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Good Morning. My name is Stephen Welby and I’d like to spend the next few minutes discussing a concept being worked in the DARPA Special Projects Office we call networked targeting. I’d like to briefly describe what we mean by networked targeting technologies, discuss two programs that are applying the networked targeting concept and mention some emerging opportunities in this area.
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U.S. forces currently hold an unprecedented capability to target and engage an opponent over the full depth and breadth of the modern battle space. Opponents must now consider any fixed facility to be at risk to U.S. forces at any point during a conflict. In reaction to this capability, potential opponents have been increasingly relying on mobile surface systems such as mobile surface-to-surface missiles and rockets, mobile air defense systems and mobile command, control and communications systems. 

The survivability of these mobile threat systems depends on their ability to perform their missions and disperse before U.S. systems can target and engage them. This places a significant premium on technologies that permit U.S. forces to dramatically reduce cycle time to respond to short dwell, moving or mobile threats. 
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Networked targeting technologies seek to address this challenge by enabling multiple sensors, weapons and C3I nodes to communicate over robust networks to permit rapid precision targeting and engagement of short dwell, moving or mobile threats. This capability leverages existing and planned investments in robust platform-to-platform and platform-to-weapon data links to permit fusion of targeting information from multiple platforms in real time for precision engagement.

Under the networked targeting concept, multiple sensors, with differing fields of view, collaborate in real time to rapidly provide a single correlated targeting solution against a mobile or moving threat. These sensor-sensor and sensor-weapon networks permit synchronization of multiple platforms to yield more timely and precise targeting solutions than those from single sensor platforms. Enhanced strike precision offers significantly improved lethality and effectiveness while minimizing the risk of collateral damage. 
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I’d like to briefly address today two ongoing programs in the DARPA Special Projects Office utilizing this networked targeting concept: the Affordable Moving Surface Target Engagement (AMSTE) program and the Advanced Tactical Targeting Technology (AT3) program. 

AMSTE utilizes networked targeting concepts to couple multiple ground moving target indication radars to permit robust, precise multi-laterated tracking of surface targets. These precision tracks can be passed to a low-cost precision weapon and updated in-flight to permit precision engagement.  AMSTE is focused on holding moving targets at risk.

AT3 utilizes networked targeting concepts to couple multiple aircraft threat warning receivers to permit rapid, precise geolocation of threat emitters. These emitters can then be rapidly engaged with low-cost precision weapons. AT3 is focused on holding short dwell emitter targets at risk.
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AMSTE is focused on extending U.S. capabilities to permit standoff engagement of surface threat targets while they are on the move. AMSTE will deny opponents the sanctuary of movement. AMSTE will permit targets to be engaged not only during brief durations while mobile threats are stopped, but throughout their full exposure timeline to U.S. sensors. Tactics used by threat systems today to avoid targeting (utilizing hide sites, transiting to mission locations, tearing down rapidly to transit to reload or alternate attack positions) will be ineffective against AMSTE technologies. Networked targeting concepts for moving target engagement are able to leverage improvements in a number of supporting technologies. These include: 

1)
Current and planned highly-capable GMTI radar sensors;

2)
Current and planned precision guided weapons;

3)
Tactical communications networks such as Link-16; and

4)
High performance processors, which enable computationally complex tracking approaches to run in real time.

AMSTE seeks to integrate these emerging capabilities using a system-of-systems approach, creating a networked targeting backbone connecting sensors-to-sensors and sensors-to-weapons to support precision, rapid engagement of movers.
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The goal of the AMSTE program is to develop and demonstrate the operational capability described in the top box: the ability to target moving surface threats from long range and rapidly engage with precision, stand-off weapons. From this overall goal, three critical characteristics of an AMSTE solution fall out. To provide all-weather capability AMSTE must provide a radar-based capability, and to achieve the desired precision, multiple GMTI sensors must be coupled together. To provide precision targeting, AMSTE must perform high quality tracking of individual target vehicles from nomination through engagement. To provide the precision desired for low-cost GPS-guided precision weapons and to minimize collateral damage requires high geo-precision endgame tracking and an ability to provide aim point updates to a weapon in flight. The AMSTE concept addresses the full kill chain from nomination of a target through to final endgame.
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This chart lists a series of critical challenges that AMSTE will need to address to be successful. Each of these will be addressed and solutions demonstrated in a systems context as we proceed into the next phase of this program.
Track accuracy will be addressed in a number of ways. First, the use of tactical networks will allow data from multiple GMTI sensors, viewing a moving target from diverse geometries, to be fused. The application of multilateration techniques permits highly accurate sensor range information to be combined to provide precision target geolocation. This fusion takes place within advanced tracking algorithms, which maintain multiple models of target behavior to provide robust track against maneuvering targets.

Precision weapons delivery in AMSTE is enabled by providing a weapon in flight with target position updates derived from precision trackers utilizing standoff sensor data. These updates can be provided to the weapon over weapon data links, making the weapon another node within the targeting network. Within an AMSTE architecture, weapons with low cost seekers may be utilized to achieve even finer precision. Very low cost seekers may be utilized, as the AMSTE architecture will provide the seeker a very tight handover basket, reducing seeker workload.

Critical to the AMSTE concept is the ability to preserve the Combat ID of a particular target under track from nomination through endgame. This requirement for track maintenance has led to work on feature-aided tracking, which utilizes target signature features to enhance track association performance.

Finally, to achieve the desired affordability, AMSTE will need to make effective use of existing capabilities. AMSTE is focused on the modification, integration, and application of these emerging sensor, weapon and network subcomponents to achieve new system-of-systems capabilities.
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The AMSTE program has just completed Phase I, which focused on four areas: Weapons System Trade Studies (WSTS), Precision Fire Control Tracking (PFCT), Data Collection to Support Analysis and Testing, Advanced Technology Studies, and White Papers.
The Weapons System Trade Studies contractors evaluated system trade-offs associated with a number of notional AMSTE architectures. These architecture studies showed that current and planned GMTI sensors, data links and communications capabilities could be integrated to support an AMSTE mission.

Under the AMSTE precision fire control tacking effort, advanced tracking algorithms were developed, and tested using collected and simulated data. This work showed that the AMSTE goal of sub-10 meter precision moving target location was achievable with multi-laterated GMTI data.
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DARPA/SPO is completing initial studies and experimental efforts to better understand the problem:

· Weapon System Trade Studies (WSTS)

· Precision Fire Control Tracking (PFCT) Studies

· Field Data Collection Activities

AMSTE Phase II will:

· Perform system analyses

· Address key technical challenges and design options

· Design, build, and demonstrate a precision fire-control experimentation system capable of real time operation

· Prepare the ground for complementary efforts which address long-term target tracking and BM/C3 issue

AMSTE Phase II will be executed in a series of one-year development and integration stages, each culminating with a capstone field experiment. The intention is to grow the AMSTE capability through spiral development, with annual evaluation in a series of increasingly challenging scenarios.

In Late FY01, AMSTE II will conduct its first field exercise, which will include the delivery of a live weapon against a moving target through the use of the AMSTE networked targeting approach.
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The AT3 program is developing and demonstrating the technologies required for lethal Suppression of Enemy Air Defenses (SEAD). The specific focus is on mobile SAMs that employ shoot-and-scoot tactics. 

The AT3 approach is to network receivers on platforms of opportunity to provide for very rapid target geolocation with sufficient precision to employ generic shoot-to-coordinate weapons. This capability will allow us to counter the common tactics of emitter shutdown and rapid relocation.

An example AT3 networked targeting process would proceed as follows:

(1)
An AT3 collector (fighter, UAV, other) detects/classifies a target emitter (includes SAM engagement radars as well as the associated Early Warning surveillance radars). 

(2)
It broadcasts requests (target type/RF parameters) for emitter collection from other AT3 collectors.

(3)
Responding AT3 collectors in the area automatically tune, collect, and relay appropriate measured parameters and own position and velocity.

(4)
The multi-ship data reports are collected and processed to estimate target position.

A wide array of targeting processes and algorithms are being explored in the AT3 program, all focused on resolving the daunting technical issues associated with this lethal SEAD concept. 
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These are primary technical challenges that AT3 faces.
AT3 must function opportunistically in emitter sidelobes at significant ranges. Accordingly, highly sensitive receivers with high dynamic range are needed. These receivers will “hear” many emitters in the theater of operation and must have the capability on their own or through the network to establish common pulse trains very rapidly with sparse or low signal-to-noise ratio data. Very precise time and frequency measurements must be made to support ambiguity resolution and geolocation precision. Additionally, highly precise navigation is required to register all participants in seven dimensional (position, velocity, time) space.  

Also needed is a quick reacting tactical communication network with access management to minimize latencies and data compression to reduce traffic load. The AT3 program is exploring existing Link-16 and potential future capabilities. I will discuss this topic further in a moment.

All of this must occur in an environment that includes multipath and must work against systems that are highly agile. A number of techniques that leverage the multi-ship nature of AT3 are being developed to ensure robustness in the most stressing environments against the most stressing threats.

Slide 12

The AT3 program has completed its first phase. During this phase a great deal of simulation and analysis was performed, critical hardware components were developed and demonstrated, Link-16 network loading was established, and finally multi-ship data collections were conducted.

The data collections focused on a few critical issues: platform-to-platform decorrelation from electronically or mechanically scanned systems, multipath, and geolocation performance. Realistic emitters were used and all technical objectives were achieved. These tests were conducted with a combination of legacy hardware, new AT3 hardware and off-the-shelf navigation solutions. The geolocation results were as expected, given the hardware employed. Time Difference Of Arrival errors of less than 50 ns were demonstrated. Challenges remain to reduce Frequency Difference Of Arrival (FDOA) errors in some cases to below 10Hz.

Both inter- and intrapulse multipath was observed and mitigation techniques were demonstrated.

A variety of algorithms were employed on the data and valuable insights were gained regarding the impact of precision navigation limitations and approaches. These efforts laid the foundation for the current phase. 
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Phase II of AT3 is underway and it consists of two parts. Raytheon is developing a data collection and demonstration system that will fly in FY02. This system will be capable of demonstrating the AT3 performance goals in the air in real-time. It will also be highly instrumented and will be able to collect data to explore a very wide range of multi-ship tactical targeting approaches.
A parallel effort is focused on algorithm development, simulation, and data analysis to tackle the most stressing AT3 challenges. These include, but are not limited to: robust geolocation in the presence of receiver platform accelerations, emitter antenna rotation, and low signal to noise ratio; dense pulse de-interleaving; highly agile emitters; and on-the-fly multi-ship calibration. Data from the data collection platform will be used to validate all algorithms. We welcome anyone who has any novel approaches to exploring the limits of this class of multi-ship tactical targeting of emitters.
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In some cases, networked targeting performance is limited by the capacity, latency, and rigidity of existing tactical networks such as Link-16. For instance, promising cross-platform coherent approaches for targeting emitters can take tens of seconds to reach a solution simply due to the data transfer limitations. To fully exploit the promise of networked targeting, advances in tactical networks are required. The network must now be thought of as an integral part of the targeting systems and therefore an integral part of the overall weapon system.

Future applications will require an order of magnitude or more data transfer capacity and the ability to dynamically allocate resources. To support the targeting of fleeting threats such as movers and short-dwell emitters, latency must be driven to zero. Additionally, the state-of-the-art in tactical network planning and management must be advanced substantially. And finally, enhanced capability must seamlessly “plug into” legacy systems and operate in a transparent manner. This is quite a challenge. SPO has been exploring ideas on how one might introduce a wideband CDMA underlay into Link-16. We are very interested in new ideas to address the networking challenges I’ve outlined.
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DARPA SPO is pursuing Networked Targeting through application programs such as AMSTE and AT3.
Both of these programs share the concept of dynamically coupling multiple sensors to permit precision targeting though each addresses a different application domain, with different challenges and technology requirements.

Networked targeting requires a different approach to technology development; one that focuses on integrating systems-of-systems and examining cost/benefit trade-offs across the networked system architecture. These concepts also offer excellent promise for early experimentation with operational users to develop concepts of operation and tactics to best utilize networked targeting capabilities.
