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Abstract—The *“Training and Tactical Operationally
Responsive Space (ORS) Operations (TATOO)” Classroo
and Laboratory is currently being developed by Sta
Technologies Corporation and the U. S. Air Forcedaech
Laboratory / Human Effectiveness Directorate. Tpaper
discusses the laboratory hardware and softwaregbei
developed to give voice to the Warfighter’s intei@t with
Operationally Responsive Space (ORS) satellitefRS @
currently defined by the Department of Defenseagsured
space power focused on timely satisfaction of JBimtce
Commanders’ needs’ [1]. The purpose is to acconateod
the Warfighter’'s needs by improving space capabilit
responsiveness and by delivering the capabilitgitectly
task satellites for communications and sensor dakhe
goals of the TATOO laboratory are to provide an

for in-theater ORS operatior's’
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1.INTRODUCTION

environment for the development of procedures and

protocols for tasking tactical satellites and tovyle an
environment for training the Warfighter on the tagk
process, both of which support the ORS mission.

ORS systems aim to enhance operational space t&papi
as well as support flexibility and responsivenessthe
theater that do not exist today.
navigation, and ISR (Intelligence, Surveillance,dan
Reconnaissance) satellites are designed to reptace
supplement existing systems in order to enhanceuhrent
space force. These systems intend to rapidly meat
term space needs of the tactical forces. The QRSept
includes new tactical satellites specifically desid to
support contingency operations such as increas

This paper provides an in-depth overview of the X
Laboratory, a computer-based simulation and trainin
environment (Figure 1) developed and maintainetat
Technologies’ Great Falls, VA facilty. The TATOO
laboratory serves to develop and test methods-tiaater
satellite tasking by the Warfighter - concepts thatin

ORS communicationgirectly with Operationally Responsive Space (ORS).

TATOO will support the development, evaluation, and
documentation of numerous mission critical actegtiand
will test various components such as Warfighterpsup
systems and critical satellite operations under miegv
paradigm of ORS. The laboratory will also be used t
develop the necessary training materials and puvesdas

&flell as conduct exercises that emphasize the trgiof In-

communication bandwidth, and ISR imagery over therpeaier personnel. Training is usually an aftarga, and

theater for a limited period to support air, grourachd
naval force missions. The full potential of ORS tts
support in-theater tactical forces in developindelite
tasking, data retrieval, and interface capabilitdeanission
operations from a Warfighter centered perspectwe] to
develop realistic training and simulation that wafo

the TATOO Laboratory attempts to put focus on the
Warfighter, the Warfighter’'s needs (under ORS), émel
training materials for the Warfighter before ORSdraes a
reality.

The TATOO Laboratory will allow users to exercise

development, demonstration, and assessment of ORpyining scenarios to demonstrate how ORS sateltitn

Concept of Operations (CONOPS) for tactical mission

TATOO provides a laboratory/classroom environmeort f
the development, testing, and evaluation of ORS OPS

quickly assist in mission needs. The users oflabewill
use Star Technologies developed software to tasicesp
assets and to monitor satellite health and statDelays
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that emulate communication transmissions will belebed

to illustrate bottlenecks. The effect of changeshie 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 fredehe
ORS CONOPS.

Figure 1-The TATOO Laboratory

The TATOO Laboratory includes the software necestar

emulate aspects of proposed ORS operations. oftigase

extends from the Warfighter applications to satelli

applications. The laboratory is designed to trhamth the

Warfighter and counterparts as well as the spaftecra

operator, fostering an environment where a standard

operational approach can be developed to bendfit thee  where traditional communications methods mightenast.
Warfighter and operator.

The satellite emulation node contains the ORS Igafg)
as modeled by the Spacecraft Design Tool (SDT).r Fo
different training exercises, the satellites carerafe at
real-time or significantly faster. A second setuskrs are
The TATOO Laboratory design will accommodate selverathe Satellite Systems Operators (SSOs) locatedhat t
groups of users. The Warfighter and Theater Contl@an Virtual Mission Operations Center (VMOGQ)ode. The
represent the theater node. Software at this mudedes  number of ORS satellites can be dynamically chariged
ESRI's ArcView [2] programs, FalconView [3], andeth allow experimentation with constellation size anite t
Satellite Tasking Manager plug-in (described latef) the  resulting effects on the timeliness on meeting |&kitd
case of TATOO, the Warfighter is a member of Sgeciarequests. Analytic Graphic, Inc.’s Satellite Téal (STK)
Operations Forces and it is envisioned that thosmbers  with coverage module is used for the SSOs to expari
would undergo certification before gaining accesstite  with different orbits to prepare for the launchaafiew ORS

tools to task directly. Special Operations Foreesild  satellite. New orbital information can be publighe SDT
need situational awareness capabilities in renmtations  from STK.

2. TATOO LABORATORY
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Figure 2 — In this scenario, the satellite slewedtarget image in a specific area

The Reachback node contains the Image Product riibra

requests and developing a slewing approach [4].

(IPL) and the repository of images saved from ORSSDT is the software application that provides arerop

Satellite collections, supporting a third set ofenss
Personnel operating at this node include imagealyats

framework for Responsive Space’s rapid design qance
spanning mission capture to deployment. SDT isctire

whose expertise can be called upon by the theater éDOF high fidelity simulation currently in the AFRL

VMOC nodes.
publish it to the IPL so that the theater can ades

Currently, each node can broadcast its video outpany
combination of eight 45" high definition LCD TVs.h&
prewired ports for video and network access ancless
allow for future expansion.

3.ORSSATELLITE SIMULATION

The satellites are emulated with the SDT, a higleliiy
spacecraft 6 degree-of-freedom (6DOF) simulatioal. to
SDT (Figure 2) is based on Microsoft's .NET framekyo
thereby providing true software plug-and-play comgras.

The modeled satellites are addressable individuadya
Transmission Control Protocol/Internet Protocol PTIP)
port. Each contains an Activity Manager; a meck@mnio
reconcile Warfighter requests with battery chargid
other autonomous state-of-heath activities. Anboard
Targeting component is responsible for organizihg t

These analysts can annotate imageaty arResponsive Space Test Bed. SDT is integrated timdo

Mission Design phase and the real time Human-in-the
Loop (HITL) test cells and it provides an environmhéor
rapid prototyping of spacecraft using true softwBheg-n-
Play of components, environments, and subsystens [5

4. SATELLITE /WARFIGHTER COMMUNICATION

Research is being conducted to document two walys fo
Warfighters to directly communicate with ORS satiedl:

by radio frequency (RF) and Secret Internet ProtBoaiter
Network (SIPRNet). In requirements gathering nmegi
with Air Force Special Operations Command, it was
specified that direct tasking by the Warfighter Wbhave

to be accomplished by adding no additional equigmen
Combined with the limited availability of SIPRNet areas
where AFSOC is present, this initially limits thseuto the
PRC-117 radio.

Thus, he first approach is with the PRC-117 military
radio. This approach is being pursued for the ABRL
Plug-n-Play satellite effort. In this case, a Wgrfer can



send tasking requests directly to the satellite sewbive after a collection occurs, and the high downlinleesp
products directly via a 9600bps downlink streamhe RF  increases the scope of products available. ledi®gnized
downlink speed limits the type of products avaiatd the that this approach may not be feasible with today's
Warfighter, but text-based, lightweight informatiols  technology, but should be considered for the future
feasible. Image processing algorithms envisioned f

AFRL’s Plug-n-Play satellite effort (PnPSat) andsgibly  An alternate capability that would be feasible stt a
with High Performance On-Orbit Computing (HPOOCH ca Warfighter might request satellite support by sagda
generate these messages to be interpreted by thequest to the Joint Terminal Attack Controller ATI).
Warfighter’s software. Larger data can be brokpnand  This is a research endeavor to support the Aird-8qecial
received from different ORS satellites at differéimhes. Operations Command that will create a training
Expected data transmission times, errors, andesere methodology for JTAC to support ORS Satellite tagki
emulated via components built into SDT.

As previously stated, the RF downlink via the PRIG-1s 5. TATOO SATELLITE TASKINGS

limited by bandwidth and is expected to be 9.6Kbps

56Kbps. However, since image processing algoritanes Several efforts are currently in progress to previtie
planned for Plug-n-Play Satellite (PnPSatl), festur Warfighter with direct tasking capabilities. Theherent
detection algorithms are feasible. A Warfighteruldo ~delays in human decision-making require directitaglas
select a geographic area and ask that any tanks Be potential possibility. Direct tasking would allow
identified. Instead of an image, the satelliteldpin turn, ~ Warfighter to bypass the mission operations cesner thus
send a message containing object type and lat/ldsging ~ send tasks directly and receive product directymfrthe
Satellite Tasking Manager, this message can bdagisp ~ satellite.

in FalconView. Any tanks would be labeled using

FalconView's built in icon set and the lat/long odioates ~There are several experiments currently underwat th
from the satellite. could make direct tasking a near-term reality. &@mple,

TACSAT2 that launched in Nov '06 is designed tovyile
The SIPRNet approach is the second area beingnagery directly to the battlefield/combatant conmuer.
documented. The assumptions for this approachhatea The Air Force Research Laboratory has developed an
satellite is a node on the SIPRNet addressable TdxR/IP  experimental spacecraft using an adaptive ‘Plugfalag
and that the Warfighter has SIPRNet access. 8atell approach for use in space [6]. Adaptive avionies the
products can be returned to an address almostnista driving principles for the Plug-and-Play developmen

Figure 3 — Satellite Tasking Manaager (as launched from ArcMap



supporting responsive space. The Plug-and-Plagrteff fresh using a propagator. Using this informatiohge t
includes an on-board Activity Manager that can irecand  Warfighter can point and click to task a speciftetlite.
reconcile tasking commands with other state-oftheal

activities providing an autonomous approach forln anticipating some of the potential problems aéking
programmatic solution to scheduling and bypassea$lyco satellites, there are many questions that will beegated.

decision processes.

To date, there has been little effort expended
determining a user interface designed for the \Whtér for
sending tasking. And in addition, a whole netwonk
constellation of ORS satellites is inevitable, rieiqg that
dedicated effort be spent on determining the mashafor
how a Warfighter can interface with a single s#telas
well as the complexity of a network of satellit€ésr this
reason, Star Technologies believes that severd tood
technologies are necessary to support the condéefitant
tasking. Two of these technologies are currentigeun
development.

First is the Satellite Tasking Manager (STM) (Fg8).
The STM is easy-to-use Microsoft Windows basednsofe

orsatellite  will

For example, if the STM allows a user to make aiestof
a satellite network without explicitly knowing wihic
perform the task, how can STM
programmatically determine which satellite to sethe

o task?

A solution is to maintain a database of all s&atsdliand
their lat/long position as a function of time. Thiatabase
could be built by propagating satellite state fi{esceived
from ORS Service) for a period of time. When therus
enters a target and time for a collection, a gueryhe
database can return the best satellite for theestghy
determining the satellite closest to the requetaedet at
the requested time. This requires that the datatzagains
data for the time requested. If not, additionalpagation
can be performed. The database should inclusiatellites

for sending tasking to and receiving informationdan table for information about the various satellitesit are

products from satellites. It
information system (GIS) software, under the prentisat
most tasking commands initiated by the Warfightan c
start by selecting a Region of Interest (ROl) omap. It
further allows for the results of tasking to be gamed to
existing data sets, maps, and imagery.

Second is the ORS Service. Star Technologies leslithat
inevitably, a network of satellites with varyingpedilities
will exist that is able to be directly tasked byeth
Warfighter. The ORS Service pushes satellite alugiita
and location information to the Warfighter's STMn |
effect, the ORS Service serves as a broker betwieen
Warfighter and the ORS network of satellites. Worki
with STM, it allows a Warfighter to task a satalivithout
being explicitly needed to know details about thRSO
network.

Satellite Tasking Manager

The STM is software that enables the Warfighterask a
satellite by using a point and click interface. M5Ts
constructed as a plug-in and can be accessed byitzat
button in ArcMap and FalconView. Using STM interdés
with the selection, drawing, and annotation caji#sl in
both tools. STM allows a user to select an areiatefest
on a map, resulting in a coordinate set correspanth an
area. Additional constraints such as date, timgagf look
angle, and cloud cover can also be entered.

Working with the ORS Service, STM displays a prtgec
ground trace of each ORS satellite over a locatidti

their expected pass time, current tasking load, an

capabilities. This data is updated on an as-neédsts

when STM connects with the ORS Service, and is kept
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is based on geographi@available to task, &atellitePostionatTimdable to keep

track of satellite ephemerides, Bargets table, and an
ActivityQueue table to maintain a list of all planned
satellite activities and their expected schedulaes.

If satellite capabilities are known (capabilitiegnc be
delivered to STM along with their ephemeris, ilgy,the
ORS Service), the STM user interface can configisedf

in a way to reduce options that correspond to the

unavailable capabilities. For instance, if imagecessing
algorithms are not available in any satellite ire tORS
network, the Image Processing tab on the STM iaterf
can be disabled or hidden from view. This way, 81M
interface will only have relevant options. Roughly
speaking, PnPSat
Activity Agent, so the User Interface for each Adtti
Agent can map to a tab option in STM. Further, lamgwn
activities that are planned for each satellite e ORS
Network can be delivered to STM at periodic intésva
Once a satellite is selected, the target is loadéa the
Targets table at the requested time. A calculation is
performed to determine how much time before anet dlffte
collection is needed, and this time is reservedhst no
additional requests can be made during this time.

When multiple Warfighters send tasking requests $et of
ORS satellites, conflicts due to overlapping tagkiaquests
will inevitably occur. Through STM, a Warfighteaé the
capability to change constraints and delete tasiéagests.
If Warfighters themselves cannot resolve theirflading

requests, the request can be published to a conenarb

an view the requests and approve one or the other.

dditionally, a commander can authorize a Warfighte
have complete control for a given time period.

capabilities have a corresponding



Once a task is prepared, the request to the satelin be

PnPSat), STM, and ORS service interface.

directed through RF or a SIPRNet connection (both

connections are emulated in the laboratory). A tasent
to the ORS Service and loaded on a specific Seslli
Activity Manager. The TATOO Laboratory will
experiment with different tasking procedures in esrdo

determine what limitations are placed on the Waitfg.

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 asigioaed
in the TATOO Laboratory.

ORS Service

To support the concept of direct tasking by in-teea
Warfighters, there is a need for an ORS Servigcadmtain

information about each satellite to assist in deteing

which satellite is best suited to fulfill a taskingquest.
The ORS Service would maintain information such

position, attitude, slew rates, and expected haegshkg

times, as well as availability. This informatioromid be

sent to the ground terminal — the Satellite Taskitamager

— effectively sending almanac data to the local (¥RE/ice

Database within STM.

The ORS service is responsible for delivering thtelite
state files to STM. Any known activities are atkgivered

to ensure that STM can differentiate between abkila

satellites and unavailable satellites. This infatipracan be
delivered to STM at periodic intervals. The moregfrent
STM can synchronize with the ORS Service, the highe
probability that a tasking request can be deterchpréor to
sending the task to the satellite. In other wousding ORS
Service to push information to STM about satellites]
their capabilities and activities gives a Warfighaehigher
chance that their request can be met prior to rgski
Figure 5 illustrates how an ORS Satellite (modeted

6. TATOO TRAINING EXERCISES

To illustrate how the components of the TATOO
Laboratory work together, training exercises aréndpe
created. A typical exercise shows how ORS ideas ca
streamline and optimize the process of requestitgllge
products, with the end goal of getting informatimnthe
Warfighter quicker. Exercises are stored in a wabed
courseware program and are accessible in the TATOO
Laboratory. Each exercise is broken down intoréeseof
screens and organized by role. They are playednenof
the screens in the TATOO Laboratory like a slideghend
display the actions that are needed at any poititrie.

One exercise example is that of “Bomb Damage
Assessment”. In this exercise, a Warfighter retpues
information to ensure that a facility and accessthe
facility has been damaged beyond easy repair. slt i
assumed that the Warfighter already has existingsnaad
imagery of the area. Accessing the Satellite Tagpki
Manager (an icon in the ArcMap or FalconView too)ba
the Warfighter acquires access to drawing tools eaud
select the area of interest, constraints, and kst types

of objects that should be identified by the on-boanage
processing algorithms. An example would be to gt
any bridges that are no longer usable. As a resful
previous synching with the ORS Service and STM'Bt-bu
in propagator, STM displays a current position atle
satellite in the ORS Constellation. The task iai¢d into a
message that can be transmitted directly to thellisat
using a PRC-117 military radio. The satellite setekt-
based messages directly to the Warfighter that are
interpreted by STM. The messages create symbalsisn
drawn on the Warfighter’s existing maps using FalGew
and ArcMap’s built-in drawing tools.

as

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

The Warfighter selects an area with the upper défthe
initial request screen and inserts the lat/lon@3814553
and 44.421185 within the lower left screen. Théeation
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 thargetstable.
c. STM selects a satellite  from the
SatellitePositionatTimegable 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. hié t
time of the request is further into the future than



the data in the table, new lat/long/time data is 7. CONCLUSION
generated for each spacecraft and stored.

d. STM looks at the ActivityQueue table to In order to support the in-theater tactical forcéise
determine if the chosen satellite can be tasked at +p100 program intends to integrate key technologits
the requested time. If it can be, the request is gyiqting mission planning software to illustratewhehe
loaded in theActivityQueuetable and a start and  \yarfighter can utilize satellite technology and edfite

end time for the request is calculated and stored. products. Initially, TATOO anticipates the Satelli
e. The request_is sent to the satellite through the Tasking Manager (STM), an easy to use interfacelif@ct

PRC-117 rad_lo. . tasking of satellites. STM, running on a laptopn ca
f.  The target in theTargets table is marked as  communicate directly with a satellite using the PROY

assigned. military radio. This enables a Warfighter, with no

9. The Warfighter can send the task to an ORS ,ygitional equipment, to receive the benefits dbltiee
satellite using the PRC-117 radio, or by publishing o chnology. The limited bandwidth of the PRC-11il w
the task to the ORS Service Database. _ force solutions that can be delivered to the Watég in

It should be noted that receiving imagery is pdesibut o5 than on satellite pass (this time dependbessatellite
QUe to the 9600bps transmission limit of the PR(Z,—I_ple orbit). This approach will aid in developing stitel
imagery product would probably have to be receiwed ,qying, data retrieval, and interface capabilitiesmission
multiple passes, and pieced together with STM. operations from a Warfighter centered perspectwe] to

i i develop realistic training and simulation that wafo
It SIPRNet access exists fqr both the tasking _ahel t development, demonstration, and assessment of ORS
product retrieval, the satellite product could brghh Concept of Operations (CONOPS) for tactical mission
resolution imagery and received immediately after araTo0 will serve as the test bed to determine, withis

collection. The Warfighter can then compare itiagean  amework, how ORS technologies can best serve the
existing image library. If needed, the Warfightean Warfighter.

initiate reachback through VMOC to request an Inmnpge

Analyst's assistance. The TATOO Laboratory provides a flexible environrhen
for the development of unique Warfighter CONOPS.
TATOO

ORS
SERVICE

ORS
SERVICE

Turget Areu;
2km x 14km

Wideband Link
AUl pueq=pim

Warfighter

Tactical Ground Station

\ o
I Unprocessed Data Cube N P Unprocessed Data Cube I
Target Tasking . N Target Tasking
VMOoC

Figure 4 --Tasking Overview
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