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• System of systems
• Not “platform-centric” but “collaborative”
• Two thrust-lines: (1) industry; (2) DARPA
• Early M&S, then field experiments
• 5 DARPA system-components:            

AFSS, A-160, DRaFT, IUGS and CPOF

Future Combat Systems
An Army ($509 m)-DARPA ($406 m) Program ’01 thru ’05

Presenter
Presentation Notes
The following are charts assembled from past presentations to support the Annual NDIA Conference on Science & Engineering at Johns Hopkins University 10 May 2000. These describe an ongoing joint science and technology undertaking by the Defense Advanced Research Projects Agency and the U.S. Army.
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SENIOR  ADVISORY  GROUP (JUN- SEP 99)

TOR: 
—Explore innovative technology solutions 
—Enable Army to achieve vision of lightweight,   

lethal,   survivable, multi-mission ground combat 
forces 

— Help DARPA and Army determine course of action 
leading to development of truly innovative future 
combat systems

SAG: 2 former Dir �DARPA; 3 ASB/DSB; 5 Gen(R)

Presenter
Presentation Notes
In the spring of 1999 the Army (Lt. Gen. Kern) approached DARPA with a proposal to establish a joint program to develop what it termed a “multi-mission combat system” (MMC�S). Tentatively, the Army would provide an 0-6 to act as Program Manager, and put up half of the funds for a 3 to 5 year program involving $300 million.

In June 99 DARPA, with Army concurrence, set up a Senior Advisory Group (SAG) that was to prepare a report per these instructions. The SAG adopted the term Future Ground Combat System (FGCS) to describe its objective.

The SAG was chaired by Larry Lynn, former Director, DARPA (Jim Tegnalia, another former Director, was also on the panel). All the Science Board members had directed major studies on future technologies for the armed forces. The Generals included Al Gray, former Commandant of the Marines Corps, and Glen Otis, who had been a principal in the development of the M-1 tank, and an architect of the concepts for the organization and operations of the present “heavy force.” 
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Presenter
Presentation Notes
• The Army believes that it must make a decision in the period FY 2003 to 2005 on what to develop and how to develop for that portion of its materiel that will be modernized for the Army After 2010. The time sectors are those set by the Army. In the SAG’s view, the Army’s options are indicated by the two arrows.
• The lower arrow, portrays thrusting into the future using the Army’s existing practice of developing platform-centric weapon systems. It is the more narrow of the two because R&D costs will be higher per weapon system, and development (assuming continuing budgetary strictures) correspondingly constrained. Thus Crusader may be followed with, for example, further improvements for the M-1 tank system, fielding of the COMANCHE air reconnaissance/attack system as planned, and replacing conventional gun propellants with electrical energy. The relentless, accelerating progress of technology will no doubt yield significant improvements in system lethality and survivability, perhaps even assure that each new Army weapon system will overmatch that of any potential adversary (e.g.,  a U.S. tank that can survive a head-to-head with a new Russian 152mm gun tank, equipped with new Ukrainian armor ). Only marginal changes in present Army concepts of operations will be necessary for the lower arrow. 
• However —  as the upper arrow indicates, and this paper will argue — if DARPA leads the thrust with determined exploitation of information technology, and if the Army resolutely changes its concepts of operations apace with technology, the modernized portion of the Army After 2010 can be far more strategically and tactically agile,  and far more effective in meeting the entire range of possible Army missions.
• Hence, FCS aims (1) to combine a strong technology thrust with a vigorous conceptual reform, and (2) to illuminate the Army’s decision with analyses and experiments in FY 2000, 2001, and 2002 that indicate that such a combined thrust will exert strong upward leverage on combat effectiveness. 
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CONOPS (O&O) Enablers
 Distributed, integrated force of  teams with a mix of manned and unmanned 
systems, light (flattened structure, extensive reach-back, automation, low-
weight vehicles, high fuel efficiency), lethal (precision munitions and effective 
suppressive ordnance), and survivable (teamwork and interactive protective 
systems).

 Organic RSTA at every echelon linked directly  to weapons, particularly  
those enabling engagement beyond line of sight. This must include provision 
for highly mobile C2, and for elimination of forward TOCs and FDCs.  

 Highly-automated, self-actualizing C3 system that assures situational 
understanding and prompt execution of tactical decisions.

 Configured  for airmobility: moving overseas using commercial transmodal 
equipment and civil air freighters, and able to be deployed and sustained within 
the theater by C-130 (or comparable airlifters).

 Punch and endurance beyond that of today’s heavy-force, capable of forcing 
entry and of gaining and maintaining operational and tactical initiative. 

Presenter
Presentation Notes
Any future ground combat system must provide for both lethality and force protection. Both are seriously deficient even in the most modern, “digitized” portion of the Army.
Current combat units have relatively primitive organic RSTA. This was strikingly evident in the Army’s 1997 Task Force XXI AWE, in that leaders, having insufficient awareness of either friendly or enemy dispositions, did not use either fires or maneuver to best effect. A simulated JSTARS figured in the experiments,  but, due to terrain masking and data latencies, it was unable to help Blue commanders fighting the close battle. Moreover, the tactical internet actually increased vulnerability in that it required each combat vehicle to broadcast its location repetitively, and the network itself proved to be vulnerable.
The Army must build a new generation of forces around materiel that will enable rapid deployment and sustainability in combat with air lines of communications only.
But central to the effectiveness of such forces will be provisions for significantly improved command, control, communications, computing, intelligence, surveillance, and reconnaissance (C4ISR), and especially for target acquisition (TA) by deployed forces in close combat.  
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Toward New Team CONOPS (O&O)

Force Structure “heavy”  or “light” combined arms
Organization hierarchical networked
Construct duel; overmatch win at extended range
OPTEMPO diurnal spikes relentless
Venue mono-plane 3-dimensional
Close Battle RSTA “higher”+ eyes RSTA layered
Indirect Fires latency linked sensor-shooter
Manpower intensive robot-assisted
AFV crew + platform network with robots
C3 TOC distributed, automated
Mobility: strategic DoD lift; RSOI all lift; fight on arrival;
Mobility: tactical control zone control enemy CGs;

secure LOC mass effects;
sustain from the air

2000 post 2010
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Presenter
Presentation Notes
Here are some general observations about sensors. These may seem obvious, but they govern sound military planning for situational awareness.
Time is a vital measure of effectiveness, since the speed with which a threat weapon system can attack imposes upon a defender a need for fast, precise sensors so that he can detect a threat in time to counter it. 
Usually a commander would prefer redundant  means of detecting a threat, preferably networks of sensors arrayed in layers, to increase the range at which his forces can detect a threat with precision and relative freedom from false alarm, and with high probability of classification, that is, knowing that it is enemy vice friendly, and determining whether it is missile, a fixed or rotary wing aircraft, a tank, or some other form of threat. Sensors on airborne platforms can provide long range, but are often limited with classification. Moving target indicators (MTI) offer very long range and wide coverage, while synthetic aperture radar (SAR) trades off range and area coverage to increase understanding of the target. Electro-optic infra-red imagers, or course, offer even better target definition, but are not shown because we did not consider them for DRaFT applications.    
The right-hand diagram refers to IUGS, that utilize different phenomena generated by the approaching threat vehicle, such as sound and seismic waves, magnetic anomalies, or video images. Layering these sensors increases range, decreases false alarm, and provides surer classification. In general, the higher the redundancy (e.g., ASMI) , the more assured the classification.
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Detect
Locate

ID, Track, Cue,
Fuse/Alert

Enable Fires
&/or Maneuver

Div+ Bde Bn Div+ Bde Bn Div+ Bde Bn

JSTARS 5-2* 5-2* 0 3 3 0 2 2 0

DISCOVR II 5-2* 5-2* 0 3 0 0 2 0 0

PREDAT0R 5-2* 5-2* 0 2 2 0 1 1 0

GL0B HAWK 4 0 0 2 0 0 1 0 0

Tactical UAV 1 5-2* 2 3 3 1 2 0 1

UGS 0 0 2 1 2 2 0 0 2

Sensor
System

Contribution to Force Effectiveness

0= No Contribution; 5=Significant Contribution
* Situationally dependent

Capabilities Year 2000
IDA Assessment of Current Sensors
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Close Battle is the Payoff
• Target acquisition (TA)  for those in close battle is now largely 

based on (1) eyeballs and oral reports, (2) intel from  the rear
• DARPA TTO recently analyzed problem. Method was to 

examine ground-truth data from Task Force XXI AWE (March 
1997) [data from TRAC WSMR]:

• Successful Red envelopment of Blue due to poor SA
• Predicated on instrumented histories re behaviors of vehicle types
• Replay script of AWE maneuvers in Toyon’s SLAMEM model

– Against standoff GMTI radar (JSTARS)
– Against IUGS fields projected into in key corridors and blind 

zones
• Assume IUGS fields communicate directly through battalion’s 

organic ground-based air and surface GMTI radars
• Employ statistics of target detections for analyses

Presenter
Presentation Notes
In the Army’s 1997 Task Force XXI AWE maneuver battalions had relatively primitive organic RSTA means. To help DARPA PMs understand the potential of their developments, we analyzed data acquired from the instrumentation at the Army’s National Training Center (NTC). The “battle” shown in the following charts was a meeting engagement between some 534 Blue armored fighting vehicles (AFV) and 233 Red AFV that eventuated in a Blue disaster. The OPFOR (Red) was able to outflank Blue because of the latter’s poor situational awareness. A simulated JSTARS figured in the actual exercise but, due to terrain masking and data latencies, did not figure in the leader’s decisions.
The analysis replayed the script of the actual  Red and Blue maneuvers in a constructive model (SLAMEM). Then a standoff JSTARS was injected into the model to demonstrate its capabilities and limitations (e.g., terrain-masking). Finally, simulated internetted unattended ground sensors (IUGS) were projected into key defiles and blind zones, and digital radio frequency tags (DRaFT) were simulated in position to transmit the IUGS data to organic battalion radars. 
Our hypothesis was that a better suite of organic sensors should be able to detect and track many of the Red (AFV) of which, in the real exercise, Blue remained unaware. To test that hypothesis, we caused the model to generate data on the ability of the simulated sensors to target the scripted ground vehicles.
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Terrain Masking of JSTARS at NTC

35 km

25 km
JSTARS
• 200 km standoff
• 12 km altitude

A
B

C

Presenter
Presentation Notes
This chart shows a sample of terrain masking in the NTC region as viewed from the simulated JSTARS during the TF XXI AWE. 
The area shown is what is known as the “Iron Triangle”, an area south of Granite Pass and west of the Racetrack. The letters denote terrain central to the battle of interest: A marks the defile though which OPFOR passed the bulk of a regiment; B marks the right (north) flank of the Blue forces, and C a hill on which Blue’s foremost battalion task force was situated.  
The black regions indicate ground that is blocked to the radar. In this case, the platform is 200 km to the east (approximately over Las Vegas) at 12 km altitude. During the actual exercise, the OPFOR exploited its understanding of the limitations on JSTARS imposed by the terrain, and maneuvered through A, then used defiles to advance in column northward and rearward (east) of B.
N.B. the JSTARS did provide targets well to the west of this locale, deep in the OPFOR rear, some of which were decoys. 
The outcome of the battle hinges on Blue’s supporting fires being directed at these deeper targets, as opposed to the more imminent threat posed by the enveloping Red column. The OPFOR commander stated in the After Action Review that his position during the flanking maneuver was extremely precarious: he had Blue armor on one flank and an impassable mountain escarpment on the other. Yet Blue proved to be unable to hit his main attack with fires of any kind, and he was able to fix the Blue forces at B and C in position with a series of diversions.
Again, we hypothesized that DARPA could significantly alter the recorded circumstance.  
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Hypothesis: Blue Needed Organic Sensors

Ground truth at ~0800

OPFOR feint

Main OPFOR elements break through 
along Northern edge of valley

• Red envelops N flank because of flawed Blue 
Situational Awareness

• Blue battalion could have defeated Red with 
better SA from from IUGS, and an MTI system of 
its own, with DRaFT on Blue AFV

Presenter
Presentation Notes
Both sides advanced at about 0600, and were in contact at B and C by 0700. By 0800, the situation shown,  Red had outmaneuvered Blues forward units, and had pinned his following forces with a large scale chemical attack using smoke, and persistent and non-persistent gas. By 1000 Red was attacking east close to the right edge of the display with a battalion of AFV still functional, while Blue was largely impotent.  
We examined two forms of organic sensors: (1) fields of IUGS projected into the JSTARS “shadows,” linked to the battalion by DRaFT read by ground-based radars. (2) a SOTAS-like pair of airborne GMTI radars, assisted by issuing a DRaFT to each Blue AFV. 
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IUGS, DRaFT Simulated w/ 97 AWE Data

Ground-based radar

LOS from radar
to DRaFT on ridge

LOS from DRaFT on ridge
to center of IUGS field

Presenter
Presentation Notes
This chart shows the lay-down of the IUGS fields and DRaFT sites simulated with the AWE data. Two fields were positioned by missiles and air drop, indicated by the blue hatched polygons. The western-most field was projected across the route of advancing Red AFV detected by JSTARS. The other covered a nearby valley which is predominantly masked to the Blue JSTARS. Each IUGS field communicates via a DRaFT placed upon local high ground. As the terrain profiles show, clear line-of-sight is achieved to the Blue ground-based radar on the right, and the data indicates that any of the following Army issue radars at that location could had “read” DRaFTs relaying from the IUGS fields at high revisit rates (~30 seconds): MSR-20A (I-band) AN/TPS-74 (J-band) AN/UPS-3 (D-band). 
Additionally, we examined a developmental CECOM Ku band GMTI radar intended for installation aboard a DARPA helicopter for close battle integration that could have read the DRaFT at about the same revisit rate.  
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Radar-read IUGS Can Plot Red AFV

IUGS linked by DRaFT 
to battalion radar(s) 
provide Red awareness 
not available from 
theater-level sensors
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Snapshot of ground truth with simulated IUGS fields from
Task Force XXI AWE exercise (16 March 1997)

Assumes 30 second updates for
detected targets in IUGS fields

Presenter
Presentation Notes
These charts show the primary results of the analyses. A snapshot of the simulation appears in the upper left. It shows the (ground-truth) Red and Blue vehicle locations and the simulated IUGS fields and their current detections. The IUGS fields are outlined in blue and the detections are denoted by circles within the fields. Radar interrogates the DRaFT every 30 seconds, and the latest detections are reported. Most detections correspond very closely with correct location of the vehicles. A few are somewhat inaccurate because the vehicles have moved and have not subsequently been detected.

Two plots are shown. The one on the left quantifies the number of unique vehicles that are detected in the IUGS fields as a function of time. This calculation counts a vehicle only when it is first reported. Such a count would be useful if the IUGS field operated as a “trip wire”, designed primarily to provide Blue with warning of a Red advance. The DRaFT devices need not send a large amount of data for this operation, only about one hundred reports over two hours.

Alternatively, if Blue uses the IUGS fields for generating and maintaining detailed tactical tracks of Red AFV, frequent target updates are required. The plot on the right shows the cumulative number of target reports assuming the IUGS fields report, via DRaFT, every 30 seconds. Clearly, the amount of data is much greater in this type of operation (~ 16,000 Red loci in three hours).
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Theater-level MTI Limited to Macro-detail
Negligible contribution to Blue situational awareness 

– Can only detect movers in MTI mode
– Majority of movers are masked by terrain
– Cannot distinguish Blue from Red
– Information has significant latencies

JSTARS view at ~0800
(detections within previous 120 seconds)

JSTARS beam print

JSTARS detections

Presenter
Presentation Notes
This chart shows the difficulty in providing detailed situational awareness with the standoff JSTARS GMTI radar. (The small green circles represent tracks of all vehicles detected within 120 seconds of the snapshot.) The plot shows that only a small fraction of the Blue force is seen. The majority of the Blue vehicles are stationary, thus not detectable by the GMTI radar. Also, at this point in time, no Red vehicles are seen. At other times, a small number of Red vehicles can be detected but they are indistinguishable from Blue vehicles to the GMTI radar.
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JSTARS+DRaFT Improves Blue Data
Blue-side awareness at the Theater level is significantly 

better
– Movers and tagged stationary vehicles are located; DRaFT 

discriminates Blue from Red 
– Many targets (including the main Red force) are masked by terrain 
– Latencies may limit the value of the information forward of brigade 

JSTARS view at ~0800
(detections of tagged vehicles within previous 120 seconds)

JSTARS beam print
Tagged vehicles detected
by JSTARS

Presenter
Presentation Notes
This chart shows the JSTARS return if all Blue vehicles had a DRaFT. The theater-level awareness of the Blue force’s situation improves significantly. Now the moving and stationary vehicles can be seen and each one’s ID, location, and status can be transmitted to the radar. (The blue circles denote the tracks of tagged Blue vehicles seen by the radar within the last 120 seconds)

Note, however, that no Red vehicles are detected at this time, since they remain in the shadows. Moreover, the Blue AFV being flanked vicinity B are also shadowed.  Further, the value of the information may be limited because of latencies in getting the information forward. 
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Tactical GMTI+DRaFT = Reliable SA
Airborne GMTI for Blue, and DRaFT for all Blue 
vehicles provides timely, unambiguous Blue and 
Red SA:

• GMTI assumptions: six platforms at 5 km altitude; 15 km MTI range; 
interacts with DRaFT

• Blue vehicles stationary or moving can be detected and identified
• Untagged GMTI targets can be displayed as hostile and targetedTactical MTI view at ~0800

(detections of tagged vehicles within previous 120 seconds)

Tactical MTI
beam prints

Tagged vehicles detected
by tactical MTI system

Tactical MTI
platforms

Non-tagged vehicles detected
by tactical MTI system

Presenter
Presentation Notes
This chart shows the dramatic improvement provided by an organic, tactical GMTI system in conjunction with DRaFT-equipped Blue vehicles. As in the prior case, all Blue vehicles are tagged. In this case however, there are six GMTI-equipped rotorcraft hovering above the forward Blue units. The radar scans 360 degrees in 30 seconds and sees out to a range of 15 km. (Again, the blue circles denote tracks of tagged Blue vehicles seen within the last 120 seconds and the red circles represent tracks of untagged vehicles.)

As the plot demonstrates, Blue’s situational awareness is improved significantly. The majority of the Blue vehicles can be plotted (with ID and status data embedded) including those that would be terrain masked to JSTARS or another stand-off GMTI. Further, a large number of untagged (Red) movers are detected. Since all the Blue vehicles are tagged, the untagged vehicles can be considered as hostile. In this case, Blue would be aware of the Red advance because of the tactical GMTI detects the Red vehicles and recognizes that they are not tagged.
We refer to these organic provisions for situational awareness as Close Battle Integration (CBI).
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Blue-Force SA -- Options Compared
Tactical GMTI with RF Tags provides best awareness 

– Sees most of the Blue AFV (not terrain masked; sees 
stationary tagged vehicles)

– Sees advancing Red AFV inaccessible to standoff GMTI
– Has high refresh rate and no outages due to turns
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Notes
• Vehicle counted as in track if 
it was detected in the previous 
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• Plot does not distinguish 
between Blue and Red 
vehicles
• 20 km range for tactical MTI
• 30 seconds to sweep 360 
degree field-of-regard

Presenter
Presentation Notes
The quantitative results of our comparison of GMTI are shown on this chart. Recall that the cases are:
 JSTARS only, standing off 200 km (baseline case)
 JSTARS as above plus all Blue vehicles equipped with DRaFT
 Tactical GMTI plus all Blue vehicles equipped with DRaFT

The plot shows the number of vehicles in track over the duration of the scenario (for reference, there are 767 total AFV). In the baseline JSTARS case, between 100 and 200 vehicles are tracked typically. Of these, the vast majority are Blue vehicles moving in open terrain. In the case with JSTARS plus tagged Blue, 300 to 400 vehicles are seen. Again, they are mostly Blue and include many stationary vehicles in open terrain. In the two JSTARS cases, the periodic dips in the curves are due to the aircraft turns after which all tracks need to be reestablished. With the tactical GMTI system, 400 to 500 vehicles are always in track. Of these, many are Red vehicles that would be otherwise masked by terrain.
The tactical GMTI/DRaFT systems, when combined with tracking data derived from the IUGS, would provide data comparable to that from the fixed instrumentation at the NTC. [With DRaFT on the Red AFV, the positional data would be more complete and more reliable.]
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DRaFT on all Blue 
combatants & IUGS

 Robot Helos w/
GMTI, SAR, IFSAR, 
SIGINT mapper

Projectable IUGS

Robot missile batteries CID

PLT Ldr & 2 Crew

CBT V- 3 Crew
40 LOS/NLOS

FIFV - 2 crew / 9 Infantry
4 LOS/NLOS Missiles

Lead Section

Over Watch Section
AFSS (4 T)
30 Msls to 15 Km

Adv Robotic Recon
System w/ RSTA 
& NBC/Mine Detect

2 to 5 Km
(terrain dependent)

Platoon in Attack

Combined Arms 
Team

Personnel: 31
(12 Crew, 18 Inf, 1 Cmd)

 Integrated robotics

 Network-centric RSTA

 Extended range engagement

Strat/tac air mobility 

Presenter
Presentation Notes
These diagrams portray a portion of future battle space. The advanced force structure and CONOPS proceed from DARPA programs already underway that, if successful, will add significantly to the situational awareness (SA) of the friendly forces, both Blue SA — that is, Blue’s knowing precisely  the location of Blue combatants — and Red SA — that is, Blue’s knowing where Red is. DARPA programs are shown in the “cube” at right: 
The Hummingbird 160 (Robotic Rotorcraft or RR) mounting a CECOM Ground Moving Target Indicator/Synthetic Aperture (GMTI/SAR).  This aircraft is designed to take off, land, and navigate autonomously, using GPS guidance. It has a design ceiling of 9+ kilometers, and a design endurance of 48 hours, with speeds of up to 140 knots. Its GMTI will operate in the k band, have a range of ~ 20 km, and a circular error probable ~ ten meters.
Internetted Unattended Ground Sensors (IUGS), acoustic, seismic or imaging sensors that can be precisely positioned by air-drop or by ordnance (missiles or projectiles).
 A Commander’s Interactive Display (CID) with automated terrain analyses, a portable, flexible, color  computer-display enabling a commander to view highly accurate map-based data, or other graphics, that enables him to operate anywhere on the battlefield independent of any particular platform or location.
Advanced Fire Support System (AFSS), containerized missiles (“rockets in a box”) of ~20 km range with GPS guidance and a range of lethal warheads. Robotic AFSS fire units are positioned by higher headquarters to support a subordinate command, and the latter exercises radio control of when allocated missiles shall be fired, and what targets they will engage.
 DRaFT (Digital Radio Frequency Tags) that will be provided to all Blue combatants so that the GMTI radar aboard the RR can collect the current location of each Blue combatant — dismounted or vehicle crew— and “read” IUGS. 
The  map inset upper left is from TRADOC’s AAN study, and depicts a unit    of two sections: the lead with two combat vehicles, each with RSTA robots; the overwatch with two infantry fighting vehicles, also with RSTA UAV. The team leader operates from a UAV-equipped vehicle, and controls two AFSS robots. The force is internetted, and is capable of  long-range engagement as well as direct fire. In blue grouping in the cube at  right is a “company” team supported by Hummingbirds, and able to employ IUGS. In the AAN force structure, a “battalion” would consist of several such teams, and would report to division — a structure that eliminates one echelon of maneuver command, and several echelons of combat support.
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Robot

Candidates for Layered RSTA    DRaFT

A-160 unmanned VTOL
• 40+ hrs endurance 
• max speed 140 kts 
• ceiling 30k ft 
• payload 300# 
• low signature

Tethered electric robot
• 30” X 45” 
• 30 lbs. gross 
• 15lbs 45 MHz GMTI 
• max alt 300 ft 

⇔

Presenter
Presentation Notes
In FY 98 DARPA’s Sensor Technology Office received a Phase I SBIR for COVER, the system illustrated, mounted on an HMMWV, designed for local security of a small unit. The Aerobot is a VTOL electrically-driven counter-rotating ducted fan, a version of which is in service with the California Highway Department for inspection of concrete bridges and overpasses after earth tremors. One radar proposed would be a 50 watt 45 MHz GMTI with a high duty-cycle and PC-based processing of returns; while a maximum altitude for the Aerobot would be 100 meters, here are  detection data for the sensor 50 meters up:










[“Closure Time” is time following detection for the threat to reach the small unit, based on the following average speeds in km/h: man 3; truck 15; helo 100.] 
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Target

Target

Container Launch
Unit (CLU):
• Wt <3500 lbs
• 15 missiles/CLU
• + Computer & 

Comm Sys (CCS)

PAM:
Precision Attack Missile:
• Multi-mode warhead
• Range 0.5-90 km

- Virtual direct fire <40 km
- Glide trajectory   <90 km

• Fire and Forget (GPS+INS+seeker) 

Loiter/Attack Missile: 
• 40 km;45+mins flight
• 120 sec to 15 km
• Fire & Forget

LAM:• Air-droppable; 
• Lift via C-17, C-130; 
V-22; UH-160; CH-47; 
HMMWV& larger

• Robotically responsive

“NetFires”
Advanced Fire Support System (AFSS)
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NetFires will provide for FCS

In-flight 
update

Detection & 
image to FCS

HMMWV 
“follower”

FCS with 
AFSS 

applique

NetFires goals

Demonstrate two LOS/NLOS weapons
• Rapid Response PAM

– Short time of flight (100s/25km)
– Multimode terminal guidance
– Low cost configuration
– LOAL

• Hunter Killer LAM
– 3-D ladar seeker w/ATR, 

TERCOM
– Significant loiter 
– Multi-mission including BDA

• PAM/LAM
– GPS/INS guidance
– Variable  propulsion
– Terminal guidance (end game)
– Midcourse update through 

networked 2-way data link
• Platform independent launcher
• Container command  and control

Potentially 
reengineers close combat. 
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Base
TODAY

TOMORROW
Base

Joint/JTF

C2
VTC
Intel

Imagery
CSS

100s 
Mbps

Forward

XX

C2
Intel

Imagery
CSS

Mbps Mobile

C2
Intel
CSS

100s Kbps

Joint/JTF

C2
VTC
Intel

Imagery
CSS/TAV

10s 
Gbps

Forward

XX

C2
Intel

Imagery
CSS/TAV

VTC 
Collab. Planning

Telemedicine
Mod. & Sim.

100s 
Mbps

Mobile

C2
Intel

CSS/TAV 
VTC

Targeting
Imagery

Situational 
Awareness

10s Mbps

1-10 Kbps
Limited

Range/Mobility

100s Kbps
C2

On-The-Move

Broadband Communications for Close Battle

Presenter
Presentation Notes
Army and Marine communications systems supporting small units deployed for combat on land are currently able to support only a fraction of the projected future data rate requirements. In broad terms, the magnitude of the shortfall ranges from a factor of up to fifty (50) at the tactical radio level, to a factor of four (4) at the upper echelons.
Such gross shortfalls in capability are of particular concern when DoD is developing the future warfighting strategy envisioned by JV2010 that relies heavily on the timely delivery of information to forward deployed forces. The realization of JV2010 will undoubtedly involve the broader dissemination of information. There will also be a dramatic increase in information from local sensors, as well as the use of interaction technologies such as VTCs and collaborative computing. These requirements, and advanced applications in telemedicine and simulation, can only be supported if communications capabilities for small units are increased dramatically.
In response to recommendations from the Defense Science Board, OSD and DARPA launched a program to enhance the combat power of small tactical units with communications that support dramatically improved Situation Awareness, even during operations in difficult terrain, particularly in multipath environments such as cities and steep, broken ground. Termed the Small Unit Operations Situation Awareness System (SUO SAS), the DARPA program aims at creating a hemisphere of sentience around the unit enabling its commander, when confronted with a threat, to engage with deft maneuver and overmatching fires, or to evade with confidence.   
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Presenter
Presentation Notes
On the chart are depicted three possible approaches to supporting networked forces in the Army of the future, arrayed from lower right (near-term) to upper left (far-term) operations.
A DARPA program called Small Unit Operations Situation Awareness System (SUO SAS) [lower right] is presently being transitioned to the Army, and will produce prototypes for testing within the next three years. Within five years the Army could field a wearable communications device of weight about two pounds, size about 60 cubic inches (e.g., 6in x 8in x1.25in). Designed expressly to support non-hierarchical network communications, SUO SAS will provide simultaneous network services ranging from 128kbps video streams, through voice and data. It will have the capability to interact with airborne communications relays and with satellites, and will do so with high anti-jam and low probability of detection. Its software will automatically change frequency anywhere from 20 MHz to 2.5 GHz to penetrate buildings or operate in jungles. The radio transmits positional data derived from GPS, an inertial device (INS), and time-of-arrival dtate (TA). 
Beyond SUO SAS, DARPA is considering a program to build a wireless system that can sense spectrum utilization, and pass packets among network nodes within communication streams being used by enemy or neutral transmitters — a capability particularly apt for force-projection. 
And even further out are commercial developments based on using very short bursts across the entire spectrum —ultra wide band(UWB). Experiments are underway with radar using UWB that shows promise of being able to produce imagery through masonry walls.
Urbanograd [upper left]is a very large urban center in a developing country, and like most others is laced with wires for telephones and electricity. U.S. forces have plug-in devices that allow them to use extant wires for UWB networks of disposable, low power, unattended sensors to control open spaces and buildings cleared of enemy and civilians.
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Presentation Notes
General John Shalikashvili, when he was CJ�CS, stated that a commander requires “a fused-real-time, true representation of the battlespace — an ability to order, respond and coordinate horizontally and vertically to the degree necessary to prosecute his mission…” The state of the art in the Army requires the commander himself to fuse inputs from at least six stovepipes that terminate in a a large facility called a Tactical Operations Center (TOC). The Army has spent millions on standardized TOCs, arrays of vehicles and canvas shelters equipped with large numbers of computers and powered by many generators, difficult to set up, to maintain in operation, and to move.
What the commander needs is a display fusing the several inputs of the tactical internet that he can carry with him wherever he must operate — in a vehicle or aircraft, on the ground, or in a cellar. TOCs must give way to distributed command and control that provides the commander, through reachback, a “virtual battle staff” always at his shoulder, and organizes and presents critical information on terrain, on his own forces, and on enemy activity vividly, promptly, and tailored to his own style of command and requirements for information. It must serve his needs for current operations and support his giving guidance for the development of future plans. It should also serve as a primary means of training him and his staff, and of rehearsing operations.
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FCS: Future Covering Force
• Strategic Precursor for arrival of “heavier” forces

– Superior strategic mobility 
− Seize and defend strategic access facilities
− Forestall enemy positional advantage
− Set conditions for operational initiatives

• Enabler of surprise reversal of regional force balance
− Deter
− Be demonstrably lethal and survivable
− Deny enemy Kosovo-like “hide” options 
− Act as force multiplier for follow-on forces

… Protect RSOI and rapid advance
… Exploit superior operational, tactical maneuver
… Extend range of conventional DS fires
… Shape decisive engagements 


	Future Combat Systems�An Army ($509 m)-DARPA ($406 m) Program ’01 thru ’05
	Slide Number 2
	Slide Number 3
	CONOPS (O&O) Enablers
	Toward New Team CONOPS (O&O)
	Sensor-Derived Info �
	Slide Number 7
	Close Battle is the Payoff
	Terrain Masking of JSTARS at NTC
	Hypothesis: Blue Needed Organic Sensors
	IUGS, DRaFT Simulated w/ 97 AWE Data
	Radar-read IUGS Can Plot Red AFV
	Theater-level MTI Limited to Macro-detail
	JSTARS+DRaFT Improves Blue Data
	Tactical GMTI+DRaFT = Reliable SA
	Blue-Force SA -- Options Compared
	Slide Number 17
	Candidates for Layered RSTA    DRaFT
	Slide Number 19
	NetFires will provide for FCS�
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24

