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ABSTRACT

This poster introduces initial Line of Sight (LOS) obscuration modeling analysis for urban domains in support of low-resolution combat simulations and war games.  The goal is a compact LOS probability model based on urban terrain class.  Combat simulations for Military Operations in Urban Terrain (MOUT) present complex environmental modeling challenges.  For example, target acquisition in MOUT is typically over short paths, well within the maximum range limits of EO sensors.  MOUT models must therefore address environmental effects on target recognition and identification probability and not just predict a maximum target detection or lock-on engagement range, as done now for open, rolling countryside.  Urban target acquisition is influenced by the sensor, target signature, background, illumination, optical turbulence and obscuration.  Obscuration includes both the direct effect (baseline probability of building-free LOS) and indirect effect (building and vegetative modification of obscurant concentrations).  Low resolution war game simulations cannot afford to address each individual building or tree.  However, urban morphology databases provide a possible solution, consolidating urban information over some smallest scale (typically 50 to 100 m).  Data include the areal density, height and type of urban buildings and vegetation, as well as information on land use.  The poster summarizes analysis of our theoretically derived probability model for building free LOS with the Cionco and Ellefsen urban morphology database for north Salt Lake City and a separate measured lidar-based data set of building locations.  The theoretical model requires both building areal density (provided from the morphology database) and a perimeter-to-area ratio or building shape factor (derived from the lidar flyover data).  Departure from the theoretical model occurs at short LOS ranges (due to near-field proximity of walls and non-random placement of structures) and large scales (due to non-random, long open streets.  We also summarize the modeling approach to accounting for the increased concentration of obscurant clouds due to confinement or exclusion of obscurant clouds by buildings and walls.

INTRODUCTION

Combat simulations for Military Operations in Urban Terrain (MOUT) present complex environmental modeling challenges.  For example, target acquisition in MOUT is typically over short paths, well within the maximum range limits of EO sensors.  Urban target acquisition is influenced by the sensor (wavelength, resolution and field of view), target signature (color, motion cues, etc.), background (including surfaces, non-targets and other clutter), urban illumination, optical turbulence and obscuration.  Obscuration includes both the direct effect (baseline probability of building-free line of sight) and indirect effect (building and vegetative modification of dust and military obscurant concentrations).  Low resolution war game simulations cannot afford to address each individual building or tree.  However, urban morphology databases provide a possible solution, consolidating urban information on some finite resolution grid (typically 50 to 100 m per cell).  Morphology data include the areal density, height and type of urban buildings and vegetation, as well as other information on land use in Urban Terrain Zones (UTZ).
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This poster paper introduces initial line of sight obscuration analysis for modeling urban domains in support of low-resolution combat simulations and war games.  For this study we assumed that suitable urban meteorology, obscurant cloud transport and aerosol dispersion models have been developed.  (Some of this is addressed in other papers at this conference.)  Those models will provide obscurant cloud concentration distributions, typically as Gaussian puff ensembles.

Assuming the cloud positions, sizes and aerosol mass loading have thus been specified, our poster presents our study results on how the urban domain affects Line of Sight (LOS) obscuration, particularly in the context of morphology database representations of urban terrain at 50-100 m resolution.  The original goal was to develop a compact LOS probability model based on UTZ.  We address two effects on obscuration in urban environments.  First, how do we model the concentrating effect of buildings on cloud puffs that “reflect” off the building walls?  And second, what are the statistics of building-free urban LOS ranges due to building blockage itself?

We extend our previously reported exact results for modeling the constraining effects of buildings and other features on increasing cloud concentrations.  However, the bulk of the poster focuses on our latest investigations including an instructive theoretical probability distribution that we derive to account for urban LOS range reductions.  We first assume a random placement of buildings, resulting in an exponential fall off in LOS range due to building density.  This model is consistent with published models and measurement studies done by the cell phone industry for direct signal blockage by buildings and vegetation.  However, we find that building shape effects in the form of perimeter to area ratios to be an important additional scaling factor in the falloff coefficient.

We investigate our model with the north Salt Lake City, UT morphology (from the Cionco and Ellefsen detailed manual analysis of urban land use) which includes building density.  We derive the additional required perimeter-to-area data by analyzing NIMA/DTRA lidar-derived GIS data on building vertex coordinates in the same area.  We find interesting agreement for intermediate range LOS, but also pronounced influences on short range LOS due to near-field building proximity and on long range LOS due to non-random, long open streets, particularly prevalent in north Salt Lake City.  We find that the current UTZ does not clearly classify density or perimeter distributions.
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Each individual poster element is reproduced here with brief descriptions.

Existing smoke and dust models such as the Combined Obscuration Model for Battlefield Contaminants (COMBIC) have met the need for many combat simulation models in the cold war era. The emphasis on stand off combat in open, rolling terrain meant that simple Gaussian puff and plume based obscurant models were sufficient, where the prevailing local wind blows in one direction and a local atmospheric stability parameter determines dispersion.  For urban domains we would like to eventually be able to model obscurants using exact knowledge of all building and vegetation placements using computational fluid dynamic (CFD) flow.  However, that is in the future for most combat simulations.  Today’s simulations, particularly faster-than-real-time aggregate simulations need a compromise.  Urban morphology approaches provide one such compromise.
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However, using morphology data to model target to observer LOS transmission loss through obscurants can be tricky.  The Ellefsen and Cionco morphology databases (see other papers at this conference) developed over the past 15 years for approximately ten cities do not specify precise building and vegetation locations.  Only the areal density and other statistics of prominent features averaged within each 50-100 m grid cell are defined.
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Details of the morphology database contents are shown below for eight cells from the Cionco and Ellefsen database for north Salt Lake City.  Each cell has 50 m resolution.  In portraying their data, Cionco generally color codes grid elements based on the dominant feature with the largest percentage coverage in each cell.
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Here is an example using the north Salt Lake City morphology database.  Cionco and Luces have run a 50 m High Resolution Wind model and dispersion from the RISOE RIMPUFF model to produce non uniform wind fields for smoke diffusion.  The small structure outlines are a geo-referenced overlay of a lidar-derived image of building outlines from NIMA/DTRA.  The small black rectangle in the NW (upper left) shows the area zoomed in on the previous figure.
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We now return to the problem of obscuration modeling.  Assume that a suitable complex terrain meteorology model and a transport and dispersion (T&D) model have specified an ensemble of Gaussian cloud “puffs” (typical of many T&D models) by position, size and aerosol mass loading.  We previously published compact equations and algorithms for computing exact LOS transmission through such puffs [ref 1].  The presence of buildings, however, excludes or “reflects” the smoke back into the streets.  Therefore we also previously reported on compact algorithms (such as that shown below) to exactly correct for these building effects if one knows the precise locations and heights of individual buildings [ref 2].  (W and Z factors are building separation and height.  Phi is the Cumulative Normal distribution function.  Sigma’s define the size of the cloud puff.)  In a morphology approach, however, we only know the density of features and their mean dominant heights within each cell.  Therefore we have derived correction factors for three morphology cases.  (1) If the cloud is very small compared to the characteristic open space of the cell, then no correction is needed. (2) If the cloud is much larger than the cell, then we only need to compute the “volume of the buildings” that exclude the smoke and add that “reflected” smoke back into the cloud mass that is in the open areas between the buildings.  (3) If the cloud is comparable to the cell size, then we perform a similar correction, assuming that it is proportional to the size or volume of the cloud itself as well as the building density.
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The other major problem of computing LOS transmission losses is to account for the range limitations and distribution of building-free and vegetation-free LOS.  One way of approaching this problem is to consider the areal density of structures as a fundamental “probability” that the building (or other feature) will be present at any point we choose at random within the larger AxB grid cell.  If we first make the (poor but theoretical) assumption that all buildings are randomly placed and that they can be represented by small squares totaling area axb in the cell, then we can derive the probability that a clear LOS of at least range R exists across the cell.  As seen here, that probability falls off exponentially with range.  The “cross-section” or “extinction coefficient” for this blocking process is proportional to either the total building cross section “a” (perpendicular to the LOS direction) divided by the cell size “AxB” or equivalently by the morphology structure density ““ divided by the total feature characteristic length “b” along the dimension parallel to the LOS.
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• Testing of this hypothesis was begun using Salt-Lake City morphology, otho-quads 

and fly-over detection  - initial results are promising

• This model should be useful in Army constructive simulations   

As one might expect, the cell phone industry has developed many empirical models and collected data sets in urban domains that characterize propagation losses at cell phone frequencies.  Their models typically address four terms (direct, reflection, diffraction and atmospheric bounce) of which the direct beam blockage is essentially the same problem that we address here for optical LOS propagation.  Two such studies (identified below) for vegetation and buildings show the same exponential fall off behavior with range as our theoretical model.

The problem also closely parallels electro-optical propagation through atmospheric particulates.  Like buildings, such particles are often irregular in shape, and the distribution of shapes affects the average attenuation cross-section or equivalent overall optical “extinction coefficient”.  The parallel problem for us is that buildings come in many shapes.  If we assume that any single building has a non square dimension axb, then we can average over all random building orientations to obtain a probability of building free LOS with range, shown on the right.  Note that the exponential coefficient now depends on the product of the structure density  and a new parameter, the “perimeter-to-area ratio” for buildings in the morphology cell.  The expected “mean building free LOS range” is pi divided by that product.
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The Cionco and Ellefsen morphology does not include horizontal perimeter statistics.  Therefore we turned to a NIMA/DTRA GIS data set of lidar-derived building vertex coordinates for buildings in north Salt Lake City.  We transformed this into a raster image with 2 m resolution cells that identifies the building perimeters and interior areas.  These were registered to the same 50 m GIS grid as the morphology data, and then processed over each 50x50 m morphology cell into building densities and perimeter-to-area ratios.  (The step by step process for determining perimeters will not be given here.  However, we analyzed each cell containing a building edge to determine if more than one edge of the cell was exposed to external LOS, whether adjacent walls “shadowed” or prevented access by some fraction of possible LOS access.
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If we compare the flyover data analysis on building densities to the very thorough but manual analysis of Cionco and Ellefsen we see similar, but not identical, number distributions.  The differences can be attributed to two factors.  First, Cionco and Ellefsen apparently tend to round up their manual estimation of building coverage in each cell to the next 10%. In addition, we overlaid GIS registered ortho-quad aerial imagery of the type used by Cionco and Ellefsen and determined that there are numerous small structures that were not identified by the lidar flyover, and that this could have caused a slight under-estimation of building density in our flyover analysis.  Otherwise the distributions are very similar.

Next, we attempted to determine if building densities and perimeter to area ratios correlated in some way with different Urban Terrain Zone cases.  (See the class definitions at the bottom of page 3.)   We found that current zone class designations do not separate out either density or perimeter to area ratios.  For all UTZ, the mean value of Salt Lake City perimeter to area is about 0.2-0.25 m-1, with a standard deviation of about 0.1 m-1.  (By comparison, the maximum perimeter to area ratio for a 1x1 m structure would be 4 m-1 and that for a building exactly covering a full 50x50 m morphology cell would be 0.08 m-1.)  The data plots show that smaller structure areal densities usually result where there are smaller structures and thus larger perimeter to area ratios.  The fact that the perimeter-to-area distributions are broad implies that given no other information than a morphology database, one can assume a representative perimeter-to-area value of about 0.2 m-1.
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Finally, we proceeded to analyze the flyover data to compute a very large number of lines of sight originating at many urban observer positions (those outside the buildings) and directions.  It was immediately apparent that there is one significant factor that dominates the number of very short lines of sight and another that dominates at the very long line of sight scales.  The first is the “near-field effect” of having an observer near a “long” building wall.  The LOS range limits over 120 degree fields of view (1/3 of the total angular field of view) is one to two times the distance to the closest building.  Similarly, the non random placement of buildings to form open streets, and the tendency in many modern cites (especially Salt Lake City) to have long straight avenues, will introduce a significant mode of long lines of sight.

These effects were observed when the line of sight data were plotted.  We are still analyzing these results to better characterize the modes, but they are basically as shown below.  (When we plotted all data the graph was totally blackened, since all possible LOS geometries were observed in the raw sub sets of collected data.)  After decimation and averaging over observer angle it was clear that there is a central peak that falls pretty well along the expected exponential distribution.  Only the central data within one standard deviation are shown.  Conclusions are listed on that chart.
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