DARPA's Dynamic Database Program (DDB) is developing aggressive new technology to efficiently convert large volumes of overhead and airborne multi-sensor data into actionable information for tactical commanders.  This program is entering its third year so this is a brief on current status.

The first thing you need to know about DDB is that it’s not a database program - it's a sensor fusion program.

The DDB challenge is to deal with the problem of ground moving targets in a brigade size area - nominally 30Km x 30Km.  Typically such an area may contain thousands of ground moving targets or objects.  The DDB goal is to discover and maintain awareness of the location, kinematics, tracks and identifications of large numbers of objects over a wide area.

Data relevant to the battlespace are currently collected with a broad variety of sensors, i.e., SAR, EO, IR, SIGINT, and GMTI.  These sensors are capable of producing large numbers of reports in a range of different formats.  The relevance of these reports is of critical interest to a tactical commander, but the skills or tools required to interpret the data resides with specialists, is manually intensive, and is highly stove-piped.

DDB will provide the automation to translate relevant data from a sensor perspective to a tactical perspective that commanders can relate to - that is, a timely and comprehensive, map-based view of all objects in the battlespace.

The key technologies being pursued by DDB are indicated here.  We are leveraging IMINT, SIGINT and GMTI sensors plus NIMA products such as DTED.  Our solution is to first perform automated geo-registration of all sensor data to a common targeting grid, this is an essential enabling process for follow-on fusion functions.  NIMA products, in particular, DTED - Digital Terrain Elevation Data, CIB - Common Image Base, and FFD - Feature Foundation Data, are used as the reference data in the registration process.

Second we implement Multi-sensor Change Detection across all sensor data, IMINT, MTI and SIGINT, to find significant objects in the battlespace.  Normalcy models, built on-the-fly, characterize background which is routine or unchanged, to serve as the reference for change recognition.  The products of the change detection processes are integrated by the All-source Track and ID Fusion algorithm - ATIF.  ATIF aggregates all position, kinematic, and identification features to estimate tracks of all objects.  The unique feature of ATIF is the capability to maintain vehicle tracks through move - stop - move cycles.  The product of this process is first, a consistent view of battlespace activity for tactical commanders and second, requests to the collection management process for additional sensor allocations to resolve ambiguities.

Within DARPA, the technology for managing ISR assets is being developed under a program called AIM, Advanced ISR Management.

I said this wasn't a database program but we are addressing database technology and we are building a number of important features including an architecture designed to enable database support to fusion processing.  The database leverages a commercial object-oriented database product which we have expanded to address a number of military-unique functions.  These unique requirements include spatial-temporal indexing, efficient search and retrieval, selective purging, and support for assorted space-time and ad hoc queries consistent with user needs.

The architecture is built on an open system paradigm.  Source data are ingested, registered to a common geospatial reference, and stored as logically separate Sensor History Databases.  This data is unmodified except for the registration transforms.  The sensor data are available for processing by applications (e.g. change detectors, all source track & ID fusion). I'll discuss these later.  These algorithms operate in near-real time.  Their derived products, along with the pedigrees relating process results to source data, are placed in a situation history data store, available for visualization.

DDB's Registration approach utilizes all sensor types along with NIMA products such as DTED or CIB.  The primary product is registration of all sensors to a common targeting grid with absolute geospatial accuracy on the order of 10 meters, depending on the source data.  This is performed by identifying invariant features in all sensor modalities for use as match points.  For example, a stationary rotator that emits can be detected by MTI as it sweeps, "seen" by IMINT and "heard" by SIGINT.

A second product, required to satisfy the needs of downstream image processing is relative geo-registration accurate to approximately 1 meter.  This is achieved through a process of registration refinement.  Our registration process also embodies the notion of a dynamic reference (or fiducial).

In general NIMA products are qualified as reference data and can be used to refine the accuracy of sensor data.  DDB takes advantage of this feature, for instance, in using road networks to refine the accuracy of MTI tracks.  In certain instances, however, it is possible that sensor data is more accurate or up-to-date - in such cases, sensor data will be used to refine the relevant DTED or CIB.

The next three slides will outline DDB's approach to performing change detection for each of the sensor types.  Change detection in DDB is built on the notion of a normalcy model which captures routine background occurrences collected before engagements take place, and updated on-the-fly, with continuing sensor collection.

This slide illustrates elements of DDB's SIGINT change detection approach.  Under SIGINT we include both COMINT & ELINT techniques.

We have developed a number of new approaches.  The first is:  capability for multi-platform correlation.  This capability is designed to exploit data from platforms not previously intended to operate with each other.  The result is improved location, parameter measurement, and tracking accuracy.

Secondly we have developed methods for capturing emission densities and emission profiles which characterize normal background behavior over time and enable recognition of military emissions during periods of heightened activity.  These densities and profiles are derived from automated analysis of broad electromagnetic and acoustic spectral data.

We have also developed new techniques for deriving tactical relationships from spatio-temporal analysis.  These relationships enable near-real-time recognition of tactical communication networks and tactical event sequences as they occur in the battlespace.

DDB's GMTI change detection approach, illustrated here, will improve the ability to detect and track dynamic ground forces.

We have added new capabilities to current technology.  First, we have developed multi-platform tracking to overcome terrain intervisibility limitations and loss of track during turns.  As with SIGINT, this capability is designed to exploit data from diverse MTI platforms; it also leverages a robust registration capability.  Overall gain is measured in reduced track segmentation and improved location accuracy.

Secondly, we have evolved and implemented the notion of a trip wire sentry to measure traffic flow densities that will be used to establish normalcy, and which enables two significant new possibilities.  These are:  flow change detection to recognize movement trends in the battle space; and motion pattern change detection to discover new roads that were not previously known and to detect off road traffic that may be tactically significant.

IMINT change detection is designed to operate on all imaging modalities - electro-optic, infrared, Synthetic Aperture Radar, as well as hyper- spectral.  The approach exploits multi-sensor, multi-look, and multi-temporal imagery using a unique combination of image level and object level change detection algorithms to provide real-time recognition of object presence and extraction of identification features.  Real-time performance is achieved by separating the detection process from the computationally intensive classification process.

Object detection is achieved by building normalcy representation from successive looks at each region and by applying multiple parallel detectors to each image type.  The parallel image-level and object-level detectors provide independent estimates of object likelihood which are then integrated in a change fusion algorithm.

The use of multiple complimentary algorithms, and normalcy models, along with context, results in a significant increase in Pd or reduction in FAR.  It also provides robust performance under extended operating conditions such as scene diversity, partial obscuration, and target adjacency.

The All Source Track and Identity Fusion (ATIF) component takes as input MTI, IMINT, and SIGINT tracks.  It produces as output all source tracks by associating the input tracks, and then fusing the corresponding kinematic and attribute state information.

From a tracking perspective, ATIF has two primary benefits.  The first is that it improves track continuity.  It enables the warfighter to maintain target track longer because ATIF can track through move – stop - move cycles.  This is a unique capability which leverages complementary sensor observations from targets while they are in different motion states: MTI and SIGINT while targets are in motion, IMINT and SIGINT while targets are stationary.  The result is improved user understanding because they have fewer track fragments to interpret.

The second primary benefit of ATIF is that it improves state estimates.  Target classifications are improved via fusion of ID features across INTs and over time.  This is illustrated by considering MTI-based mover tracks which can be provided with target identification information via association with SIGINT and IMINT observations.  Kinematic state estimates are also improved via fusion of position and kinematic data across INTs and over time - for instance, consider a SIGINT track (typically high identification confidence but poor positional quality) that can be associated with MTI and IMINT observations for improved kinematic estimation.

The DDB program is a complex one.  I have touched on a number of the algorithms and functions we are addressing.

This chart provides something of a summary by way of showing Algorithm Relationships.  (I should note it also includes some algorithms I have not discussed.) As there are many more feedback and cross-cuing possibilities than we have currently explored it should not be viewed as a "wiring diagram.”  It does serve to illustrate the major areas of development.  MTI, IMINT and SIGINT data are co-registered to terrain information in the form of DTED, CIB, FFD.  Co-registered multi-sensor data is used to rapidly update terrain data and to create Normalcy Models.  Change Detectors, in each of the sensor modalities, uses its normalcy model as the reference to process subsequent data and to recognize the presence of new objects or to declare when significant change has occurred.  ATIF fuses all the observed data into an integrated track file that, for the first time ever, enables track of ground movers through their "move-stop-move" cycles and identifies the objects.

The overall product is what we call "Object Discovery" - that is, the best available estimate of the location, the kinematics, and the identification of large numbers of objects (potentially 1000s), over a wide area (nominally 1000 square km.).

A major demonstration of DDB technologies was conducted this year on 13-14 June. Key technology accomplishments included:

- The proof of concept to automatically perform co-registration of GMTI, SIGINT, SAR, EO and IR data.

- We demonstrated the ability to perform change detection across multiple sensors, leveraging multi-platform, multi-aspect fusion to provide improved object change detection and tracking over wide areas and at usable false alarm rates.  A limited list of the gains is provided on this chart.

- We demonstrated an All-source Track and ID Fusion algorithm which provides a unique new capability for move-stop-move tracking.

DDB technology is being looked at closely by the Services and agencies as the basis for addressing a broad range of data management, processing, and multi-sensor fusion technology problems inherent in supporting tactical operations with timely and relevant information.  These include time critical targeting, coordinated strike, and timely processing and exploitation of theatre and national sensors.

I thank you for your attention - if you have questions or comments, I would enjoy hearing from you; I'll be in the area - please see me.

