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OBJECTIVE OF PROJECT:  The project objective is to make a significant contribution towards developing a more complete human centered perception algorithm that focus on the target acquisition and engagement process and include the use of various engineering level models for sensory input, e.g. ACQUIRE. 

Most force-on-force models today use some implementation of the ACQUIRE model to support target detection and the follow-on stages of target discrimination. The ACQUIRE model was originally designed and developed to support development and evaluation of a variety of sensors.  As we move towards more robust simulation of individual dismounted combatants, as for example through autonomous agents, we have a need to consider the human in greater detail, both from the perspective of a target being acquired and as the agent doing the acquiring. This requires augmenting the ACQUIRE methodology to represent the integration of sensor data and other perceptual inputs to provide a “mental model” of the individual combatant’s target environment, and further, the use of that model in target engagement. 
 
The target acquisition process for the dismounted infantryman and small unit reflects the need to discriminate cues from the very complex MOUT environment, aggravated by time pressures, the effects of fatigue, the varied presentations that the targets may take, and many other factors. Representation of the target acquisition process in this domain requires the development and implementation human perception algorithms that account for many important human variables. The National Research Council (Pew and Mavor, 1998) conducted a panel study on modeling and simulation of situation awareness for military applications. This proposal aligns well with their conclusions (Pp 199-200) and short-term goal of “Include explicitly in human behavior representations a perceptual “front end” serving as the interface between the outside world and the internal processing of the human behavior representation.” 


There is an urgent need to provide for a more complete representation of many of the factors that are important.  A methodology that incorporates models of human perception and cognitive processing with engineering models, such as ACQUIRE, offers a significantly enhanced representation of the actual knowledge acquisition process central to target acquisition and engagement. This will also support the inclusion of robust Human Behavior Representation (HBR) into combat simulations. These enhancements are needed to allow combat simulations to address the integration of information technologies (sensors, computers, displays, etc.) with other warrior systems equipment, and assess the value of these systems from an operational perspective. This effort would develop a conceptual architecture and algorithms that will bring additional, human centered factors into the target acquisition process and allow for additional factors to be included at a later date. The accomplishment of this effort will require participation from several agencies and should benefit developers of the IUSS, AIMS, Combat XXI and others, such as; OTB, JCATS, CAEn and possibly legacy simulations.  

PRODUCTS/DELIVERABLES AND ESTIMATED COMPLETION DATES:  

1.) Documentation of the stated needs of the combat simulations developers (2Q/03). 
2.) A listing of factors with rationale that must be considered for a robust, human centered representation of the target acquisition process (3Q/03). 
3.) A first generation architecture and conceptual model. It will identify the relationship between factors and their relationships between independent variables and the target acquisition process (1Q/04). 
4.) Computer algorithms and / or models with API’s (4Q/04). 
5.) Documented research findings, Verification and Validation (V&V) activities, data mining and collection activities, algorithms, data structures, software code and API’s (1Q/05). 


In each case, the recipient is the IUSS STO manager, the developers of Combat XXI, DISAF and the MOUT Fact. 


TECHNICAL APPROACH:  A systematic approach involving several different agencies would be required, as the requisite expertise does not reside at any single location. The NSC would work closely with ARL-HRED, NVESD and the developers of other combat simulations. ARL-HRED and NVESD have both agreed to be partners in the execution of this effort and will be provided funding.  NSC would bring overall program management, data collection and MOUT modeling expertise. ARL-HRED would bring expertise pertaining to the human system and data collection. NVESD would bring experience pertaining to sensor modeling, data and imagery and perception study results. Any MOUT field experiments would include DBBL participation.  Developers of other combat simulations would also be included to determine the best methods of addressing their needs.  This project will also attempt to directly leverage work being conducted by the Human Science Data Collection Project, the Pathfinder ACTD and the U.K. Ministry of Defense. 

Among the numerous factors that we propose to consider in the representation of target acquisition include:  


· Target contrast, lighting, target area, sensor characteristics, target movement, range, partial obscuration and other factors, 
 

· Various stages of target discrimination (Detection, Classification, Recognition & Identification) and would include estimates of the time it would take (or P(A) given a time) and the level of confidence that the discrimination event is correct, 


· Individual target acquisition performance as dependent upon individual cognitive workload and diverted attention, 
 

· Cognitive workload as dependent upon scene complexity, military task, military task complexity and operational tempo, 
 

· Human perception and include shape recognition and/or expectations, 
 

· Includes a 360 degree field of regard with some form of scanning and field of view that approximates a humans (or sensor system), 
 

· An auditory component, 
 

· Cues that potentially affect focus of attention, e.g. muzzle flash or foot steps, 
 

· Time history of target presentation(s), 
 

· Changing and intermittent use of sensors,  


· Information from other sources (communications) leading to a shift in focus and affect one’s ability to detect and discriminate targets (better or worse), 
 

· Cue recognition, pattern recognition, familiarity with the terrain location and personal experience, 
 

· Different light conditions in different parts of the environment, e.g. (dark rooms), 
 

· Lighting contrast (shadows) and direction of the light source to affect perceptions, 
 

· Loud noises, image intensifier blooming, eye adjustments & physical movement to impact ones ability to sense and act, 
 

· Effects of fatigue leading to inattention and a change in performance, 
 

· Changes in an individuals psycho-physiological state (stress) impacting upon an individuals performance, 
 

· Assessment of an individuals perceived intent (hostile or not) based upon cues, 
 

· Team dynamics impacting upon performance, 
 

· Targets beyond the typical personnel & vehicles, e.g. buildings, windows, smoke clouds and others,  


· Characteristics of the eye (sensor). 

Specific actions are outlined: 

· Identify the needs of the combat simulation developers (the developers of DISAF, Combat XXI and IUSS have been coordinated with).
 

· Refine existing factors and identification of additional factors that must be considered for a robust, human centered representation of the target acquisition and engagement process. 

· Review of existing literature for linkages between identified factors to the various stages of the acquisition and engagement process. 


· Develop a first generation conceptual model identifying the relationships between independent variables and this process.  


· Determine which of the factors are most relevant based upon research findings, needs of and ability to link with identified combat simulations, and availability of data. 


· Determine how engineering type models, such as ACQUIRE, should best fit into the overall architecture. 


· Begin to populate the model with the highest priority factors. 


· Determine possible methods of linking to combat simulations. 


· Validate the model to the maximum extent possible using existing data from sensor, camouflage and situational awareness studies.  


· Obtain or develop test methodologies needed to collect additional data to validate the conceptual architecture.  


· Collect additional data. 


· Adjust model as appropriate. 


· Develop computer code and API’s. 


· Document findings, algorithms, data structures, software code and API’s. 
 

Data would be needed to support development of the conceptual architecture and V&V activities. The data needed would show interactions between variables and linkage of the independent variables to target acquisition. Discussions with personnel involved in using ACQUIRE and evaluation of camouflage systems indicate that significant efforts have been expended over the last several years to collect data related to improving some of the input values used in the ACQUIRE methodology for a variety of operational circumstances. Tests have also been run to support development and assessment of camouflage patterns. Additional data elements are expected to be collected to address how factors such as diverted attention and the human psycho-physiological state affect perceptions and the acquisition process.  Data from previous and ongoing studies will be used to the greatest extent possible.  Examples include current work related to assessments of soldiers’ situational awareness and USARIEM’s work looking at the effects of caffeine on vigilance. 

MILESTONES: 

1.) Identify the needs of the combat simulations developers (2Q/03). 
2.) Determine methods of linking to combat simulations (2Q/03). 
3.) Conduct SME interviews and review existing literature for linkages (4Q/03). 
4.) Refine existing factors and identification of additional factors (4Q/03). 
5.) Obtain extant data (4Q/03). 

6.) Develop a first generation conceptual model (4Q/03). 
7.) Determine which of the factors are most relevant based upon research findings, needs of and ability to link with identified combat simulations, and available data (1Q/04).  

8.) Develop an updated generation conceptual model (1Q/04). 
9.) Begin to populate the model (1Q/04). 
10.) Obtain or develop test methodologies needed to collect additional data (1Q/04). 
11.) Collect additional data (2Q/04). 
12.) Adjust model as appropriate (3Q/04). 
13.) Develop computer code and API’s (4Q/04). 
14.) validate the algorithms and model (1Q/05). 
15.) Document and provide findings, algorithms, data structures, software code and API’s (1Q/05). 

EXIT CRITERIA: 
Current:  Target acquisition is based upon current Acquire methodology with detection, recognition and identification based upon the number of resolvable cycles.  

Minimum Acceptable:  Incorporation of cognitive workload and attention, with short term (5 min<) memory for cues and target position data.

Goal:  Full incorporation of situational awareness and multiple perception channels (e.g. audio, visual) with target history and projected target behaviors.

