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OBJECTIVE OF PROJECT:  

The results from this research will provide a “first step” in the characterization of MOUT activities as it relates to target acquisition (i.e., target search and target identification).  This proposal was developed with the feedback from the MOUT FACT.  Since target search and discrimination are complementary and dependent, this proposal was re-written to include work in three areas: urban threat assessment, MOUT target discrimination, and MOUT target search.  Each of these areas provides two steps or “proofs-of-concept” to contribute to an overall ACQUIRE methodology for MOUT.  The original proposal was dependent on two other proposals, so our revision reduces the research from an overall model for the characterization of MOUT search to smaller tasks that make significant modeling contributions.  The result is a lower cost, two-year proposal.

As stated above, this proposal includes six research tasks covering three research areas: urban threat assessment, MOUT target discrimination, and MOUT target search.  The first task determines the appropriate target activities to be modeled, derived from user input and analysis of human activities that would indicate a present threat.  The second task obtains relevant imagery from MOUT activity sites and potentially enemy locations to provide a database for perception experiments to determine what to look for where in the imagery.  The third research effort includes modeling the discrimination of small single-handheld items such as guns, knifes, cell phones, etc in the visible, infrared, and image intensifier bands.  The fourth research effort models the discrimination of two-handed items such as rifles, rocket-propelled grenades, brooms, etc.  This research also covers visible, infrared, and image intensifier bands.  The third and fourth research efforts result in an acquisition model that allows the design, analysis, and war-gaming of electro-optical, image-intensifier, and infrared imagers for the discrimination of hand-held items.  

The fifth research task is comprised of a field-of-regard (FOR) search experiment where an observer is tasked to find a single human in a 360-degree environment.   The purpose of the experiment is to compare the MOUT search process for four bands (visible, image intensifier, MWIR, and LWIR) in the day and in the night.  The experiment uses existing experimental interfaces comprised of high quality monitors with joystick control.   The sixth research task provides a survey of both academic and industry resources for the development of virtual reality search experiments in the MOUT environment.  In particular, a comparison will be conducted for the use of human action simulations, gaming engines, and playback of recorded FORs in a virtual reality environment.  Emphasis will be on provided high quality experimental approaches for reasonable costs.  The results of this research provides a roadmap for the development of sophisticated MOUT search experiments in virtual reality environments.

Background and technical description of the problem:

1. The U.S. Army Night Vision and Electronic Sensors Directorate (NVESD) has been developing target acquisition imager and search models for four decades.  These models have been improved over this period and they have become more accurate and robust than the equivalent surveillance and reconnaissance sensor models.  These target acquisition (TA) models have been calibrated for use with tanks, trucks, and APCs.  The applications so far have been conventional battlefield ground targets, where very little research has been performed on other targets.

2.  This research focuses on the calibration of TA sensor models for MOUT applications.  This research is scenario based, such as a military vehicle arriving at an intersection, where a soldier with a sensor scans the intersection (road, buildings, obstructions, etc.) for military or threat personnel.  Where are the humans and what objects do they hold that makes them a threat?  What static conditions and what actions are those that enhance detection rates?  What is the probability that a threat is detected?  What is the probability of identifying the object that a potential threat holds?  What are the times associated with detection of a threat?  These are the modeling metrics that are routinely applied to the search, detection, recognition, and identification of trucks, APCs, and tanks in the field.  The characterization associated with the MOUT discrimination of threat objects and the search and detection task may vary depending on scenarios, but it is anticipated that experimentation can lead to fundamental search theories that can be applied for MOUT applications.

3. There are very few laboratories that are capable of performing this type of research.  It requires experience in radiometry, source and atmospheric phenomenology, electro-optical imager modeling, experimental psychophysics, and perceptual psychology.  All of the research described above requires experience in ground-truthed and radiometric field data collections.  NVESD has been a leader in the modeling of infrared and electro-optical systems and the development of models for use in sensor design, analysis, and war-gaming applications.  Past experience with the deliveries of the Ratches model, ACQUIRE, FLIR90, FLIR92, NVTherm, I2, I2CCD,  and the CCD models shows that NVESD can deliver quality products for modeling electro-optical systems in target acquisition applications.  All of the above models are, or were, standards in the industry for the design, analysis, and war-gaming of electro-optical weapon systems.   

4.   There is an immediate need for the research described in this proposal.  This research is directly applicable to the use of electro-optical, image-intensifier, and infrared weapon sights in the MOUT environment.  A large majority of recent war-fighting has taken soldiers into harms way in the MOUT environment.  Examples of this are Kuwait, Mogadishu, and Afghanistan.  This research will provide for a better sensor design, analysis, and war-gaming which will result in better products for the MOUT soldier.  In fact, a more complete effort resulting in end-to-end models of MOUT search, detection, recognition, and identification is extremely important and should be developed.  However, this research could provide the “seed” momentum necessary to implement a successful program that addresses the important MOUT target acquisition modeling.  

Technical Approach:

Specific tasks in this research includes:

Task 1. Target Activities (Dr. Barbara O’Kane)

The US Army, Marine Corps, FBI and Secret Service, among other agencies have sites which were specifically designed to simulate MOUT engagements.  Individuals who will work on this task have visited these sites and have received some training on the activities relevant to such engagements.  In addition, the site managers have agreed to assist by allowing continuing training and imagery collection for this task.  These sites will be the source for the determination of the appropriate target activities to be modeled and imaged.

Task 2. Target Source Characterization (Dr. Barbara O’Kane)

NVESD will collect a large number of images of personnel who may be engaged in MOUT activities including simulated or actual enemy personnel.  The goal of the imagery acquisition will be to ultimately develop size, shape, and contrast approximations for the modeling community to use for enhancing the ACQUIRE model to account for MOUT targets and activities.  The task will be used to determine what is needed by the combatant to distinguish between threatening/friendly/neutral activities.  In addition, the database will include characteristics used to distinguish children/woman/man.  All of these analyses and perception experiments will contribute to a clearer manner in which to explain the outcome of MOUT engagements in an enhanced model.

Task 3. Discrimination of Single-Handheld Objects

NVESD will work with MOUT experts and soldiers at Fort Benning and Fort Knox to determine the important single hand-held objects that must be discriminated to determine whether humans are threats in a MOUT environment.  Such handheld items might be handguns, cell phones, bricks, knives, grenades, Molotov cocktails etc.  Once a reasonable set of single-hand held objects are identified, a data collection will be performed to include visible, image-intensifiers, MWIR, and LWIR wavebands.  The data collection will include 12 objects at 12 aspects in all four bands.  Once the data is collected, the contrast of the objects in the bands will be determined.  The 144 pristine target images for each band will be blurred at various levels in order to limit the resolvable spatial frequency across the targets.  A perception experiment will be performed with soldiers at Fort Benning to determine the probability of target identification as a function of resolvable cycles across the target dimension.  A target-transfer probability function will be fit to the data so that the “fifty percent probability of identification” cycle criterion can be determined for the set of hand-held objects.

The significance of this research is two-fold.  First, the cycle criterion developed above can be used in four different ways.  First, the cycle criterion that is developed for each of the wavebands can be used in the design of imaging sensors that must have the resolution and sensitivity necessary to discern these hand-held objects.  The second benefit is that the criterion can be used to assess or evaluate existing sensors using the target acquisition modeling approach to determine their suitability in MOUT discrimination tasks.  Third, the criterion along with the target acquisition model (the ACQUIRE method) can be used to war-game sensors to determine the tactical benefit of these sensors.  Finally, the cycle criteria comparison between the bands will allow a comparison of the sensors to determine if a particular band is more suited to MOUT applications.

Task 4. Discrimination of Two-Handheld Objects

Task 4 is an extension of Task 3 to include the discrimination of MOUT objects that are typically held in two hands.   In Mogadishu, it was extremely important to tell the difference between a man holding a rifle and a man holding a rocket-propelled grenade.  In this research, we determine the discrimination criterion for typical two-handheld objects to includes items such as rifles, rocket propelled grenades, brooms, etc.  The list of objects will be developed with MOUT experts from both Ft. Benning, Ft. Knox,  and the Urban Warfighting Laboratory at Quantico.  A set of two-handed objects will be developed and a field collection will be conducted to include visible, image intensifier, MWIR, and LWIR wavebands.  Soldiers and civilians will be positioned in typical geometries where they are holding two-handheld objects.  A reasonable number of aspects and objects will comprise a radiometric image collection.  Experimentation will determine the number of cycles required for a fifty-percent probability of two-hand held object discrimination.  The experimentation will be conducted at Ft. Benning at NVESD’s sensor perception laboratory.  A complete analysis will provide for the discrimination criterion and a confusion matrices will be constructed so that researchers can determine the distribution of errors and “confusers.”  The results of research tasks 3 and 4 will be provided to AMSAA and TRAC for implementation in MOUT analysis and wargaming activities.  Also, two research papers will be presented at either SPIE or MSS on the results of tasks 3 and 4.

Task 5. Comparison of Visible, Image Intensifier, MWIR, and LWIR in MOUT Search

Task 5 is a first-step in MOUT search experimentation and model development.   The purpose of this set of experiments is to provide a comparison in MOUT search performance in four bands: visible, image intensifier, MWIR, and LWIR.  The comparison will also span both day and night.  Since image intensifier is not used in the day and visible electro-optical sensors are not useful at night, these experiments will include six modes: visible-day, MWIR-day, LWIR-day, image intensifier–night, MWIR–night, and LWIR-night.  Four sensors (visible, image intensifier, MWIR, and LWIR) will be aligned and positioned in a MOUT environment (Quantico, Ft. Benning, or Ft. Knox) and 30 field-of-regards will be collected in each of the six modes described above.   Each field-of-regard will be taken with the sensors on a gimble such that extremely high resolution imagery can be taken with some overlap between images.  The images will be stitched together such that the imagery results in a “surround image” FOR.  In 20 of the FOR images, there will be a man target that must be found quickly and in 10 FOR images, there will be no target.   The FORs will be identical across all modes such that search results can be compared directly.  Figures of merit in search experimentation will be the probability of target detection, search time, and false alarms.

The experiments will be conducted at Ft. Benning where the FORs are viewed by a number of soldiers in a search experiment interface.  At a minimum, the interface will be a high resolution monitor and a joystick for slewing the FOV around in the FOR.  Some minimal hardware dollars are placed in this proposal with the intention of extending the interface to a virtual environment with a head-mounted display with stereo vision and head tracking.  The experiment is performed on static FORs where the observer controls the FOV.  The observer is tasked to “click” on the target or to select a “no target” button.  Data is recorded on the FOV position within the FOR such that the figures of merit above can be determined.  

The results of these experiments can provide a number of contributions to the MOUT target acquisition modeling community.  First, the probability of target detection, search times, and empty FOR times are all metrics that are characterized in current target acquisition models.  These experiments will provide a first estimate for these values in the MOUT environment.  Second, a direct comparison can be performed between the six modes described above in how effective the various modes are in MOUT search applications.

Task 6. Survey and Evaluation of Virtual Reality Approaches to MOUT Search Modeling

The last task is more of an engineering contribution than a research contribution, however, the topic is extremely important for the future of MOUT search modeling activities.  NVESD will perform an analysis on all possibilities for the experimentation methods that will apply to MOUT target acquisition.  The analysis will result in cost and performance estimates for various approaches to provide virtual reality experiments for the modeling of MOUT target acquisition.  It is quickly apparent that it is not technically feasible to perform an interactive virtual reality experiment in the MOUT environment with better-than-human-eye resolution, better-than-human-eye speed, with moving point-of-view, and with moving targets.   The required computations and/or bandwidth is not currently supported.   It is not currently feasible to interactively move an entire FOR with high resolution FOVs with embedded moving targets.  However, there are many alternatives with some limitations.  For example (as described in task 5), the FOR can be comprised of static FOV images.  While this approach is extremely limited, it could be extended simply by allowing one FOV in the FOR to move (possibly in a scripted way) so that a target embedded in a single FOV could perform maneuvers.  Another possibility is to experiment with a static FOR, where the observer point of view moves.  While the above considerations include the processing and presentation of real imagery, can simulations be used effectively to produce quality FORs with high resolution FOVs, moving targets, and moving points of view?  Commercial MOUT-like simulations such as the DI Guy are available, but can they meet the needs of search experimentation?  Another consideration which has been taken by a number of government organizations is the licensing of industrial gaming engines such as Quake.  It is possible that these gaming engines can perform in spatial resolution, temporal resolution, and interactive bandwidth such that reasonable FOR experiments can be performed.  If so, then is it possible to extend such game engines from the visible to image intensifier, MWIR and LWIR bands?

NVESD proposes to investigate the many different approaches to MOUT search experimentation.  The investigation will begin with a list of desired characteristics including spatial resolution, temporal resolution, number of objects, static and moving targets, clutter, and interface control.  NVESD will perform a survey of industrial techniques, academic research, and government capabilities to meet the needs of MOUT search experimentation.  An analysis will be performed with recommendations to approaches based on that amount of funding available.

PRODUCTS/DELIVERABLES
A standard in the Acquire category and improvements to U.S. Army sensor models including NVTherm, I2CCD, and the CCD model.

TECHNICAL APPROACH: 
Specific tasks in this research includes:

Task 1. Target Activities (Dr. Barbara O’Kane)

The US Army, Marine Corps, FBI and Secret Service, among other agencies have sites which were specifically designed to simulate MOUT engagements.  Individuals who will work on this task have visited these sites and have received some training on the activities relevant to such engagements.  In addition, the site managers have agreed to assist by allowing continuing training and imagery collection for this task.  These sites will be the source for the determination of the appropriate target activities to be modeled and imaged.

Task 2. Target Source Characterization (Dr. Barbara O’Kane)

NVESD will collect a large number of images of personnel who may be engaged in MOUT activities including simulated or actual enemy personnel.  The goal of the imagery acquisition will be to ultimately develop size, shape, and contrast approximations for the modeling community to use for enhancing the ACQUIRE model to account for MOUT targets and activities.  The task will be used to determine what is needed by the combatant to distinguish between threatening/friendly/neutral activities.  In addition, the database will include characteristics used to distinguish children/woman/man.  All of these analyses and perception experiments will contribute to a clearer manner in which to explain the outcome of MOUT engagements in an enhanced model.

Task 3. Discrimination of Single-Handheld Objects

NVESD will work with MOUT experts and soldiers at Fort Benning and Fort Knox to determine the important single hand-held objects that must be discriminated to determine whether humans are threats in a MOUT environment.  Such handheld items might be handguns, cell phones, bricks, knives, grenades, Molotov cocktails etc.  Once a reasonable set of single-hand held objects are identified, a data collection will be performed to include visible, image-intensifiers, MWIR, and LWIR wavebands.  The data collection will include 12 objects at 12 aspects in all four bands.  Once the data is collected, the contrast of the objects in the bands will be determined.  The 144 pristine target images for each band will be blurred at various levels in order to limit the resolvable spatial frequency across the targets.  A perception experiment will be performed with soldiers at Fort Benning to determine the probability of target identification as a function of resolvable cycles across the target dimension.  A target-transfer probability function will be fit to the data so that the “fifty percent probability of identification” cycle criterion can be determined for the set of hand-held objects.

The significance of this research is two-fold.  First, the cycle criterion developed above can be used in four different ways.  First, the cycle criterion that is developed for each of the wavebands can be used in the design of imaging sensors that must have the resolution and sensitivity necessary to discern these hand-held objects.  The second benefit is that the criterion can be used to assess or evaluate existing sensors using the target acquisition modeling approach to determine their suitability in MOUT discrimination tasks.  Third, the criterion along with the target acquisition model (the ACQUIRE method) can be used to war-game sensors to determine the tactical benefit of these sensors.  Finally, the cycle criteria comparison between the bands will allow a comparison of the sensors to determine if a particular band is more suited to MOUT applications.

Task 4. Discrimination of Two-Handheld Objects

Task 4 is an extension of Task 3 to include the discrimination of MOUT objects that are typically held in two hands.   In Mogadishu, it was extremely important to tell the difference between a man holding a rifle and a man holding a rocket-propelled grenade.  In this research, we determine the discrimination criterion for typical two-handheld objects to includes items such as rifles, rocket propelled grenades, brooms, etc.  The list of objects will be developed with MOUT experts from both Ft. Benning, Ft. Knox,  and the Urban Warfighting Laboratory at Quantico.  A set of two-handed objects will be developed and a field collection will be conducted to include visible, image intensifier, MWIR, and LWIR wavebands.  Soldiers and civilians will be positioned in typical geometries where they are holding two-handheld objects.  A reasonable number of aspects and objects will comprise a radiometric image collection.  Experimentation will determine the number of cycles required for a fifty-percent probability of two-hand held object discrimination.  The experimentation will be conducted at Ft. Benning at NVESD’s sensor perception laboratory.  A complete analysis will provide for the discrimination criterion and a confusion matrices will be constructed so that researchers can determine the distribution of errors and “confusers.”  The results of research tasks 3 and 4 will be provided to AMSAA and TRAC for implementation in MOUT analysis and wargaming activities.  Also, two research papers will be presented at either SPIE or MSS on the results of tasks 3 and 4.

Task 5. Comparison of Visible, Image Intensifier, MWIR, and LWIR in MOUT Search

Task 5 is a first-step in MOUT search experimentation and model development.   The purpose of this set of experiments is to provide a comparison in MOUT search performance in four bands: visible, image intensifier, MWIR, and LWIR.  The comparison will also span both day and night.  Since image intensifier is not used in the day and visible electro-optical sensors are not useful at night, these experiments will include six modes: visible-day, MWIR-day, LWIR-day, image intensifier–night, MWIR–night, and LWIR-night.  Four sensors (visible, image intensifier, MWIR, and LWIR) will be aligned and positioned in a MOUT environment (Quantico, Ft. Benning, or Ft. Knox) and 30 field-of-regards will be collected in each of the six modes described above.   Each field-of-regard will be taken with the sensors on a gimble such that extremely high resolution imagery can be taken with some overlap between images.  The images will be stitched together such that the imagery results in a “surround image” FOR.  In 20 of the FOR images, there will be a man target that must be found quickly and in 10 FOR images, there will be no target.   The FORs will be identical across all modes such that search results can be compared directly.  Figures of merit in search experimentation will be the probability of target detection, search time, and false alarms.

The experiments will be conducted at Ft. Benning where the FORs are viewed by a number of soldiers in a search experiment interface.  At a minimum, the interface will be a high resolution monitor and a joystick for slewing the FOV around in the FOR.  Some minimal hardware dollars are placed in this proposal with the intention of extending the interface to a virtual environment with a head-mounted display with stereo vision and head tracking.  The experiment is performed on static FORs where the observer controls the FOV.  The observer is tasked to “click” on the target or to select a “no target” button.  Data is recorded on the FOV position within the FOR such that the figures of merit above can be determined.  

The results of these experiments can provide a number of contributions to the MOUT target acquisition modeling community.  First, the probability of target detection, search times, and empty FOR times are all metrics that are characterized in current target acquisition models.  These experiments will provide a first estimate for these values in the MOUT environment.  Second, a direct comparison can be performed between the six modes described above in how effective the various modes are in MOUT search applications.

Task 6. Survey and Evaluation of Virtual Reality Approaches to MOUT Search Modeling

The last task is more of an engineering contribution than a research contribution, however, the topic is extremely important for the future of MOUT search modeling activities.  NVESD will perform an analysis on all possibilities for the experimentation methods that will apply to MOUT target acquisition.  The analysis will result in cost and performance estimates for various approaches to provide virtual reality experiments for the modeling of MOUT target acquisition.  It is quickly apparent that it is not technically feasible to perform an interactive virtual reality experiment in the MOUT environment with better-than-human-eye resolution, better-than-human-eye speed, with moving point-of-view, and with moving targets.   The required computations and/or bandwidth is not currently supported.   It is not currently feasible to interactively move an entire FOR with high resolution FOVs with embedded moving targets.  However, there are many alternatives with some limitations.  For example (as described in task 5), the FOR can be comprised of static FOV images.  While this approach is extremely limited, it could be extended simply by allowing one FOV in the FOR to move (possibly in a scripted way) so that a target embedded in a single FOV could perform maneuvers.  Another possibility is to experiment with a static FOR, where the observer point of view moves.  While the above considerations include the processing and presentation of real imagery, can simulations be used effectively to produce quality FORs with high resolution FOVs, moving targets, and moving points of view?  Commercial MOUT-like simulations such as the DI Guy are available, but can they meet the needs of search experimentation?  Another consideration which has been taken by a number of government organizations is the licensing of industrial gaming engines such as Quake.  It is possible that these gaming engines can perform in spatial resolution, temporal resolution, and interactive bandwidth such that reasonable FOR experiments can be performed.  If so, then is it possible to extend such game engines from the visible to image intensifier, MWIR and LWIR bands?

NVESD proposes to investigate the many different approaches to MOUT search experimentation.  The investigation will begin with a list of desired characteristics including spatial resolution, temporal resolution, number of objects, static and moving targets, clutter, and interface control.  NVESD will perform a survey of industrial techniques, academic research, and government capabilities to meet the needs of MOUT search experimentation.  An analysis will be performed with recommendations to approaches based on that amount of funding available.
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