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Abstract—The “Training and Tactical Operationally 
Responsive Space (ORS) Operations (TATOO)” Classroom 
and Laboratory is currently being developed by Star 
Technologies Corporation and the U. S. Air Force Research 
Laboratory / Human Effectiveness Directorate.  This paper 
discusses the laboratory hardware and software being 
developed to give voice to the Warfighter’s interaction with 
Operationally Responsive Space (ORS) satellites.  ORS is 
currently defined by the Department of Defense as ‘assured 
space power focused on timely satisfaction of Joint Force 
Commanders’ needs’ [1].  The purpose is to accommodate 
the Warfighter’s needs by improving space capability 
responsiveness and by delivering the capability to directly 
task satellites for communications and sensor data.  The 
goals of the TATOO laboratory are to provide an 
environment for the development of procedures and 
protocols for tasking tactical satellites and to provide an 
environment for training the Warfighter on the tasking 
process, both of which support the ORS mission.   
 
ORS systems aim to enhance operational space capabilities, 
as well as support flexibility and responsiveness to the 
theater that do not exist today.  ORS communication, 
navigation, and ISR (Intelligence, Surveillance, and 
Reconnaissance) satellites are designed to replace or 
supplement existing systems in order to enhance the current 
space force.  These systems intend to rapidly meet near 
term space needs of the tactical forces.  The ORS concept 
includes new tactical satellites specifically designed to 
support contingency operations such as increased 
communication bandwidth, and ISR imagery over the 
theater for a limited period to support air, ground, and 
naval force missions.  The full potential of ORS is to 
support in-theater tactical forces in developing satellite 
tasking, data retrieval, and interface capabilities for mission 
operations from a Warfighter centered perspective, and to 
develop realistic training and simulation that allows 
development, demonstration, and assessment of ORS 
Concept of Operations (CONOPS) for tactical missions.  
 
TATOO provides a laboratory/classroom environment for 
the development, testing, and evaluation of ORS CONOPS 

for in-theater ORS operations. 1 2  
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1. INTRODUCTION  

This paper provides an in-depth overview of the TATOO 
Laboratory, a computer-based simulation and training 
environment (Figure 1) developed and maintained at Star 
Technologies’ Great Falls, VA facility.  The TATOO 
laboratory serves to develop and test methods of in-theater 
satellite tasking by the Warfighter - concepts that tie in 
directly with Operationally Responsive Space (ORS).  
TATOO will support the development, evaluation, and 
documentation of numerous mission critical activities and 
will test various components such as Warfighter support 
systems and critical satellite operations under the new 
paradigm of ORS. The laboratory will also be used to 
develop the necessary training materials and procedures, as 
well as conduct exercises that emphasize the training of In-
Theater personnel.  Training is usually an afterthought, and 
the TATOO Laboratory attempts to put focus on the 
Warfighter, the Warfighter’s needs (under ORS), and the 
training materials for the Warfighter before ORS becomes a 
reality. 
 
The TATOO Laboratory will allow users to exercise 
training scenarios to demonstrate how ORS satellites can 
quickly assist in mission needs.  The users of the lab will 
use Star Technologies developed software to task space 
assets and to monitor satellite health and status.  Delays 

1                                                        
1 1-4244-1488-1/08/$25.00 ©2008 IEEE. 
2 IEEEAC paper #1580, Version 2, Updated October 26, 2007 



 2

that emulate communication transmissions will be modeled 
to illustrate bottlenecks.  The effect of changes in the ORS 
CONOPS can be demonstrated in the laboratory, and 
operational enhancements that are discovered in the 
laboratory can, in turn, be used to refine and redefine the 
ORS CONOPS. 
 
 

The TATOO Laboratory includes the software necessary to 
emulate aspects of proposed ORS operations.  This software 
extends from the Warfighter applications to satellite 
applications.  The laboratory is designed to train both the 
Warfighter and counterparts as well as the spacecraft 
operator, fostering an environment where a standard
operational approach can be developed to benefit both the 
Warfighter and operator.   

2. TATOO  LABORATORY  

The TATOO Laboratory design will accommodate several 
groups of users.  The Warfighter and Theater Commander 
represent the theater node.  Software at this node includes 
ESRI’s ArcView [2] programs, FalconView [3], and the 
Satellite Tasking Manager plug-in (described later).   In the 
case of TATOO, the Warfighter is a member of Special 
Operations Forces and it is envisioned that those members 
would undergo certification before gaining access to the 
tools to task directly.  Special Operations Forces would 
need situational awareness capabilities in remote locations 

where traditional communications methods might not exist. 
 
The satellite emulation node contains the ORS satellite(s) 
as modeled by the Spacecraft Design Tool (SDT).  For 
different training exercises, the satellites can operate at 
real-time or significantly faster.  A second set of users are 
the Satellite Systems Operators (SSOs) located at the 
Virtual Mission Operations Center (VMOC) node.  The 
number of ORS satellites can be dynamically changed to 
allow experimentation with constellation size and the 
resulting effects on the timeliness on meeting battlefield 
requests.  Analytic Graphic, Inc.’s Satellite Tool Kit (STK) 
with coverage module is used for the SSOs to experiment 
with different orbits to prepare for the launch of a new ORS 
satellite.  New orbital information can be published to SDT 
from STK. 

Figure 1-The TATOO Laboratory 
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The Reachback node contains the Image Product Library 
(IPL) and the repository of images saved from ORS 
Satellite collections, supporting a third set of users.  
Personnel operating at this node include imagery analysts 
whose expertise can be called upon by the theater or 
VMOC nodes.  These analysts can annotate imagery and 
publish it to the IPL so that the theater can access it. 
 
Currently, each node can broadcast its video output to any 
combination of eight 45” high definition LCD TVs. The 
prewired ports for video and network access and wireless 
allow for future expansion. 
 

3. ORS SATELLITE SIMULATION  

The satellites are emulated with the SDT, a high fidelity 
spacecraft 6 degree-of-freedom (6DOF) simulation tool.  
SDT (Figure 2) is based on Microsoft’s .NET framework, 
thereby providing true software plug-and-play components. 
 
The modeled satellites are addressable individually via a 
Transmission Control Protocol/Internet Protocol (TCP/IP) 
port.  Each contains an Activity Manager; a mechanism to 
reconcile Warfighter requests with battery charging and 
other autonomous state-of-heath activities.  An on-board 
Targeting component is responsible for organizing the 

requests and developing a slewing approach [4]. 
 
SDT is the software application that provides an open 
framework for Responsive Space’s rapid design concept 
spanning mission capture to deployment.  SDT is the core 
6DOF high fidelity simulation currently in the AFRL’s 
Responsive Space Test Bed.  SDT is integrated into the 
Mission Design phase and the real time Human–in-the-
Loop (HITL) test cells and it provides an environment for 
rapid prototyping of spacecraft using true software Plug-n-
Play of components, environments, and subsystems [5]. 

4. SATELLITE /WARFIGHTER COMMUNICATION  

Research is being conducted to document two ways for 
Warfighters to directly communicate with ORS satellites: 
by radio frequency (RF) and Secret Internet Protocol Router 
Network (SIPRNet).  In requirements gathering meetings 
with Air Force Special Operations Command, it was 
specified that direct tasking by the Warfighter would have 
to be accomplished by adding no additional equipment.  
Combined with the limited availability of SIPRNet in areas 
where AFSOC is present, this initially limits the use to the 
PRC-117 radio.   
�
Thus, �he first approach is with the PRC-117 military 
radio.  This approach is being pursued for the AFRL’s 
Plug-n-Play satellite effort.  In this case, a Warfighter can 

Figure 2 – In this scenario, the satellite slewed a target image in a specific area 
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send tasking requests directly to the satellite and receive 
products directly via a 9600bps downlink stream.  The RF 
downlink speed limits the type of products available to the 
Warfighter, but text-based, lightweight information is 
feasible.  Image processing algorithms envisioned for 
AFRL’s Plug-n-Play satellite effort (PnPSat) and possibly 
with High Performance On-Orbit Computing (HPOOC) can 
generate these messages to be interpreted by the 
Warfighter’s software.  Larger data can be broken up and 
received from different ORS satellites at different times.  
Expected data transmission times, errors, and retries are 
emulated via components built into SDT.�
 
As previously stated, the RF downlink via the PRC-117 is 
limited by bandwidth and is expected to be 9.6Kbps to 
56Kbps.  However, since image processing algorithms are 
planned for Plug-n-Play Satellite (PnPSat1), feature-
detection algorithms are feasible.  A Warfighter could 
select a geographic area and ask that any tanks be 
identified.  Instead of an image, the satellite could, in turn, 
send a message containing object type and lat/long.  Using 
Satellite Tasking Manager, this message can be displayed 
in FalconView.  Any tanks would be labeled using 
FalconView’s built in icon set and the lat/long coordinates 
from the satellite. 
 
The SIPRNet approach is the second area being 
documented.  The assumptions for this approach are that a 
satellite is a node on the SIPRNet addressable with TCP/IP 
and that the Warfighter has SIPRNet access.  Satellite 
products can be returned to an address almost instantly 

after a collection occurs, and the high downlink speed 
increases the scope of products available.  It is recognized 
that this approach may not be feasible with today’s 
technology, but should be considered for the future. 
 
An alternate capability that would be feasible is that a 
Warfighter might request satellite support by sending a 
request to the Joint Terminal Attack Controller (JTAC).  
This is a research endeavor to support the Air Force Special 
Operations Command that will create a training 
methodology for JTAC to support ORS Satellite tasking.  

5. TATOO  SATELLITE TASKINGS 

Several efforts are currently in progress to provide the 
Warfighter with direct tasking capabilities. The inherent 
delays in human decision-making require direct tasking as 
a potential possibility. Direct tasking would allow a 
Warfighter to bypass the mission operations center and thus 
send tasks directly and receive product directly from the 
satellite. 
 
There are several experiments currently underway that 
could make direct tasking a near-term reality. For example, 
TACSAT2 that launched in Nov ’06 is designed to provide 
imagery directly to the battlefield/combatant commander. 
The Air Force Research Laboratory has developed an 
experimental spacecraft using an adaptive ‘Plug-and-Play’ 
approach for use in space [6].  Adaptive avionics are the 
driving principles for the Plug-and-Play development 

Figure 3 – Satellite Tasking Manager (as launched from ArcMap) 
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supporting responsive space.  The Plug-and-Play effort 
includes an on-board Activity Manager that can receive and 
reconcile tasking commands with other state-of-health 
activities providing an autonomous approach for 
programmatic solution to scheduling and bypasses costly 
decision processes. 
 
To date, there has been little effort expended on 
determining a user interface designed for the Warfighter for 
sending tasking. And in addition, a whole network or 
constellation of ORS satellites is inevitable, requiring that 
dedicated effort be spent on determining the mechanism for 
how a Warfighter can interface with a single satellite as 
well as the complexity of a network of satellites. For this 
reason, Star Technologies believes that several tools and 
technologies are necessary to support the concept of direct 
tasking.  Two of these technologies are currently under 
development. 
 
First is the Satellite Tasking Manager (STM) (Figure 3). 
The STM is easy-to-use Microsoft Windows based software 
for sending tasking to and receiving information and 
products from satellites. It is based on geographic 
information system (GIS) software, under the premise that 
most tasking commands initiated by the Warfighter can 
start by selecting a Region of Interest (ROI) on a map. It 
further allows for the results of tasking to be compared to 
existing data sets, maps, and imagery. 
 
Second is the ORS Service. Star Technologies believes that 
inevitably, a network of satellites with varying capabilities 
will exist that is able to be directly tasked by the 
Warfighter. The ORS Service pushes satellite availability 
and location information to the Warfighter’s STM. In 
effect, the ORS Service serves as a broker between the 
Warfighter and the ORS network of satellites. Working 
with STM, it allows a Warfighter to task a satellite without 
being explicitly needed to know details about the ORS 
network. 
 
Satellite Tasking Manager 

The STM is software that enables the Warfighter to task a 
satellite by using a point and click interface.  STM is 
constructed as a plug-in and can be accessed by a toolbar 
button in ArcMap and FalconView.  Using STM interfaces 
with the selection, drawing, and annotation capabilities in 
both tools.  STM allows a user to select an area of interest 
on a map, resulting in a coordinate set corresponding to an 
area.  Additional constraints such as date, time of day, look 
angle, and cloud cover can also be entered.    
 
Working with the ORS Service, STM displays a projected 
ground trace of each ORS satellite over a location with 
their expected pass time, current tasking load, and 
capabilities.  This data is updated on an as-needed basis 
when STM connects with the ORS Service, and is kept 

fresh using a propagator. Using this information, the 
Warfighter can point and click to task a specific satellite. 
 
In anticipating some of the potential problems of tasking 
satellites, there are many questions that will be generated. 
For example, if the STM allows a user to make a request of 
a satellite network without explicitly knowing which 
satellite will perform the task, how can STM 
programmatically determine which satellite to send the 
task? 
 
A solution is to maintain a database of all satellites and 
their lat/long position as a function of time. This database 
could be built by propagating satellite state files (received 
from ORS Service) for a period of time. When the user 
enters a target and time for a collection, a query to the 
database can return the best satellite for the request by 
determining the satellite closest to the requested target at 
the requested time. This requires that the database contains 
data for the time requested. If not, additional propagation 
can be performed.  The database should include a Satellites 
table for information about the various satellites that are 
available to task, a SatellitePostionatTime table to keep 
track of satellite ephemerides, a Targets table, and an 
ActivityQueue table to maintain a list of all planned 
satellite activities and their expected scheduled times. 
 
If satellite capabilities are known (capabilities can be 
delivered to STM along with their ephemeris, i.e., by the 
ORS Service), the STM user interface can configure itself 
in a way to reduce options that correspond to the 
unavailable capabilities. For instance, if image processing 
algorithms are not available in any satellite in the ORS 
network, the Image Processing tab on the STM interface 
can be disabled or hidden from view. This way, the STM 
interface will only have relevant options. Roughly 
speaking, PnPSat capabilities have a corresponding 
Activity Agent, so the User Interface for each Activity 
Agent can map to a tab option in STM. Further, any known 
activities that are planned for each satellite in the ORS 
Network can be delivered to STM at periodic intervals. 
Once a satellite is selected, the target is loaded into the 
Targets table at the requested time. A calculation is 
performed to determine how much time before and after the 
collection is needed, and this time is reserved so that no 
additional requests can be made during this time. 
 
When multiple Warfighters send tasking requests to a set of 
ORS satellites, conflicts due to overlapping tasking requests 
will inevitably occur.  Through STM, a Warfighter has the 
capability to change constraints and delete tasking requests. 
 If Warfighters themselves cannot resolve their conflicting 
requests, the request can be published to a commander who 
can view the requests and approve one or the other.  
Additionally, a commander can authorize a Warfighter to 
have complete control for a given time period.  
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Once a task is prepared, the request to the satellite can be 
directed through RF or a SIPRNet connection (both 
connections are emulated in the laboratory).  A task is sent 
to the ORS Service and loaded on a specific Satellite’s 
Activity Manager.  The TATOO Laboratory will 
experiment with different tasking procedures in order to 
determine what limitations are placed on the Warfighter.  
 
Some anticipated potential problems include: 

�  Low-earth orbiting satellite will have a limited 
time over a theater of operations.  This will 
require that tasking authority is only available to 
a few, certified users.  Potentially, conflicts can 
be reduced as more ORS assets become 
available. 
 

�  Direct Tasking –bypassing the VMOC – 
requires on-board computer processing and 
autonomous capability similar to AFRL’s 
PnPSat 1.  There is a need for an “ORS 
Compliant” satellite architecture that validates a 
certain satellite and can indeed be direct-tasked 
by a Warfighter.  This list of satellites can be 
published by the ORS Service and subscribed to 
by a Warfighter using Satellite Tasking 
Manager.  Without these two pieces, a 
Warfighter would not know what is available 
nor have a way to task it. 

 
Figure 4 gives an overview of direct tasking as envisioned 
in the TATOO Laboratory. 
 
ORS Service 

To support the concept of direct tasking by in-theater 
Warfighters, there is a need for an ORS Service to maintain 
information about each satellite to assist in determining 
which satellite is best suited to fulfill a tasking request.  
The ORS Service would maintain information such as 
position, attitude, slew rates, and expected housekeeping 
times, as well as availability.  This information would be 
sent to the ground terminal – the Satellite Tasking Manager 
– effectively sending almanac data to the local ORS Service 
Database within STM.  
 
The ORS service is responsible for delivering the satellite 
state files to STM.  Any known activities are also delivered 
to ensure that STM can differentiate between available 
satellites and unavailable satellites. This information can be 
delivered to STM at periodic intervals. The more frequent 
STM can synchronize with the ORS Service, the higher the 
probability that a tasking request can be determined prior to 
sending the task to the satellite. In other words, using ORS 
Service to push information to STM about satellites and 
their capabilities and activities gives a Warfighter a higher 
chance that their request can be met prior to tasking.  
Figure 5 illustrates how an ORS Satellite (modeled on 

PnPSat), STM, and ORS service interface. 

 6. TATOO  TRAINING EXERCISES 

To illustrate how the components of the TATOO 
Laboratory work together, training exercises are being 
created.  A typical exercise shows how ORS ideas can 
streamline and optimize the process of requesting satellite 
products, with the end goal of getting information to the 
Warfighter quicker. Exercises are stored in a web-based 
courseware program and are accessible in the TATOO 
Laboratory.  Each exercise is broken down into a series of 
screens and organized by role.  They are played on one of 
the screens in the TATOO Laboratory like a slideshow, and 
display the actions that are needed at any point in time. 

 
One exercise example is that of “Bomb Damage 
Assessment”.  In this exercise, a Warfighter requests 
information to ensure that a facility and access to the 
facility has been damaged beyond easy repair.  It is 
assumed that the Warfighter already has existing maps and 
imagery of the area.  Accessing the Satellite Tasking 
Manager (an icon in the ArcMap or FalconView toolbar), 
the Warfighter acquires access to drawing tools and can 
select the area of interest, constraints, and also what types 
of objects that should be identified by the on-board image 
processing algorithms.  An example would be to highlight 
any bridges that are no longer usable.  As a result of a 
previous synching with the ORS Service and STM’s built-
in propagator, STM displays a current position of each 
satellite in the ORS Constellation.  The task is turned into a 
message that can be transmitted directly to the satellite 
using a PRC-117 military radio.  The satellite sends text-
based messages directly to the Warfighter that are 
interpreted by STM.  The messages create symbols and are 
drawn on the Warfighter’s existing maps using FalconView 
and ArcMap’s built-in drawing tools. 

Following is a step-by-step approach by a Warfighter 
guided through the actual exercise scenario for determining 
Battle Damage assessment as described above. 

The Warfighter selects an area with the upper left of the 
initial request screen and inserts the lat/long of 33.314553 
and 44.421185 within the lower left screen. The collection 
time is scheduled for 0900 05/24/2007. 

a. A request is made through the Satellite Tasking 
Manager (STM). 

b. The request is loaded onto the Targets table.  
c.  STM selects a satellite from the 

SatellitePositionatTime table whose lat/long and 
time are the closest match to the new request.  A 
propagator in STM generates the lat/long/time 
data for each satellite in the constellation.  If the 
time of the request is further into the future than 
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the data in the table, new lat/long/time data is 
generated for each spacecraft and stored. 

d.  STM looks at the ActivityQueue table to 
determine if the chosen satellite can be tasked at 
the requested time.  If it can be, the request is 
loaded in the ActivityQueue table and a start and 
end time for the request is calculated and stored.   

e. The request is sent to the satellite through the 
PRC-117 radio. 

f. The target in the Targets table is marked as 
assigned. 

g.  The Warfighter can send the task to an ORS 
satellite using the PRC-117 radio, or by publishing 
the task to the ORS Service Database. 

It should be noted that receiving imagery is possible, but 
due to the 9600bps transmission limit of the PRC-117, the 
imagery product would probably have to be received in 
multiple passes, and pieced together with STM. 
 
If SIPRNet access exists for both the tasking and the 
product retrieval, the satellite product could be high-
resolution imagery and received immediately after a 
collection.  The Warfighter can then compare it against an 
existing image library.  If needed, the Warfighter can 
initiate reachback through VMOC to request an Imagery 
Analyst’s assistance. 

7. CONCLUSION  

In order to support the in-theater tactical forces, the 
TATOO program intends to integrate key technologies into 
existing mission planning software to illustrate how the 
Warfighter can utilize satellite technology and satellite 
products.  Initially, TATOO anticipates the Satellite 
Tasking Manager (STM), an easy to use interface for direct 
tasking of satellites. STM, running on a laptop, can 
communicate directly with a satellite using the PRC-117 
military radio.  This enables a Warfighter, with no 
additional equipment, to receive the benefits of satellite 
technology.  The limited bandwidth of the PRC-117 will 
force solutions that can be delivered to the Warfighter in 
less than on satellite pass (this time depends on the satellite 
orbit).  This approach will aid in developing satellite 
tasking, data retrieval, and interface capabilities for mission 
operations from a Warfighter centered perspective, and to 
develop realistic training and simulation that allows 
development, demonstration, and assessment of ORS 
Concept of Operations (CONOPS) for tactical missions. 
TATOO will serve as the test bed to determine, given this 
framework, how ORS technologies can best serve the 
Warfighter. 
 
The TATOO Laboratory provides a flexible environment 
for the development of unique Warfighter CONOPS.  
TATOO  

Figure 4 --Tasking Overview 
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can rapidly prototype multiple satellites and their respective 
constellation using SDT to simulate a variety of ORS 
tactical satellite scenarios.  TATOO provides the training 
and simulation capability necessary to certify the 
Warfighter in direct tasking of tactical satellites. 
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