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INTRODUCTION
The Army’s Models and Simulations (M&S) and Command, Control, Communications, Computers, and Intelligence (C4I) systems employ program is made up of scores of different, independently developed models and simulations.  Virtually every model uses an algorithm determining line-of-sight (LOS).  These algorithms were developed for the purpose of an individual model and little considerations was given to the differences between the algorithms of the different models.  In these days where models are being confederated, interoperability is a problem that is little understood and virtually no effort is being undertaken to resolve this problem.  The Army LOS Technical Working Group (LOS TWG) is a major effort to understand the differences in algorithms and to educate users about the differences and the affect these differences have on the models.

In its simplest distillation, LOS may be defined as an “unobstructed view between two points”.  There are many complex LOS issues facing the Geospatial Information (GI) community today and the determination of which of these can be successfully addressed by the LOS TWG is in question.  User Education and geometric LOS issues will be given first priority.  However, virtual LOS is also recognized as an important issue and will be investigated further as the TWG expertise and work efforts progress.

BACKGROUND  

The LOS TWG is established by the Topography, Imagery and Geospatial Information Operations Division’s Geospatial Information and Imagery Requirements Branch (GIIRB) of the Engineer Research and Development Center (ERDC)/ Topographic Engineering Center (TEC) as an expert advisory body authorized to conduct pertinent analyses, disseminate relevant information, and provide non-binding technical guidance and recommendations on LOS issues.

The GIIRB of the TIG Operations Division (ERDC/TEC) will chair the LOS TWG composed of stakeholders from the Army’s C4I & M&S communities.  The team will include (but not be limited to) members from: Combat Terrain Information Systems (CTIS), Battlefield Terrain Reasoning and Awareness  (BTRA), TRADOC Program Integration Office - Terrain Data (TPIO-TD) and the TRADOC Analysis Center - White Sands Missile Range (TRAC - WSMR).  The TWG chair may designate other representatives. 

The tasks and action plan evolves from the LOS TWG will correlate to existing organizational missions.  The mission to design, develop and establish authoritative, re-usable, efficient algorithms will reduce the interoperability problem resident in today’s systems.  Costs associated with the LOS TWG include travel and project work and will be paid for with organizational mission funds.

PURPOSE

The LOS TWG charter defines six goals.  This document has been established to identify LOS algorithms that are currently being used, determine which should be established as a standard for comparison purposes, educate users about how the different algorithms differ from each other and their appropriate uses, and to as great an extent as possible, coordinate/consolidate ongoing LOS analyses/activities within the Army M&S and C4I Geospatial Information (GI) communities. 

SCOPE

This document will maintain a current list of unique LOS algorithms.  This document should be used by anyone developing a new M&S product requiring LOS.

LIMITATIONS  

In order to keep the work of the LOS TWG at a manageable level, the following issues will not be considered in the near term.  This list can be revisited in the future if there is sufficient interest.

· Detection and Acquisition.  Currently, these issues are being revisited for accuracy.  Also, LOS is a geometry issue while detection is a physics issue.

· Refraction, Reflection, Obscurants.

OTHER LOS ISSUES

There are other considerations requiring attention when using LOS applications.  The list below is an outline of some of these issues.

Terrain Source Data Issues.  Several sources of terrain data is available and each source affects the accuracy of the LOS algorithm.  Common data sources are Digital Terrain Elevation Data from the National Geospatial Agency (formally NIMA), LIDAR data, the data from the Shuttle Topography Mission, and IFSAR/INSAR (side aperture radar data).  There are also specialty databases like the high-resolution (1-5m resolution) databases at ERDC/TEC.  Another critical aspect of terrain source data is how the accuracy is determined and measured.
Algorithms Efficiency.  Typically, LOS uses 20-50 percent of the run-time in a combat simulation.  The throughput and efficiency of the algorithm should be examined for efficiency before use.  Two different algorithms can use the same math, produce the same results, and require very different times for LOS

Probability of LOS (PLOS).  Another aspect of LOS algorithms in aggregated models is PLOS.  PLOS can also be used to explore the inherent uncertainties in LOS calculations.

User Education and Services.  This document hopes to promote use and dissemination of available LOS source data; analyses; and associated metadata that have been previously validated and are currently available.

LOS COMPENDIUM 

Using the above outline as a guide, the LOS TWG would like to begin to present different intervisibility issues for consideration on a quarterly basis.  The first proposed product of the LOS TWG will be a compendium of LOS algorithms.  Initially, this document will contain only the details of constructive models.  The ultimate goal is to also include virtual models in this document.  

Appendix A of the report titled “The Effects of Different Line-of-Sight Algorithms and Terrain Elevation Representations on Combat Simulations” (September 1995) documented five different algorithms being used in the Army’s models and simulations in 1995.  About a year later, these algorithms were introduced as standards within the Army Models and Simulation Office.  Using this as a starting point, the following is proposed as an outline for constructive models to follow for inclusion in this document.  Since 1995, several new LOS algorithms have been added.  

· Algorithm Name

· Point of Contact Information

· Computer Language of Algorithm

· Target Audience: (Constructive models, Virtual models)

· Elevation Models Used (UTM, DTED)

· Feature (Vegetation/Urban) Representation: (none, represented as solid objects, represented as opaque objects, use of a user defined distance of vegetation penetration) 

· Elevation Data Representation: (Evenly Spaced Grid, Unevenly Spaced Grid, TIN, Spline)

· Sensor and Target Heights: (User Selected)

· Sensor and Target Locations: (Nearest Grid Point, Interpolated)

· LOS Scope (Flat Earth, Curved Earth, Radar LOS)

· LOS Investigation: (Point-to-Point, Point-to-Area, Area-to-Point, Area-to-Area, LOS along radials, LOS into a user defined polygon)

· Point Interpolation (none, nearest point, SW corner, weighted average of surrounding points, bilinear interpolation, triangle interpolation, polynomial interpolation, spline)

· Other considerations: (Refraction, geoid representation)
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DYNTACS LOS Algorithm

Background.  The DYNTACS LOS algorithm was developed at Ohio State in the early 1970s and was first used in a combat simulation called DYNTACS or Dynamic Tactics Simulation.  It has been modified at TRAC-WSMR to include a more robust depiction of LOS in vegetated areas.  

DYNTACS was written very efficiently with an emphasis on accuracy and not speed.

Point of Contact.  Danny Champion, TRAC-WSMR, (505) 678-2763, dchampion@trac.wsmr.army.mil.  

Computer Languages.  DYNTACS was originally written in FORTRAN and has been rewritten in both C and SIMSCRIPT.  Most of the original code has been modified to remove GOTO statements and give the program more of a drop down presentation.

Validation.  Conducted through the Army Modeling and Simulation Office (AMSO) Standards Nomination Approval Process (SNAP) and has been included into the Army Standards Repository System (ASTARS). www.amso.mil, www.snap.mil, www.astars.mil 
Target Audience.  DYNTACS is written as a subroutine which returns either a yes or no for LOS.  This was written for constructive simulations.

Elevation Models Used.  DYNTACS expects terrain to be in a regular UTM grid.  Data stored in a latitude/longitude format (i.e. DTED) has to be resampled to produce a regular grid before the model is executed.  

Elevation values are given at each grid post.  The elevation of a point not located on a grid post is calculated using a four point linear interpolation.

Features Used.  LOS in DYNTACS can be blocked by features.  Features are defined as either vegetation or urban.  One of the modification to DYNTACS is to allow the sensor to see through vegetation by a predefined distance (CTO).  Also, the target can be seen through the vegetation by a predefined distance (CTT).  CTO and CTT are usually given the value of one or two grid squares.  This essentially removes the vegetation around the sensor and target by CTO and CTT.  

Sensor and Target Heights.  The sensor and target heights are inputs to the subroutine and can be different every time the subroutine is accessed.

Sensor and Target Locations.  The sensor and target can be located anywhere on the terrain.  The elevation of the terrain located at the sensor and target locations is calculated by using a four-point linear interpolation.

LOS Scope.  DYNTACS can play flat earth, curved earth, and radar LOS (4/3 curved earth).

LOS Investigation.  DYNTACS only does point-to-point LOS.  However, a simple program can be developed to calculate point-to-area and area-to-point LOS.

Algorithm Description.  The sensor and target are placed on the ground and a line is drawn between them.  LOS can be blocked where the sensor/target line crosses either a horizontal or vertical lines created by the elevation posts.

Other considerations.  DYNTACS does not consider refraction or reflection.
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Figure ___ An example of how elevation posts are depicted.

Bresenham LOS Algorithm
Background.  The Bresenham LOS algorithm is based on Bresenham’s line drawing algorithm used in computer graphics.  Bresenham is a very fast algorithm because it takes advantage of integer arithmetic.  Although some accuracy is lost because of the speed, it is usually sufficient for all but the most accurate data sources.

Point of Contact.  Danny Champion, TRAC-WSMR, (505) 678-2763, dchampion@trac.wsmr.army.mil.  

Computer Languages.  Bresenham was originally written in SIMSCRIPT, but has been converted to FORTRAN.  

Validation.  Conducted through the Army Modeling and Simulation Office (AMSO) Standards Nomination Approval Process (SNAP) and has been included into the Army Standards Repository System (ASTARS). www.amso.mil, www.snap.mil, www.astars.mil 
Target Audience.  Bresenham is written as a subroutine returning either a yes or no for LOS.  This was written for constructive simulations.

Elevation Models Used.  Bresenham expects terrain to be in a regular UTM grid.  Data stored in a latitude/longitude format (i.e. DTED) has to be resampled to produce a regular grid before the model is executed.  

Elevation values are given at each grid post, but is represented as a grid square.  The entire grid square takes on the elevation value of the grid post.  The post is located at the southwest corner of the grid square.

Features Used.  LOS in Bresenham can be blocked by features.  Features are defined as either vegetation or urban.  One of the modification to Bresenham is to allow the sensor to see through vegetation by a predefined distance (CTO).  Also, the target can be seen through the vegetation by a predefined distance (CTT).  CTO and CTT are usually given the value of one or two grid squares.  This essentially removes the vegetation around the sensor and target by CTO and CTT.  

Like elevation, features are stored as grid posts, but are represented as grid squares.

Sensor and Target Heights.  The sensor and target heights are inputs to the subroutine and can be different every time the subroutine is accessed.

Sensor and Target Locations.  The sensor and target can be located anywhere on the terrain.  The elevation of the terrain at the sensor and target locations is the elevation of the grid post located at the southwest corner of the grid squares.

LOS Scope.  Bresenham can only play flat earth.

LOS Investigation.  Bresenham only does point-to-point LOS.  However, a simple program can be developed to calculate point-to-area and area-to-point LOS.

Algorithm Description.  The sensor and target are placed on the ground and a line is drawn between them.  The grid squares crossed by the line between the sensor/target line are examined.  If the elevation of any of these grid squares is higher than the sensor/target line, LOS is blocked. 

Other considerations.  Bresenham does not consider refraction or reflection.
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Figure ___  An example of how Bresenham simulates grid cells.

Battlespace Terrain Reasoning and Awareness (BTRA) LOS Algorithm

Background.  The BTRA LOS algorithm was developed under the Battlespace Terrain Reasoning and Awareness program during the 2001-2003 timeframe. The BTRA program was initiated by the U.S. Army Corps of Engineers to use terrain and weather data to provide analytical, decision and execution tools for accelerated decision making and operational agility.

Point of Contact: Michael W. Powers, USACE-ERDC, (703) 428-7804, Michael.W.Powers@erdc.usace.army.mil.  

Computer Languages.  BTRA LOS is written in C and C++ and has been packaged into a DLL for use within the ESRI ArcGIS environment.

Target Audience.  BTRA LOS was written primarily to support the BTRA program. It is currently being ported for use within the C/JMTK (Commercial/Joint Mapping Tool Kit) environment.

Elevation Models Used.  BTRA LOS expects terrain to be in a regular UTM grid.  Data stored in a latitude/longitude format (i.e. DTED) has to be resampled to produce a regular grid before the model is executed.  

Features Used.  BTRA LOS permits the use of blocking features such as a vegetation layer to further limit visibility. Blocking features are presumed to be completely opaque. Thus, an observer in a treed will not have any visibility, and a target in the treed area will not be observable.

Sensor and Target Heights.  The sensor and target heights may be specified either with respect to ground or sea level.

Sensor and Target Locations.  The sensor and target can be located anywhere, including outside the terrain footprint to permit modeling of standoff sensors.

LOS Scope.  BTRA LOS can use flat earth, curved earth, and radar LOS (4/3 curved earth) compensation models.

LOS Investigation.  BTRA LOS permits point-to-point, point-to-arc and point-to-region analysis. It can also accumulate visibility information over arc and region features to generate average visibility statistics. BTRA LOS also can model angular field-of-view of the observer.

Algorithm Description.   For detailed description of mathematics behind the algorithm, see Izraelevitz, D. “A Fast Algorithm for Approximate Viewshed Computation,” Photogrammetric Engineering and Remote Sensing, Vol. 69, No. 7, July 2003, pp. 767-774.  BTRA LOS permits an approximation mode that takes advantage of correlation between adjacent terrain grid points in high resolution digital elevation models to provide 10-100 speed up over exact computation while incurring small errors.

Other considerations.  BTRA LOS does not consider refraction or reflection explicitly, except for the use of the 4/3 radar refraction compensation model.

Perspective View NT LOS Algorithm

Background.  The PVNT LOS algorithm was developed by the US Army Operational Test Command in the early 1990s and was first used in operational test for the Fiber optic Guided Missile trials at Ft. Hunter Liggett California.  It has been modified and maintained at the Naval Postgraduate School (NPS). 

Point of Contact.  Wolfgang Baer, NPS, (313) 656-2209, baer@nps.navy.mil  

Computer Languages.  PVNT is written in C++ in Unix but was ported and maintained for a Windows platform under Visual Studio. 

Target Audience.  PVNT LOS is written as a subroutine package imbedded in the PVNT simulator. It generates a small image (from 1 to 256 per side typically 8x8 is used) of the target and scene and then analyses the image for target pixels. It returns either a yes or no for LOS and the number of pixels on target.  It can output the LOS image pixels for further analysis.

Elevation Models Used.  PVNT expects terrain to be in a UTM block data structure specific to PVNT.  Import routines allow data stored in a latitude/longitude format (i.e. DTED-I) to be resampled to produce an internal 1 meter resolution format. Raw ASCII x,y,z triplets and Grid ASCII formats are also imported for resolutions to 1 meter.

Elevation values are given at each grid post.  Highest resolution is 1m easting and northing, ½ meter elevation. Values are interpolated if necessary during database preparation. Nearest neighbor elevations are picked during execution.

Features Used.  LOS in PVNT can be blocked by features defined by a bottom of the sky elevation.  Features are defined by a vegetation code. Blanking ranges are definable to remove the vegetation around the sensor and target.

Sensor and Target Heights.  The sensor and target heights are inputs to the PVNT and can be different every time a calculation is requested. 

Sensor and Target Locations.  The sensor and target can be located anywhere on the terrain.  Both absolute altitude and relative to the database are used.

LOS Scope.  PVNT can play flat earth over a 64x64 km UTM area at 1 meter resolution. Resolution of 4,16 and 64 meters are also available. 

LOS Investigation.  PVNT does point-to-area LOS by calculating a sensor perspective view.  A 360 deg LOS map can be generated and viewed over an Image map. Alternative algorithms to calculate probabilistic LOS as the rays penetrate through vegetation layers are being developed. 
A world wide Latitude Longitude database is available for global round earth LOS however this code is experimental and not reliable.

Algorithm Description.  The sensor and target are placed on the ground and a Perspective view is generated from the sensor to the target.  The view buffer contains the x,y,z and descriptor of the ground or target pixel hit. The buffer is analyzed for Number of target pixels. If the window size is set down to 1x1 only a yes no answer is returned. The advantage to the “small view” approach is that partial target, what obscured the target, and foreground background contrast information is available to feed more sophisticated detection algorithms.

Other considerations.  PVNT is available as executable and will be made available as open source to government agencies and qualified contractors during FY 04. Due to the large data management problems associated with multi G-Byte 1 meter terrain sets we do not recommend using this algorithms independent of the terrain management routines provided with the PVNT program. The PVNT provides a LAN and Web based interface and can be used as an LOS server. A client sends an LOS request and gets a percent of target-obscured response. 


Speed of the LOS calculations are ~60 per sec at 256x256 LOS image size on a 3Ghz HP Pavilion Lap Top. The response scales with the linear length of the image used. An 8x8 LOS image runs at 60x32 =~2000LOS/sec. The limit is the data load disk access.

JWARS Terrain Probability of Line of Sight (PLOS)

Background.  The Joint Warfare System (JWARS) model is a theater level, stochastic, campaign warfare simulation.  It treats roughness and LOS statistically.  In particular, it requires the generation of a characteristic probability of LOS between shooters and targets for direct fire adjudication using Lanchester-like difference-equation algorithms.  It also requires the incorporation of terrain LOS for surface-to-air adjudication and air-to-surface reconnaissance and surveillance.

The current JWARS model has evolved from an initial LOS methodology supplied by TRAC-WSMR.  That model has been modified to yield improved fits to empirical LOS curves at relatively short observer-target separations and to make PLOS a function of observer height.

Points of Contact.  H. Ric Blacksten, CACI International, Inc., (703) 558-0285, rblacksten@caci.com.;  Chuck Burdick, Lockheed Martin, Inc., (703) 696-9490, chuck.burdick@lmco.com.

Computer Languages.  The JWARS PLOS model was prototyped in Excel/VBA (available on request).  The preprocessor to generate and store parameters for the entire playbox has now been implemented in Smalltalk.  The JWARS runtime PLOS algorithm has also implemented in Smalltalk.

Target Audience.  During JWARS execution, the JWARS PLOS model can, upon request:

· Generate a probability of LOS as a function of observer-target separation and observer height above the terrain.  This probability may be used in aggregate land warfare attrition models or for discretely determining yes/no LOS (with the caveat (applicable to other similar models) that this probability is unconditional so should be resampled only after the observer or target has moved significant distance).

· Generate a cumulative probability distribution for horizon angle from a ground station or target. This distribution may be used to stochastically generate horizon angles for use in surface-to-air missile adjudication and air-to-surface reconnaissance and surveillance.

This model was developed for constructive simulations using stochastic or deterministic submodels.

Features of Model.  The JWARS PLOS model employs only four parameters to characterize the roughness and terrain LOS for user-defined geographical grid squares.  The model provides roughness (for LOS purposes) as a function of observer-target separation.  The model treats observer height as a variable of the model, generating PLOS curves for any observer height using the same four parameters (which are a function of target height).  The model consists of a preprocessor to generate the four parameters for each grid cell, and a PLOS algorithm to generate PLOS during JWARS replications.

The model also generates a cumulative probability model for horizon angle from a ground station and an inverse of that distribution for use in stochastically generating horizon angles from that station.  For this application a separate set of four parameters must be generated using the ground station height as the target height.

Elevation Models Used.  JWARS PLOS preprocessor employs terrain represented in a regular x-y grid.  Data stored in a latitude/longitude format (e.g., DTED) must to be resampled to produce a regular grid before the model is executed.  

Elevation values are given at each grid post.  During the preprocessing phase, the elevation of a point not located on a grid post is effectively calculated using a four point bilinear ("soap film") interpolation.

Terrain and Groundcover Features Used.  The basic JWARS PLOS model provides bare earth terrain PLOS only.  (Ground cover, including vegetation and features, is to be addressed in supplemental JWARS LOS models.)  

Sensor and Target Heights.  The basic target height above the terrain is assumed constant.  The four parameters of the JWARS PLOS model are a function of this target height.  If the model is to be used for targets near the ground (soldiers, tanks) a single small target elevation (1 meter, say) should provide reasonably characteristic curves.  For a significantly elevated "target" such as a anti-aircraft radar antenna, the preprocessor must be rerun and the resulting four parameters used to characterize PLOS (and horizon angle) to that target.

The sensor height (observer or shooter height, for land combat, or the aircraft height for surface-to-air and air-to-surface adjudication) need not be specified for preprocessing, since these heights are variables in the model.  During JWARS simulation execution, probability of LOS is provided on demand for any sensor height and sensor-target separation.

Sensor and Target Locations.  The sensor and target locations may be located anywhere on the terrain, and in the present implementation are randomly assigned.  Currently there is no provision in the preprocessor to account for tactically realistic sensor or target siting.

LOS Scope.  JWARS PLOS model implicitly assumes flat earth approximation to the terrain.  The four parameters of the model apply to a user-specified grid cell size used during preprocessor generation, typically 7 km x 7 km.    The JWARS playbox is tiled with these parameters.  A separate set of parameters must be generated for each target height of interest.  When observer and target are not located in the same grid cell, it is currently recommended that the parameters corresponding to the target grid cell be used.

LOS Investigation.  For LOS probability, the JWARS LOS model generates point-to-point probability, though this is used in ground warfare attrition as an area-to-area LOS frequency.  For horizon angle, the model generates a cumulative probability of the horizon being less than a specified angle from a given ground point; the inverse of this probability provides for the stochastic generation of an horizon angle.

Algorithm Description.  The model consists of a preprocessor to generate the four parameters corresponding to a given target height, and then a set of equations used to generate the probability of LOS, cumulative probability of horizon angle, and stochastically generated horizon angle.

The four parameters of the model consist of two parameters describing terrain roughness as a function of range, and two parameters describing how the extinction coefficient for a negative exponential probability of LOS equation should vary with range and target height.

The preprocessor consists of several phases:

· Terrain roughness as a function of observer-target separation is generated empirically by randomly sampling grid squares, subtracting out the "soap film" (bilinear) substrate, and aggregated the squared deviates of digital elevation from the substrate.  As a function of range, the resulting empirical curve for effective roughness generally increases rapidly from near zero and then slows.

· An exponential growth curve is fit to the empirical effective roughness curve, yielding the first two parameters of the model:  a roughness ceiling (crgh) and a roughness growth rate (grgh).  The actually fitting of the parameters is accomplished using average squared deviation as the measure of fit and using a modified downhill simplex algorithm to search for the parameter values minimizing that measure of fit.

· Empirical PLOS curves are generated for a set of observer heights and observer-target separations.  This is done by randomly dropping an observer on the grid cell, randomly choosing an angle from the observer and siting the observer at the end of the corresponding ray from the observer.  (If that yields a target location outside the grid that ray is discarded.)  For each such observer-target pair generated, line-of-sight is then determined by an LOS algorithm that looks across the subcells defined by digital elevation posts, effectively using bilinear interpolation to determine whether ray intersection occurs in any subcell.  The process is repeated until statistically satisfactory curves have been generated.

· A negative exponential PLOS curve with an extinction coefficient (dxtnct) that is a function of range, roughness, and observer height is then fit to the empirical PLOS curves.  The extinction coefficient is an exponential growth curve described by two parameters, an extinction ceiling (cxtnct), and an extinction growth rate (gxtnct).  The actually fitting of the parameters is accomplished using average squared deviation, aggregated across the curves for all observer heights, as the measure of fit and using a modified downhill simplex algorithm to search for the parameter values minimizing that measure of fit.  

During the simulation, a probability of LOS is generated using three sequential equations:

(1) roughness = crgh * (1 – exp( -grgh * R ) )

(2) dxtnct = cxtnct * (1 – exp( -gxtnct * roughness / hobs ) )

(3) PLOS = exp( -dxtnct * R )

The cumulative probability of horizon angle, hrzn, is a function of three of the four PLOS parameters, and is given by the following equation:

(4) F(a) ( Pr(hrzn <= a) = exp( -cxtnct * gxtnct * crgh / tan(a) )

and may be used to stochastically generate an horizon angle by drawing a uniform random number on [0,1] and calculating

(5) hrzn = arctan( - cxtnct * gxtnct * crgh / ln(u) )

which generally is adequately approximated, due to the values of the parameters, as

(5') hrzn =  - cxtnct * gxtnct * crgh / ln(u)

Other considerations.   The model does not currently include any provision for conditional PLOS sampling, i.e., sampling probability of LOS for observer-target pairs near to pairs already sampled.

Probabilistic Line of Sight (PLOS)

Background.    PLOS is a capability to add error propagation to existing LOS algorithms, that is, it will predict the probability of line sight existing between an observer and a target based on the geometry of the terrain and estimated relative vertical accuracy of the elevation data. The current implementation is based on a simplistic (flat Earth, no refraction) LOS algorithm.  The current implementation will compute probability of LOS for individual points or for all points within a defined range of the observer.

Point of Contact   Ed Wright, Information Extraction and Transport (IET), Inc.  (703)284-0609, ewright@iet.com
Validation:  None

Computer Languages  The current implementation is written in Java.

Target Audience.  PLOS is implemented as a java class that can be included in other applications.  The ultimate audience is decision makers who are using LOS products to make decisions.  PLOS provides a way for users to understand how limitations of the elevation data effect a LOS product.

Elevation Models Used.    PLOS expects terrain to be in a regular UTM grid.  Data stored in a latitude/longitude format (i.e. DTED) has to be resampled to produce a regular grid before the model is executed.  

Elevation values are given at each grid post.  The elevation of a point not located on a grid post is calculated using a four point linear interpolation.

Features Used.  No.

Sensor and Target Heights  The sensor and target heights are inputs to the PLOS class methods 
Sensor and Target Locations  The sensor and target can be located anywhere on the terrain.  The elevation of the terrain below the sensor and target is calculated by using a four-point linear interpolation.

LOS Scope.  The PLOS methodology can be applied to any LOS algorithm.  The current implementation uses a simplistic (flat Earth, no refraction) LOS algorithm.

LOS Investigation.  The current implementation supports point to point and visibility from a point (within a defined range).

Algorithm Description.  The sensor and target are placed on the ground and a line is drawn between them.  Intervening terrain along the line is examined to find the highest (possible) obstruction.  Using these 3 points (observer, possible obstruction, and target) and an error model for relative vertical accuracy as a function of distance (for example a covariance model, or a variogram), the algorithm uses error propagation and a statistical test to estimate the probability that line of sight exists between the observer and the target.

Other considerations.   

MICRODEM/TerraBase LOS Algorithm

Background.  This algorithm was initially developed at the Computer Graphics Laboratory, US Military Academy in the early 1980’s.  It is now maintained at the US Naval Academy.  TerraBase II (last revision spring 2003, with no plans for further development) uses a slightly older version of that algorithm than contained in MICRODEM which is still being actively maintained as freeware (http://www.usna.edu/Users/oceano/pguth/website/microdem.htm).  The current implementation contains a number of options to test various parameters on the LOS algorithm.  This is one of the very few algorithms that does not require reprojection of DTED into a UTM grid.

Point of Contact.  Professor Peter Guth, Department of Oceanography, US Naval Academy, Annapolis MD 21402.   (410)-293-6560; pguth@usna.edu.

Computer Languages.  The algorithm was initially coded in Turbo Pascal, but now uses the Object Pascal in Borland Delphi.  Source code is not distributed.

Validation.  No formal validation, but testing at TEC confirms that it produces essentially identical results to other available weapons fan program.
Target Audience.  Anyone who wants to use the integrated freeware GIS/Terrain Analysis program.

Elevation Models Used.  MICRODEM can use either UTM or lat/long (DTED) DEMs in their native format without reprojection.  Elevation values are given at each grid post.  The elevation of a point not located on a grid post is calculated using a four point bi-linear interpolation, although for testing purposes a number of other interpolation algorithms are supported.

Features Used.  Features or land cover are not currently used. 

Sensor and Target Heights.  The sensor and target heights are inputs and can be different every time.

Sensor and Target Locations.  The sensor and target can be located anywhere on the terrain.  The elevation of the terrain located at the sensor and target locations is calculated by using a four-point linear interpolation.

LOS Scope.  Can use flat earth, curved earth, or radio LOS (user selects radio parameters).

LOS Investigation.  Does point-to-point LOS, and does weapons fans at whatever resolution the user wants (can be sub-pixel).

Algorithm Description.  The sensor and target are placed on the ground and a line is drawn between them in either UTM or geodetic coordinates (user option to select which).  User has several choices about how to select points along the profile for evaluation; in geodetic coordinates most of the simple choices turn out not to be so simple.  Weapons fans are done point to point only to points on the limits of the fan, and all intermediate points are calculated as a by-product.  This provides a significant speedup compared to point to point for every point in the DEM.

Other considerations.  Does not consider refraction or reflection.

GRASS LOS Algorithm

Background.  

GRASS is the Geographic Resource Analysis Support System, developed originally at the Construction Engineering Research Laboratory 1980-1995 as a public domain geographic information system (GIS).  GRASS is Unix based and was developed as a set of programs that could be used as extensions to the standard Unix programs. As an open source system, contributors to the GRASS software have involved many dozen institutions across the globe.  Although the last GRASS release out of the federal government was in the mid 80’s, the rate of development of the GRASS GIS is greatest now, in the early 2000’s, with most of that development occurring in Europe and the Far East.  Source and binary can be downloaded at no cost.

The early developers of GRASS were focused on environmental issues and the GRASS LOS program, r.los, was developed to identify viewsheds from points.  The program was developed at the MIT Intelligent Engineering Systems, along with its sister program, r.traj, which computes ballistic trajectories.

Point of Contact.  

Dr. James Westervelt

Army Corps' Engineering Research and Development Center (ERDC)

    Construction Engineering Research Laboratory (CERL)

          Facilities Division (CN)

P.O. Box 9005, Champaign, IL, 61826-9005.

Phone: 1-800-USA-CERL x6399

Computer Languages.  

C, with dependencies on the GRASS API for data I/O.

Target Audience.  

Was developed with viewsheds for environmental issues in mind, but the level of accuracy exceeds that requirement.

Elevation Models Used.  

Standard gridded digital elevation model with floating point values.

Features Used.  

Computation can be limited to a specific area as denoted by a gridcell map mask.  The elevation values in the DEM are treated as elevations of hard surfaces.  Light is assumed to travel in straight lines – no support is provided for reflection or refraction.

Sensor and Target Heights
The sensor can be put at any location in the 3-D space and the areas of the land represented by the DEM are identified.  There is no specific target.  Read below.

Sensor and Target Locations.  

Sensor location is provided as a command line argument to the program.  The “target” is anywhere in the entire region of the active area of analysis.  That is, all locations in the map are evaluated as potential targets.
LOS Scope.  

The GRASS r.los scope is to identify where, in a DEM, an observer can directly see if placed at a particular 3-d location within that DEM.
LOS Investigation.  

Algorithm Description.  
Functionally, the algorithm works by creating fences that linearly connect the elevation heights represented in the gridded DEM.  This program was developed to be efficient with limited CPU and memory.  It uses the GRASS virtual memory paging algorithm developed to efficiently manage raster GIS data and therefore has a small memory footprint during execution.  It traces rays from the observer to the center of every cell identifying whether that ray is blocked.  If it is not blocked, the angle of that ray is provided as output.  Output is a map of the area of interest showing which cells can be seen by the observer and the angle of the observation.

Other considerations

r.los is part of the active open source GRASS GIS software package; the r.los source is completely open for inspection, adoption, and reuse.  A sister program r.traj, which traces ballistic trajectories, is also available.

ZCAP LOS Algorithm

Background 

The ZCAP Research and Development project entailed research the development of software tools for assessing correlation between databases designed for distributed simulation applications typically employed for the purposes of training, mission rehearsal, and tactics assessment.  The suite of software tools known as ZCAP provides capabilities for terrain correlation testing, culture correlation testing, line of sight (LOS) correlation testing, coordinate conversions, shift detection, terrain database sampling, terrain remediation, terrain database generation, and terrain database visualization.  

Point of Contact 

Dr. Guy Schiavone.

Assistant Professor, Dept of Electrical and Computer engineering

University of Central Florida, FL 32826

Email: guy@ist.ucf.edu
Ph: 407-882-1350

Computer Languages and Packages
The Computer languages and the software tools used in the algorithm include C, C++, GNUPLOT, Tcl-Tk, Libsx, Z_FINDER, TOGL1.4, ), and SPOOLES1.0. These tools have been integrated into a common interface, and go by the name of ZCAP 4.1. This software was developed to run on Silicon Graphics machines running IRIX 6.2. The following converters were developed in the course of this project, and are supplied with ZCAP:  Standard Simulator Data Base Interchange Format (SIF) to OpenFlight© Version 15.4 format, S1000 format to OpenFlight© Version 15.4 format, and ZCAP format to OpenFlight© Version 15.4 format.  The ZCAP to OpenFlight© 

Target Audience  

IST’s suite of terrain database correlation tools, collectively known as ZCAP, has proven useful for assessing spatial consistency between heterogeneous terrain datasets designed for networked simulation and training applications.  Originally, ZCAP was developed under the Visual Testbed Project (VTB) funded by STRICOM and DMSO.  By the time of the completion of the VTB project in 1996, it had become obvious that a number of enhancements to ZCAP were required to meet anticipated needs of future analysts and database developers.   One of the foremost needs was the ability to handle a larger set of database formats.  Another need was the ability to assess the quality of terrain data contained in larger databases than the then-current version of ZCAP could handle.  A third goal was to investigate approaches to improve the usability of the ZCAP correlation testing software

Elevation Models & Features Used 

One aspect of IST’s ZCAP enhancement effort was the adoption of a more representationally complete and size-efficient terrain database format.  The original ZCAP format is an easy-to-use, simple vector format that is stored entirely as ASCII text.  It is a non-proprietary, platform-neutral format.  The simplicity of ZCAP format, however, precluded representation of relatively large terrain databases in terms of spatial extents and feature density and of representation of metadata required for automating ZCAP correlation tests. An initial step taken by IST to improve the original ZCAP format was the development of a ZCAP database header file containing high-level statistics and other metadata about a ZCAP database.

One database is a portion of Fort Hunter-Liggett terrain in S1000 format. The other is the same portion in OpenFlight© format. - ZCAP converters are tools that parse through terrain data in a foreign format, and convert the polygons and attributes into ZCAP 3D format for subsequent processing by ZCAP correlation testing tools or utilities. A new CTDB sampling tool was developed in the course of this project, compatible with .c7b format.  Also, the existing OpenFlight sampling tool was upgraded to OpenFlight Version 15.4 using the MultiGen API.  These new sampling tools are in addition to the previously existing tools for sampling SIF, S1000, and ZCAP formats.

LOS Scope  

Schiavone et al. [1-6] state that the LOS test has the maximum sensitivity if the LOS segment length is such that it yields a probability of 50% of visibility. Fifty-percent visibility means that 50% of the LOS is blocked by features or terrain.

The solution to this problem consists in finding a root of the curve at LOS visibility value of 50%. We use the Secant method to find the LOS segment length at 50% visibility. To ensure that the LOS segment length provides 50 % visibility, each curve point visibility is the average of 30 trials of 200 LOS segments. To take advantage of the Grid method, the processing is done in one batch of 6000 LOS segments. The convergence criterion is achieved when the average visibility of the 30 trials gives a confidence interval that contains 50% at 95% significance level. This guarantees that the LOS segment length found yields a probability of 50% visibility with 5% of probability of error. 

LOS Investigation  

Like the culture correlation test, the Line of Sight Correlation Test (LOS test) uses the Kappa statistic [6]. Instead of generating random sample points, the LOS test computes the agreement of LOS blockage by culture features or terrain skin. The LOS is measured along vectors with equal length.

The previously implemented algorithm had time O(NM) complexity. An algorithm that uses the Grid method has better performance: O(N+M) time complexity. Similar to the previous approach, the Grid method is used to efficiently organize LOS data.  Efficient LOS methods reported in reference [10] use considerable more memory space to organize the terrain database. Also, some of the algorithms in [10] are peculiarly adopted for regularly-spaced gridded representations, and are not applicable to generalized TINs that are typical of terrain databases used for visual applications and increasingly common in CGF applications as well.  In our approach, LOS sample data occupies less memory space than terrain data.

LOS segments are generated such that they are randomly distributed over the terrain. The end points of the segments are at a certain height (constant) above the terrain surface. The main processing of this test is the calculation of the intersection between LOS segments and terrain polygons

Algorithm Description 

The terrain correlation test computes statistics on elevation differences between two terrain surfaces. It involves:

Choice between uniform random or feature-based stratified sample generation;

Baseline terrain database sampling (z value calculation) ;

Subject terrain database sampling (using the same sample points);

Elevation difference calculation and statistics computation.

Statistics include mean, median, variance, standard deviation, skewness, kurtosis, magnitude of the maximum elevation difference, and critical value of the acceptance sampling test based on the elevation differences

As part of IST’s research and development for ZCAP, a prototype tool for terrain analysis and visualization, called the Remote Correlation Analysis Tool (RCAT), has been developed.  RCAT is capable of performing terrain database analysis and visualization tasks from a remote location via the internet.  RCAT is coded in Java for easy remote operation and portability, and currently uses VRML for terrain database visualization 

Reference:

[1]Guy A. Schiavone , S. Sureshchandran and Kenneth Hardis. "A Multifaceted Approach to Interoperability Issues in Training with Distributed Interactive Simulation usign Dissimilar SImulators", ACM Transactions on Modeling and Simulation (TOMACS), Vol. 7, No. 3, July, 1997, pp.332-367. Author:

[2] Milton T. Sakude, Guy Schiavone, Hector Morelos-Borja, Kenneth C. Hardis, Glenn Martin, and Art Cortes, ”Recent Advances on Terrain Database Correlation Testing”, presented at the SPIE Aerosense Conference, Orlando, FL, April 1998.

[3] Guy A. Schiavone, Russell S. Nelson and Brain Goldiez, "Statistical Certification of Terrain Databases", Proceedings of the 16th Interservice/Industry Training Systems and Education Conference, Orlando, FL, November 28 - December 1, 1994, paper no. 4-9.

[3] G. A. Schiavone, Z. Chen and S. Kim: “Culture Correlation Testing for Terrain Databases in Distributed Interactive Simulation”, Proceedings of 13th Workshop on the Interoperability of Distributed Interactive Simulations, pp. 289-294, March 1995.

[4] Guy A. Schiavone and Art Cortes, “ZCAP4.1 User’s Manual”, IST Technical Report IST-TR-98-12, September 1998.

[5] Guy A. Schiavone, Mohua Kar, and Art Cortes, “ZCAP4.1 Programmer’s Documentation”, IST Technical Report IST-TR-98-13, September 1998.

Arena LOS

Background   The Arena Information Operations modeling system was developed by Southwest Research Institute for the Joint Information Operations Center (formerly the Joint Command and Control Warfare Center).  It provides two LOS algorithms, the Arena LOS algorithm and the SEEFAR algorithm.  (See Arena/SIMDAS SEFAR.)

Point of Contact   Art Rasmussen, Southwest Research Institute, 210-522-3005, arthur.rasmussen@swri.org

Computer Languages    The Arena LOS algorithm was initially implemented in C++ and has been reimplemented in Java.

Target Audience    The Arena LOS model was developed to display LOS fans on the Arena map tool.  It uses an algorithm that computes the visibility of points along a single radial.  The spacing of points along the radial is given as an argument to the algorithm.  The algorithm is called repeatedly to produce a fan.

Elevation Models Used     The model uses DTED.

Features Used     Arena LOS does not model vegetation or urban features.

Sensor and Target Heights    Sensor and target heights are inputs to the algorithm and can be changed each time the algorithm is run.

Sensor and Target Locations    The sensor and target locations can be anywhere on the terrain.  Four-point interpolation is used to determine the elevation of a site that is between terrain grid points.

LOS Scope    Arena LOS can use flat earth, curved earth, or radar LOS models.

LOS Investigation    The model calculates LOS along radials.

Algorithm Description    The algorithm takes as arguments sensor and target heights, center of fan, field of view, stepping distance along the radial, and angle spacing between radials.  At each stepping point along a radial, the terrain is checked to track the highest obstruction along the path.  A line is drawn from the sensor to the target at the stepping point to determine whether LOS is obstructed at that location and then the algorithm moves to the next step along the current radial.   LOS is calculated along multiple radials to produce a fan.

Arena/SIMDAS SEEFAR

Background   The SIMDAS and Arena Information Operations modeling systems were developed by Southwest Research Institute for the Joint Information Operations Center (JIOC; formerly the Joint Command and Control Warfare Center).  They provide an interface to the SEEFAR terrain masking LOS model; the SEEFAR model was developed by the JIOC.

Point of Contact    Point of Contact for SIMDAS/Arena: Art Rasmussen, Southwest Research Institute, 210-522-3005, arthur.rasmussen@swri.org.  Point of Contact for SEEFAR: Captain Michael Schupbach, Joint Information Operations Center, 210-977-5279, michael.schupbach@jioc.osis.gov.

Computer Languages    The SEEFAR model is implemented in FORTRAN.  The model is used by the SIMDAS control and display software, implemented in C.  It is also used by the Arena control and display software.  Arena was originally implemented in C++.  The latest version is implemented in Java.

Target Audience   The SEEFAR model was developed to support electronic warfare analysts at the Joint Information Operation Center. The SIMDAS and Arena software packages were developed to allow analysts simplified, task-focused access to the SEEFAR model.

Elevation Models Used    The model uses DTED.

Features Used    SEEFAR does not model urban or vegetation features.

Sensor and Target Heights    There is no specific target.  The LOS is calculated over the entire range of the radar.  The height of the antenna is an argument to the algorithm and can be changed each time the algorithm is run.

Sensor and Target Locations    There is no specific target.  The radar’s location and elevation must be supplied as arguments to the algorithm.  Multiple radars may be specified.

LOS Scope    SEEFAR can use flat earth, curved earth, or radar LOS models.

LOS Investigation    The model provides point-to-area LOS calculation.  

Algorithm Description    The SEEFAR model uses terrain elevation data, equipment locations, and antenna height to generate HOWHI values over the area within the radar’s range.  A HOWHI value gives the minimum required height above ground for a target to be seen at a location.  Multiple radars may be specified to produce a combined HOWHI coverage.  The SEEFAR model takes into account the curvature of the earth, terrain masking, and range limits.  The model can perform Circular Error Probable (CEP) processing to account for error in the emitter’s location.  

ERDAS IMAGINE LOS Algorithm

Background.

The Leica-Geosystems LLC LOS algorithm was originally developed in 1995.   The primary objective of the algorithm is to generate a thematic raster image which is color-coded based on the line-of-sight calculations from one or more observers.  The colors within the image could represent either seen/not seen, the number of observers that can see that location, or  how high the observer would have to be in order to see that specific location.  In the latter case a range of elevations are assigned to each color value.  The field-of-view property can be specified from 0 to 360 degrees.  Viewing distance is limited by the extent of the terrain only.

Point of Contact.  

Wade Hundley Visualization Manager, Engineering

Computer Languages.  

The LOS algorithm was originally implemented in C for Solaris.  However, the code has since been ported to windows.

Target Audience.  

The LOS algorithm has been fielded in the Viewshed application which runs within the ERDAS IMAGINE environment.

Elevation Models Used.  

The LOS algorithm expects the elevation data to be in a regular grid form.  The data could be in any IMAGINE supported raster format.  It will also work with any coordinate systems.

Features Used.  

Only elevation values from the image are used for generating the LOS analysis.

Sensor and Target Heights
The LOS algorithm uses a sensor location, a specified field-of-view, and viewing distance.  The algorithm does not allow specific targets to be specified.

Sensor and Target Locations.  

See above comment.

LOS Scope.  

LOS Investigation.  

Algorithm Description.

The LOS algorithm will identify the number of "spokes" it needs to generate based on the the field-of-view and viewing distance properties.  If a zero field-of-view is specified then it will select enough spokes such that every pixel at the outer perimeter will be included (thus guaranteeing that every pixel within the perimeter will be included).

As it traverses down each spoke, starting at the observers position, it will calculate the distance between the elevation of the image pixel and the current observers height (Zdelta).  If the next image pixel is less than the last seen image pixel's elevation minus the Zdelta and divided by n (where n equals the number of pixels processed along the spoke up to the last seen image pixel) then the pixel cannot be seen by the observer; otherwise, it can be seen by the observer.  If the pixel can be seen then the Zdelta is recalculated using the new image pixel; otherwise, the last seen image pixel minus Zdelta will be used for the next calculation.
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   Exhibits how the LOS algorithm represents height values.

ESRI Line-of-Sight Algorithm / ESRI Visibility Algorithm 

Background. 

ESRI uses different routines to calculate Line-of Sight Analysis (visibility between two specific points) and visibility within a viewshed. 

Line-of-Sight:  Uses a slope angle comparison of a full profile to determine visible and invisible terrain between two point locations.  It calculates 3D obstruction points, a terrain profile, a poly-line of visible/invisible segments, and a Boolean figure defining target visibility.  The LOS algorithm requires the ArcGIS 3D Analyst Extension or the ArcGIS Engine or Server 3D Option.

Viewshed Visibility:  Uses an expanding local horizon analysis of slope angles to determine visible and invisible terrain. A raster is created indicating whether each cell is visible or hidden to the sensor.  If multiple sensors are used, the cell value can indicate the number of sensor sites, and which sensor sites, can see each cell.  The Visibility algorithm requires either the ArcGIS Spatial Analyst or 3D Analyst Extensions, or the ArcGIS Engine or Server Spatial or 3D Options.

Point of Contact:  Gary Scoffield, 703-506-9515 x8123, gscoffield@esri.com

Computer Languages:  C++ (proprietary algorithm).  Algorithm is accessible as an ArcObject.  ArcObjects are available in ArcGIS Desktop, Engine, and Server.  In ArcGIS Desktop, ArcObjects can be accessed through COM, .NET, or C++. In ArcGIS Engine, ArcObjects are accessed through COM, .NET, C++, or Java. In ArcGIS Server, ArcObjects are accessed through .NET or Java.

Target Audience:  ArcGIS Users.

Elevation Models Used:  

Any elevation data in 2-D projected coordinates can be used as input.  Elevation is represented as a continuous surface, re-sampled using bilinear interpolation.  

TINs are also accepted as input, where profile points are calculated only at edge crossings and node locations.

Features Used:    

Target heights can be provided by a feature attribute table, where the attribute value is added to the surface z of each mesh point when that point is analyzed for visibility.

Sensor and Target Heights:

Sensor height is added to the z value of the sensor location.

Target height is added to the z value of each mesh point, but only at the time that the point is considered for visibility.  Intervening cells between sensor and target mesh point are left alone.

Target heights can be provided by a feature attribute table, where the attribute value is added to the z value of each mesh point when it is analyzed for visibility.

Sensor and Target Locations:  

LOS Sensor and Target need to be 3D (x, y, and z)

Multiple sensor locations can be provided for viewshed calculations, with the resulting raster cell value indicating the number of sensor sites, and which sensor sites, that can see each cell.   

The surface elevation for the sensor location can be specified.  If not provided, the elevation at sensor location is interpolated from the input elevation matrix by bilinear interpolation.

LOS Scope:  

Both line of sight and viewshed visibility allow for optional use of earth curvature and atmospheric refraction corrections.  These options are available only if the data is projected and uses standard units. 

The user is allowed to change the atmospheric refraction coefficient.

Algorithm Description:  

 Proprietary Algorithm 

Other considerations
User can provide horizontal angle limits (azimuth range) and vertical angle limits for viewshed calculations.

GeoMedia Terrain

The line of sight algorithm used in GeoMedia Terrain is reasonably standard

and is based on models used by US Army for survey and Military Terrain

Analysis. 

It utilizes factors of elevation at initial site (asking operator

to key in value for height above terrain at observation point) and value for

height of obstruction or objective. 

It calculates ray from-to and compensates with curvature/refraction constant per FM 5-232. 

Visibility possibilities include point to point, visibility fans, visibility polygons.

Fans and polygons require additional inputs of max distance and angle of

rays (every 1 degree from initial baseline, 2 degrees, etc.)

Elevations/heights derived from elevation model created from source data

(typically DTED now, TIN in next release) Code is written in C.

The process uses the elevation model as the basis for 'height' in that an

elevation is distance above/below a datum. We determine the x-y location of

the observer, target, obstacles and interpolate the z elevation at that

location using the elevation model. 

The view height etc. is the height value entered into the GUI by the operator added to the (interpolated) elevation at model surface. The same process holds for the ray or rays. 

GeoMedia Terrain can perform LOS as well as viewshed analysis--using 'fans' or visibility polygons.)
Point of Contact:  Scott Seeley, 256.730.7726, scott.seeley@intergraph.com 

Janus LOS Algorithm

Version.

Validation.  Conducted through the Army Modeling and Simulation Office (AMSO) Standards Nomination Approval Process (SNAP) and has been included into the Army Standards Repository System (ASTARS). www.amso.mil, www.snap.mil, www.astars.mil 
ModSAF LOS Regular Triangle Algorithm

Validation.  Conducted through the Army Modeling and Simulation Office (AMSO) Standards Nomination Approval Process (SNAP) and has been included into the Army Standards Repository System (ASTARS). www.amso.mil, www.snap.mil, www.astars.mil 
Triangulated Irregular Network (TIN) LOS Algorithm

Validation.  NO

In the works
MapInfo LOS Algorithm

Tasked to John Tate

Bently LOS Algorithm

Ray cannot get anyone to answer him back

AutoDesk LOS Algorithm

Ray cannot get anyone to answer him back
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