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OBJECTIVE OF PROJECT:

EXECUTIVE SUMMARY

 This proposal focuses upon solving those problems which need to be resolved in the short term in order to extend our capability for modeling tactical communications networks to an urban environment.  In particular, it addresses the development and validation of an urban propagation model, and the integration of this model into high fidelity next generation simulations.  We plan to leverage an ongoing effort by AMSAA to test, identify weaknesses, recommend improvements, and select the best from what we have found to be the most promising commercially available urban propagation models, ongoing work by HPCMO, AFARL at Wright Patterson AFB, and CECOM to parallelize the code of the model we believe is most suitable for Army M&S needs, and an ongoing DARPA SBIR that takes the first steps to create an efficient GUI with the propagation engine of this model.  This previous work will aid us in accomplishing two primary objectives.  First, the results of a thorough propagation measurement program tailored to legacy and anticipated FCS and OF tactical communications modeling needs will be used to V&V this model across its intended domain of application.  Second, a general methodology will be developed to create an integrated product that provides a means for item level performance and force effectiveness models to make near real time high fidelity urban path loss predictions.  Although we shall be working closely with our item level modelers as well as the IUSS, Combat XXI, and AIMS development teams, the integrated product will be of general utility.  The impact of accomplishing the above objectives is profound, since adequate communications modeling cannot be accomplished without an efficient high fidelity urban propagation module, and because the effect of new force structures and C4ISR network architectures are central to understanding the effectiveness of the various proposed FCS and OF concepts. Moreover, we believe that the objectives stated above must be carried out as quickly as possible if there is to be any chance of competently modeling tactical communications networks in time to meaningfully support FCS and OF decisions.  For this reason, we plan to deliver a functional product within approximately one year of approval of this proposal, as detailed below.

BACKGROUND AND TECHNICAL DESCRIPTION OF PROBLEM

Traditionally, communications network modeling has played only a secondary role in combat simulations when compared to other functional areas like indirect fire, close combat, or target acquisition.  However, as the Army transformation process unfolds, this will no longer be the case.  The effect of new force structures and C4ISR network architectures will be critical to understanding the effectiveness of the various proposed FCS and Objective Force concepts, which rely upon the premise that information superiority will provide such greatly improved operational capability that in future engagements we will obtain the mission effectiveness of today’s forces with a much smaller and lighter force.  There is a great risk in trading armor and numbers for information, and the best means available to us to mitigate this risk is competent M&S.  

In particular, since the US military increasingly requires operations in urban areas, and because M&S is critical in supporting these operations because of its role in the development of new TTP’s, materiel systems, and virtual training environments for application in the urban setting, then extending our modeling capabilities to an urban environment will be essential as legacy forces transition to the Objective Force. Therefore, understanding and overcoming the obstacles encountered in modeling tactical communications networks in an urban environment will have a significant impact on the quality of decisions made during the Army transformation process, and ultimately on the effectiveness of our warfighters in future conflicts.  It is for these reasons that enabling extant and next generation performance and force effectiveness models to accurately portray tactical communications in an urban environment is important to the Army as we transform to the Objective Force.

The fundamental difficulty in modeling tactical communications in an urban environment is accurately predicting the propagation loss between transmitters and receivers.  The algorithms used in open terrain don’t work well in urban areas because reflections and diffractions from both interior and exterior boundaries of buildings allow significant energy transfer between nodes by means of non-LOS paths.   Solving this path loss prediction problem is critical because one cannot simulate tactical communications in an urban environment in any meaningful way without a high fidelity propagation model—the link level module of any communications model requires, at a minimum, an accurate estimate of link signal to noise ratio, and hence, propagation loss.  Solving this problem is also sufficient for high quality tactical communications modeling, in the sense that the methodologies involved in link and network level modeling are, at least in principle, well understood, so that once the details of potential networks, radios, and waveforms for FCS and Objective Force have been specified, it should be reasonably straightforward to model them.   For these reasons, our proposed effort shall focus on producing a validated urban propagation model that can be integrated and used fairly generally with tactical communications models in support of FCS and Objective Force decisions. 

As part of an ongoing effort here at AMSAA, we have been investigating recent research done in this area and the commercial availability of urban propagation models.  We have learned that the relevant ideas found in the technical literature have been pursued in several independent research projects, which have in turn led to the development of several commercially available models.  Those models having fidelity suitable for our needs are physical models that use ray tracing methods.  In particular, it is the hybrid shooting bouncing ray/ geometric theory of diffraction (SBR/GTD) models that show the most promise for military applications.  These models require significantly more run time than the path loss models that are used in open terrain, or the empirical models that are sometimes used to make coarse path loss estimates in urban environments, and so it is unrealistic to hope to integrate these directly into a force on force simulation as a sub model.  Thus, a critical part of what is entailed in this proposal is the development of a general methodology to create an integrated product that provides a means for performance and force effectiveness models to make high fidelity urban path loss predictions within acceptable runtime limits.

The other important part of the proposed effort is the selection and validation of an urban propagation model to be used as the computational core of this integrated modeling tool.  Our ongoing work has provided us with sufficient information to make an informed recommendation as to which of the existing ray tracing models would be the most prudent selection in light of anticipated tactical communications M&S needs during the transformation process, and will also be directly applicable to the model verification and validation.  More details regarding our findings and recommendations should soon be available in a technical report, but a summary of the aspects that are particularly relevant to this proposal follows. 

 Our work has involved using outdoor path loss measurement data at 900 and 1900 MHz collected by AT&T Bell Laboratories in the Rosslyn, VA area as the basis for a performance comparison of three commercial hybrid SBR/GTD models.  An environmental database consisting of terrain elevation data, node and building locations, building material properties, and E and H- plane plots for the directional antennas used was given to each of the model vendors listed below:

Organization



Model

Analysis Tool

Remcom Inc



QProp

Wireless In Site

Schafer Wireless


Rayprop
Wireless Architect

EMAG Technologies


VPL

EMRenoir

The vendors were asked to use this data to make path loss predictions for each of the links, and to record the runtime for specified groups of links.  The prediction data was then compared to the corresponding measurement data both directly to evaluate fast fading performance and on average to evaluate slow fading performance.  Additionally, the links were grouped in terms of the approximate fraction of received power due to each interaction type so that the soundness of the underlying algorithms could be tested, and areas where model improvements were required could be identified.  


Below are tables summarizing the overall fast fading results from our prediction performance comparison. The measure of performance in these tables is the prediction error (PE), which is simply the difference between the model path loss prediction and the measured value, expressed in decibels (dB).  The Okamura-Hata model is a 35 year old empirical model that is used as a baseline for comparison.  

Table 1: Ground transmitters at 900 MHz (21, 626 links)

Model 


Mean Prediction Error(dB)    
StdDev PE(dB)     


Okamura-Hata

-10.14 
      



9.37 



QProp(Remcom)
-2.71




30.52

VPL(EMAG)

2.45




12.01

RayProp(Schafer)
-1.03




20.58

Table 2: Rooftop transmitters with directional antennas at 900 MHz (6,869 links)

Model 


Mean Prediction Error(dB)    
StdDev PE(dB)     


Okamura-Hata

1.09 
      



10.99 



QProp(Remcom)
-14.16




23.57

VPL(EMAG)

-3.63




7.86

RayProp(Schafer)
-17.05




23.60

Table 3: Ground transmitter at 1900 MHz with (21,626 links)

Model 


Mean Prediction Error(dB)   
 StdDev PE(dB)     


Okamura-Hata

-10.46
      



10.73 



QProp(Remcom)
-2.04




29.45

VPL(EMAG)

1.83




14.39

RayProp(Schafer)
-0.51




20.51

Table 4: Rooftop transmitters with directional antennas at 1900 MHz with (7,267 links)

Model 


Mean Prediction Error(dB)    
StdDev PE(dB)     


Okamura-Hata

1.51
      



13.54 



QProp(Remcom)
-25.29




31.98

VPL(EMAG)

-8.85




13.49

RayProp(Schafer)
-9.18




26.46


It is clear from this summary data that the overall performance of the EMAG Technologies VPL model is substantially better than either of the other two physical models, neither of which is comparable even to the empirical baseline.  However, the case for selecting the VPL model is stronger than this summary data indicates.  A detailed analysis of how much of the observed modeling error can be attributed to specific algorithms shows that the significant errors in the VPL predictions arise from approximations made in computing the edge diffraction coefficients and in the way that the coefficients arising from multiple horizontal edge diffractions are cascaded.  Work recently appearing in the technical literature addresses both of these difficulties, and should greatly improve the predictions for links characterized by these kinds of interactions.  Therefore one expects that the VPL model predictions will significantly improve once these new approximations have been implemented in the code.  Note that implementing these changes is a straightforward matter, since no changes are required in the modeling approach.  All that is required is that new expressions for the diffraction and coupling coefficients need to be substituted for what is currently coded.  

The other two models have more serious errors than the VPL model, and it is by no means clear that improvements in the diffraction coefficients will resolve these problems.  The Remcom and Schafer models use a similar overall modeling approach that is markedly different from the vertical plane launch method used by EMAG.  Because of this, and the fact that the empirical error probability density functions for the first two models over various groups of links are remarkably similar, whereas those for the VPL model are quite distinct from these, we believe that fundamental changes would be required in the QProp and Rayprop models to enable the substantial performance improvements necessary to bring them up to the quality level required by the tactical communications M&S community.  With the compressed schedules of the FCS, JTRS, and WIN-T programs, it seems unlikely that changes of this scale could be made in time to support critical decisions.  Moreover, even if it were possible to do this, the government would then be placed in the undesirable position of paying for extensive model improvements without ownership of the finished product.  Considering additionally that the VPL model encountered no problems during the preprocessing stage or during the actual simulations, and that the government is already paying for work intended to enable efficient user friendly operation in a high performance computing environment that should be finished by 2Q 03, we feel that this model is by far the best choice for the analytical engine of an integrated urban propagation M&S tool.     


In summary then, it appears that in order to solve the larger problem of giving next generation simulations the capability to competently model tactical communications in an urban environment, two smaller, though fundamental, problems must now be addressed.  First, we must devise and initiate a measurement program tailored to the needs of legacy and anticipated future tactical communications modeling needs, and use these measurements to test, recommend improvements for, and formally V&V the urban propagation model that our previous work indicates is most promising in light of anticipated Army M&S needs.  Second, we need to devise a methodology by means of which the prediction results of this model can be effectively integrated into existing simulations or those currently under development.  As mentioned above, ongoing work by several DOD agencies has already resolved some of the difficulties inherent in solving this second problem, and so what remains to be done is to devise a methodology that leverages these efforts to create an integrated product of general utility.  Solving this second problem remains a nontrivial endeavor, however, because it involves finding a way to make computations that require hours of processing time in a high performance computing environment available to users requiring near real time path loss predictions for potentially unscripted scenario events.  

PROJECT OBJECTIVE AND SCOPE

Objectives:

1. V&V the selected urban propagation model. 

 This will be done both with existing path loss measurement data and by taking new measurements at additional frequencies to cover the proposed FCS bandwidth.  The measurement program will take into account both high rise urban areas and those with smaller buildings of various construction types more typical of cities found in developing countries; terrain; indoor, outdoor, and indoor/outdoor links; and links among units located on the ground, units on various floors inside buildings, rooftop antennas, and UAV’s.  

2. Develop a methodology whereby the above model can be used both with item level and force on force models without incurring a significant runtime increase and V&V the integrated product
This methodology will provide a general means for communications models to do near real time path loss lookups from a database created in a preprocessing phase.  Our methodology will be as general as possible, but we plan to demonstrate functionality explicitly with Combat XXI.  We will also ensure that this methodology meets the anticipated needs of our item level modelers as well as IUSS and AIMS developers.

PRODUCTS/DELIVERABLES AND ESTIMATED COMPLETION DATES:  

1. Validated urban propagation model to Army analysis community(2Q FY04)

Provides propagation modeling tool for limited-scope tactical communications system performance analysis in an urban environment

2. Validated integrated product for generating databases to Army analysis community(2Q FY04)

Provides propagation tool for studies of both system performance and force effectiveness of tactical communications networks in an urban environment

3. Provide integrated product to Combat XXI (3Q FY04)

Provides Combat XXI with a means of accounting for RF propagation in an urban environment

TECHNICAL APPROACH:  

Objective 1:  

Our tentative plans are as follows. We will begin by having a team at the Electronic Proving Ground (EPG) take additional path loss measurements taken in Rosslyn, VA at 50 MHz and at 500 MHz to complement our existing data for this high rise urban area.  If the high band concept planned as part of the FCS communications network is adopted, we will also take measurements at 38 GHz.  We plan on using two rooftop and four ground transmitters with receiver antennas mounted on a van which will provide a dense grid of measurements over approximately a 0.6 x 0.8 km grid.

In order to take into account the various kinds of links mentioned above, EPG will also take  indoor, outdoor, and indoor/outdoor urban measurements at two sites in Arizona at 50, 500, 900, and 1900 MHz, and also possibly at 38 GHz as discussed above .  These sites are located at Fort Huachuca and near the University of Arizona in downtown Tucson.  The buildings used will typically be 3 – 6 stories and made of various construction materials.  For the indoor measurements three buildings of wood frame/masonry, concrete/steel, and frame with sheet metal roofing and walls will be used.  Measurements will be taken throughout the building with links on the same floor, between floors, and comprising indoor/outdoor segments.  Generally, measurements will be taken every 5 meters inside the buildings and the outdoor receiver measurements will be taken up to a distance where the received signal level is near the ambient noise level.  Two rooms will be chosen where measurements will be taken at 1 m increments as part of a sensitivity analysis.  


The outdoor measurements will be carried out in essentially the way as those in Rosslyn except there will be a transmitter at 3 m elevation, and possibly at other heights as part of a sensitivity analysis.  Also, aerial measurements will be taken to account for ground warrior/UAV links.  These measurements will be made either with a real UAV or a helicopter surrogate, depending on available funding.  The measurements described above will be used as part of our ongoing effort to test and recommend improvements to the model, as well as to carry out the formal V&V process on both the model and on the integrated product. 


There is negligible risk associated with this part of the project, given the work that we have already done.  The only potential difficulty that we foresee is that the model predictions might have a larger error at lower frequencies than at the 900 and 1900 MHz frequencies we have considered.  

Objective 2: 

Our plan is to develop a methodology whereby we can use available high performance computing resources to create an efficient path loss database for all links involved in a given urban scenario. This methodology will provide tactical communications models with the capability to do near real time link path loss lookups.  The structure of the database will be determined after consolidating our needs with those of others in the M&S community, especially the AIMS and Combat XXI developers.  This effort will require the creation of tools to automate the preprocessing, developing an efficient means of doing model runs to take advantage of high performance computer multiprocessor capabilities, and developing algorithms to allow users (AMSAA item level models and next generation force on force models) to efficiently access the specific data required for their simulations.  The integrated product will be V&V’ed using the data mentioned above.  Also, we plan to use this integrated product to demonstrate functionality with the Combat XXI developers.


The risk associated with this part of the project is that the preprocessing time could potentially be quite large.  Although we can extrapolate from runtimes on desktop PC’s to conclude that the runtimes should be reasonable, we will not know for certain until we actually do model runs in an HPC environment as part of the project.  In order to mitigate this risk, we will leverage an existing effort to optimize the propagation kernel code for parallelization in an HPC environment, and will aggregate the frequencies, antenna heights, and node location resolution, if necessary.  

MILESTONES: 

(Assuming that the funding decision for these proposals is made around 15 Feb 2003)

1.  Complete path loss measurements at all sites (3Q FY03)

2.  Complete path loss predictions for all sites (3Q FY03)

3. Decide on best approach and methodological details for linking propagation model with other models (4Q FY03)

4. Identify and remedy any shortcomings of model disclosed by test data (4Q FY03)

5. Complete V&V plans for basic propagation model and integrated product (4Q FY03)

6. Complete integrated product including path loss databases for all three test sites (2Q FY04) 

7. Complete V&V and reports (2Q FY04)

8. Provide integrated product and database to TRAC WSMR (3Q FY04)

EXIT CRITERIA: 

1. Database of urban path loss measurements at various frequencies and in different environments


Useful for future propagation model validation efforts in an urban environment

2.  Basic urban propagation model together with prediction error estimate 


Provides a precise path loss prediction tool for performance analyses in which run time is not a significant factor

3. Integrated urban propagation product with prediction error estimate


Provides a means for network performance and force effectiveness models to make near real time high fidelity urban path loss predictions—a necessary condition for competent tactical communications modeling in an urban environment

