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Abstract 

To sustain itself as the world's premier land power, the U.S. Army needs 
the capability to support expeditionary forces by projecting a minimal bas-
ing footprint with reduced logistical burdens. Strategically sited contin-
gency bases (CBs) allow the Army’s expeditionary forces to rapidly 
respond throughout a joint area of operations. To help with this goal, the 
Army is funding work in the Engineer Site Identification for the Tactical 
Environment (ENSITE) program, which is dedicated to empowering mili-
tary planners with the data and knowledge to site CB locations. ENSITE’s 
core-software platform builds upon leading geospatial platforms already in 
use by the Army and is designed to offer an easy-to-use, customized set of 
workflows for CB planners. Within this platform are added software com-
ponents (plug-ins) that add specific and powerful functionality and fea-
tures for analyses, while minimizing the program’s complexity to the end 
user. This report provides a snapshot of the ENSITE plug-in development 
process. Completed midway in the four-year ENSITE research effort, this 
report provides an overview of the initial process of developing 10 plug-ins 
and reflects on the way forward for the plug-in development process.  

 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

The Engineer Site Identification for the Tactical Environment (ENSITE) 
program is dedicated to empowering military planners with the data and 
knowledge for choosing the best contingency base (CB) locations. The pro-
gram is sponsored by the Assistant Secretary of the Army for Acquisition, 
Logistics, and Technology (ASA(ALT)), with a funding timeline from Octo-
ber 2015 through September 2018. Figure 1 illustrates that the problems 
addressed by ENSITE research program are interrelated, and they come 
together in the place where the built environment, natural environment, 
and sociocultural environment intersect. These problems could impact CB 
site decisions.  

Figure 1. ENSITE program overview.  

 

Base camp locations and designs are not one-size-fits all; rather they 
should be viewed as a multilayer decision process that supports the Army’s 
mission and the commander’s intent. The built, ecological, and sociocul-
tural environments impact military bases and, in turn, military bases affect 
those three environments. Failure to understand these mutual effects may 
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result in increased logistical burdens for the Army and unintended conse-
quences for local populations and natural resources. These results can 
then negatively impact the military mission. 

ENSITE provides military planners with the ability to integrate and visual-
ize data about the built, natural (ecological), and sociocultural environ-
ments—data that will support analysis of CB site selection. ENSITE is an 
analysis software that builds upon leading geospatial platforms already in 
use by the Army (including ESRI ArcMap®) and offers an easy-to-use, cus-
tomized set of workflows that will remotely evaluate the built, natural, and 
sociocultural characteristics of a potential CB location. With such a tool, 
planners (as well as designers, operators, and managers) can rapidly as-
sess current and future situations to provide proactive operational control 
and alternative situational analyses while they are either deployed or in 
training.  

ENSITE’s software capabilities support the full life cycle of the base—from 
design, construction, and operations/management, to deconstruction. 
ENSITE features software components that add specific functions and fea-
tures while minimizing complexity for the end user. This flexibility and 
ease of operation allows users to deploy ENSITE in the field. ENSITE com-
bines Army doctrine, open-source data, and authoritative Army data in 
conjunction with user input to execute automated processes capable of 
processing large amounts of environmental data in a rapid, consistent, and 
standardized manner.  

Beyond its core software, ENSITE is constructed as a collection of software 
components (commonly referred to as “plug-ins”) that support analysis of 
a CB site by providing answers to the following questions:  

• What resources and infrastructure are locally available? 

• Are military operations likely to affect the life patterns of the lo-
cal population? 

• Where will the construction of a base camp best leverage local re-
sources and minimize local sociocultural or environmental im-
pacts? 

• How can a base camp be built for both a specific intent and a sus-
tainable life cycle? 
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1.2 Objective 

This report is to serve as a snapshot of the ENSITE plug-in development 
process by describing the general approach for how initial plug-ins were 
developed and integrated within ENSITE’s core software. 

1.3 Approach 

Within this report, Chapter 2 provides an overview of the plug-in develop-
ment process including the roles and responsibilities of key players. It in-
troduces the workflow chart that depicts the sequence of procedural steps 
to be followed. Chapter 3 details the required contents within each step. 
Chapter 4 concludes by highlighting the results of this process and reflect-
ing on the way forward, providing helpful plug-in examples, and com-
menting on future improvements.  

1.4 Scope 

This report is noted as version 1.0 because it was completed mid-develop-
ment during the four-year ENSITE research effort. Updated versions are 
anticipated as the Army’s needs and the ENSITE program evolve. 
ENSITE’s has 10 analytical plug-in capabilities as of the time of this publi-
cation, which are listed in Section 4.1 of this report.  
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2 Plug-in Basics 

2.1 What is a plug-in? 

Plug-in applications (plug-ins) are discrete packages of code that extend 
the core functionality of ENSITE’s software. Plug-ins provide the ability to 
create custom software capabilities without investing the large number of 
resources necessary to build an additional software platform from the 
ground up. Plug-ins allow ENSITE to remain flexible in its offered capabil-
ities by offering quick response to the needs of a user community.  

ENSITE plug-ins can be as simple or as complicated as necessary. Current 
capabilities range from calculating slope from elevation data to identifying 
areas from which a CB is vulnerable from direct enemy fire.  

2.2 Key players in development 

The overall ENSITE program is divided into three primary subteams—the 
Analysis team, Data team, and Core-Software team. Each team has distinct 
roles and responsibilities (see list that follows), and a plug-in developer 
must interact with members of each team. Figure 2 illustrates this sub-
team structure.  

Figure 2. ENSITE team structure. 
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2.2.1 Plug-in developer  

The plug-in’s developer is a member of the Analysis Team. He or she is the 
primary point of contact (POC) for a specific plug-in and is ultimately re-
sponsible for producing the plug-in to match the requirements of ENSITE. 
He or she also executes the workflow process, as described in Section 2.3.  

2.2.2 Analysis Team 

The Analysis Team is composed of plug-in developers, ENSITE stakehold-
ers, and a documentation coordinator. Team members are responsible for 
coordinating and producing plug-in applications. Stakeholders drive the 
development of new plug-ins and support quality control. The documenta-
tion coordinator insures complete and consistent documentation of plug-
in components across all teams.  

2.2.3 Data Team 

The Data Team is responsible for all aspects of data used in ENSITE. This 
task includes identifying and obtaining authoritative data, managing the 
storage and manipulation of data, and assuring compliance with data 
standards. All data used by plug-ins must be managed by the Data Team. 

2.2.4 Core-Software Team 

ENSITE’s core software is the foundation of its overall software capability. 
Its core software runs the graphical user interface (GUI) and the software 
necessary to ingest data and scripts, work with databases, and display data 
and analyses on maps. The Core-Software Team is responsible for pro-
graming and delivering the ENSITE core software capability.  

2.3 Development workflow 

The workflow of plug-in development consists of four general steps, as il-
lustrated in Figure 3.  

Figure 3. Plug-in development workflow, from left to right. 

 

Conceptualize, 
Research and 

Design
Write Code

Integrate with 
ENSITE 

Software
Document
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Step 1: Conceptualize, research, and design. All the plug-ins cur-
rently featured in ENSITE were originally identified as necessary capabili-
ties from an end user community. Through interactions with Army 
stakeholders, ENSITE developers identified a necessary capability, per-
formed the necessary research, and produced a conceptual design for the 
plug-in. It is important to note that research is a key component to devel-
oping each capability. The novel nature of ENSITE and the automation of 
the analyses proposed for plug-in development require (a) using cutting-
edge geospatial analysis techniques, (b) a deep understanding of Army 
doctrine, and (c) the ability to identify the most appropriate mode for ac-
complishing the goal (i.e., identifying both data and scripting environ-
ments).  

Step 2: Write code. When developing analytical capabilities, developers 
must write the code to be compatible with the capabilities of ENSITE’s 
core software. Developers must also test the code by using sample datasets 
for quality assurance, with input from both the Data Team and Core-Soft-
ware Team. This quality assurance work is often characterized as an itera-
tive testing and debugging phase. To do this work, the developer must 
follow a set of metadata guidelines for necessary documentation.  

Step 3: Integrate with ENSITE software. After an individual plug-in 
developer finishes his or her code and has tested it on sample datasets to 
ensure accuracy, the next step is to fully integrate it within the core soft-
ware and perform quality control. The Core-Software Team handles the 
majority of the integration, but the developer is responsible for ensuring 
the output (analyses) meet user expectations.  

Step 4: Document. Developers are expected to provide a minimum 
amount of documentation directly in the code. Additionally, the developer 
works with the documentation coordinator to maintain accurate records of 
workflow steps 1-3. These records not only serve as metadata, but they also 
feed ENSITE program briefings.  
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3 Plug-in Requirements 

3.1 Conceptualize, research, and design 

Plug-in development begins with identification of a useful (or necessary) 
capability. Often, these capabilities are discovered through the ENSITE 
team’s interaction with potential end users within the Army. Routine en-
gagement with the active duty, end-user community has been critical to a 
developer’s understanding of Army needs and subsequently, their creation 
of useful analytical tools. When conceptualizing a plug-in, the developer 
must explicitly identify the purpose of the plug-in, what analysis func-
tion(s) it will perform, and what connections it may have to previous plug-
ins. After answering these basic questions, the plug-in developer moves 
forward into the research phase. 

The research phase of plug-in development varies in length and intensity, 
depending on the plug-in capability needed and its complexity. Even base-
line capabilities (such as calculation of terrain slope) require careful re-
search. Although the mathematical basis for calculating slope from 
elevation data is very well established, context and details for the calcula-
tion are important. For instance, based on a survey of Army field manuals 
(FMs), the manuals use both degrees (FM 3-21.10, B-15; FM 3-21.38, 4-5 
and 4-29) and percentages (FM3-21.10, 3-20; FM 3-22.90, 5-25) when de-
scribing terrain. Confusion between degrees and percentage could cause a 
simple slope calculation to be completely incorrect (and thus misleading). 
Even if a single answer cannot be found in doctrine, understanding these 
known issues is crucial to providing trustworthy and accurate analyses.  

More complex analyses present even greater challenges. For instance, 
when the developer begins to incorporate the slope outputs into more so-
phisticated analyses (e.g., understanding possible corridors of ingress or 
egress), much more work is required. These more complex problems re-
quire a deeper understanding of related Army doctrine, physical specifica-
tions of vehicles, and novel applications of spatial science and statistics in 
order to accurately represent physical terrain.  

Design considerations include the following questions:  

• How will a plug-in perform the necessary analysis?  
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• What coding environment best meets the skills of the developer and 
the need to address a given problem?  

• What are the general procedural steps involved in using that code?  
• What inputs are required from the user (through the GUI) or as data?  

The design phase requires close collaboration with both the Data Team 
and Core-Software Team, because the attributes and availability of critical 
data often shape plug-in design, and analysis functions drive software ca-
pabilities.  

3.2 Code development 

3.2.1 Coding choices, communication, and integration 

Developers have the ability to write code as they desire. The key to this in-
dependence is for developers to simultaneously have clear and frequent 
communication with the other teams. 

ENSITE’s core software acts as an intermediary and translator between (a) 
data storage and data preparation, (b) a plug-in, and the display/storage of 
outputs. This approach allows plug-in developers to work in any scripting 
language they desire. They just need to work with the Core-Software Team 
to ensure proper integration. Currently, the core-software supports devel-
opment in the following three languages/environments: R (any version),* 
Python (versions 2 and 3),† and Esri’s‡ Model Builder (ArcMap 10.4§). The 
languages of R and Python are preferred due to their relative stability, 
scalability, and troubleshooting ease. Moreover, development in R and Py-
thon is free, whereas the various Esri products have licensing costs. The 
Army currently owns approximately 13,000 ArcGIS licenses. It is one of 
the primary geospatial suites used Army-wide and thus, it was included as 
a plug-in development option despite its high licensing costs. 

                                                                 

* R is an open-source software that provides a wide variety of statistical and graphical techniques, and it 
is highly extensible. One of R’s strengths is the ease with which well-designed publication-quality plots 
can be produced (https://www.r-project.org/about.html). 
† Python is described as “powerful, fast, plays well with others, runs everywhere, and is friendly and easy 

to learn” (https://www.python.org/about). 
‡ Esri is an international supplier of geographic information system software, web GIS, and geodatabase 

management applications and is headquartered in Redlands, CA (www.esri.com). 
§ http://www.esri.com/en/arcgis/products/arcgis-pro/resources/arcmap-resources 
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The Data Team mandates a strict adherence to the Army’s Ground-Warf-
ighter Geospatial Data Model (GGDM). Developers need to coordinate 
with the Data Team regarding all input and output data. GGDM will dic-
tate all data schema elements including naming conventions, formats, and 
projections.  

To help facilitate communication between the teams, standardized 
metadata helps developers to convey the specific data and processes neces-
sary for each analysis. This metadata allows for easy reference by 
ENSITE’s core software to automatically understand what inputs it must 
provide the plug-in code (e.g., static data and user input from the user in-
terface), and how to store and visualize the eventual outputs. For example, 
the Avenues of Approach plug-in tool is designed to identify mobility corri-
dors for specific types of troops over specific terrain. Required inputs in-
clude a DEM, unit type (derived from user interface), unit size (from user 
interface), base location (from user interface and geodatabase), analysis 
radius (from user interface), and transportation infrastructure, soils, 
weather, and hydrography (from geodatabase). 

3.2.2 Code repository 

Many of ENSITE’s analysis plug-ins will utilize the same basic pieces of 
functionality—for instance, the ability to pull data from or export it into a 
file geodatabase or the creation of user-defined buffers from a central 
point. To save development time and to ensure uniformity of code, the 
Analysis Team established a code repository where established pieces of 
commonly used code are accessible for all.  

Any section of code accomplishing a discrete task (i.e., any piece of code 
that could live as a stand-alone tool) was bundled into a “function.” This 
bundling allows for a greater ease of interoperability and less margin for 
error when foundation capabilities (such as slope) are used as components 
in more complex tools. Rather than simply inserting a given code snippet, 
referencing a function will allow for making changes to the original code 
without requiring complicated manual changes to all subsequent tools. 
The repository is maintained and managed by the Analysis Team. 

3.3 Integration 

The Analysis Team is responsible for quality assurance, meaning that each 
plug-in is stable and able to be used in any appropriate situation. As such, 
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the team performs a series of tests to check for basic scalability and stabil-
ity. The tests aim to answer the following questions: 

• Does the code do what it says it does? 

• Is the actual code consistent with the associated metadata in the ex-
tensible markup language (xml)? 

• Can the code work on multiple computers? 

• Does the code work when appended to other existing analyses in 
the same language/environment? 

Once the plug-in passes a basic quality assurance, the Analysis Team sub-
mits the plug-in to the Core-Software Team for integration within 
ENSITE’s core software. The Core-Software Team handles extracting out-
puts from the geodatabases, projecting data to the appropriate place in the 
world, and “serving” the data to the analysis portion of the code. The core 
software takes outputs created by a given plug-in and performs the coordi-
nate system transformation that is needed to make the output GGDM-
compliant. The Core-Software Team is responsible for quality control (i.e., 
ensuring that products meet consumer expectations).  

As it stands, integrating plug-ins to the core software means the plug-in 
developer and a core-software programmer must work together closely. 
Developers are encouraged to create capabilities outside the current status 
quo. ENSITE is a research effort and in the research stage, plug-ins are in-
novative prototypes. In the future beyond the research and prototype 
phases, each team would develop standards and quality assurance/quality 
control procedures to apply in both intra- and inter-team settings. There 
must be close coordination between all three teams (Analysis, Data, Core 
Software) in order to assure viability, scalability, and compliance when 
moving out of the prototype phase toward full integration. 

3.4 Documentation 

To manage the development of ENSITE and its capabilities, documenta-
tion is important. In order to fulfill the research needs of preparing regular 
progress reports, general documentation was managed through the Docu-
mentation Coordinator. This centralized management coordinator ensures 
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that each step of the workflow is equivalently documented by each devel-
oper (e.g., literature reviews, assumption). Centralized documentation 
management also provides project team managers with a single point-of-
contact for their documentation needs. The Documentation Coordinator 
routinely generates plug-in reports (generally 1–2 pages in length) to de-
scribe the plug-in’s concept, design, results, and a demonstration of how to 
use the tool. These reports were routinely used in program briefing materi-
als.  

Within the code, developers provided commentary describing the coded 
steps in common language. These comments are primarily used in quality 
assurance tests and would provide the following information: 

• Name and contact information of author(s). 

• Applicable dates (started, beginning of testing, submission, dates of 
major edits, etc.) 

• Language and version used. 

• Problem to be solved. 

• Data, software, add-ons, or packages necessary to run the code suc-
cessfully. 

• Analysis that is taking place in the code. 

• Conclusions that the developer has drawn from the development 
process. 
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4 Results and Way Forward 

4.1 Current plug-ins 

ENSITE research to date has produced the following 10 plug-ins that can 
assist ENSITE’s core software to create specific site location analyses. A 
summary of each plug-in is given in the subsections below, examples of 
each are given in Section 4.2, and factsheets with additional information 
and illustration are presented in Appendix A.  

4.1.1 Avenues of Approach 

Identifies mobility corridors (unrestricted, restricted, and severely re-
stricted areas) for specific types of force by incorporating slope, soil type, 
moisture, and land cover data. 

4.1.2 Climate Means 

Creates climate graphs for 10 variables with potential climate-related con-
sequences and effects that support decision making for CB siting (e.g., 
building materials). 

4.1.3 Engineering Report 

Agglomeration of multiple analytical tools. Provides easy access to perti-
nent engineering information in a single report that includes building ma-
terials, site conditions, natural hazards, and regional climate trends. 

4.1.4 Engineering Soil Properties 

Provides a rough assessment of soil behavior for stability and constructa-
bility by analyzing soil permeability, compression, and sheer strength. 

4.1.5 Golden Hour 

Identifies travel distance from a site by medical evacuation (medevac) 
flights by helicopter. Accounts for flight restrictions due to political and 
topographic factors. 
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4.1.6 Heritage Sites 

Generates an index of internationally recognized cultural and natural sites 
within a defined region surrounding proposed locations. 

4.1.7 HUB 

Provides a suite of tools and processes to supply ENSITE components with 
consistent, reliable data that conforms to Army standards. The ENSITE 
HUB consists of three phases: Data Acquisition, Data Governance, and 
Data Processing. 

4.1.8 Line of Sight 

Generates a viewshed of visible points from one or more observer loca-
tions to enable integrated, terrain-driven, force protection analyses. 

4.1.9 Potential Road Zones 

Identifies land areas suitable for roads by using remotely sensed data and 
a combination of engineering soil properties. 

4.1.10 Spatial Nodes of Attraction 

Identifies the socio-spatial conditions in urban areas that foster and pro-
mote the formation of crowds based on the combination of open space and 
sociocultural characteristics. 

4.2 Plug-in examples 

Listed below are detailed examples for all 10 plug-in tools currently in de-
velopment. As noted above, these examples also are documented more 
fully, including illustrations and listing of inputs and outputs, in the ap-
pendix included with this report.  

4.2.1 Avenues of Approach 

An Avenue of Approach (AOA) is an air or ground route taken by an at-
tacking force that leads the force to achieve an objective or key terrain. 
AOAs are classified by type (mounted, dismounted, air, or subterranean), 
formation, and speed of the largest unit that can travel the AOA. Com-
monly, AOA is considered as a component of a terrain analysis. The most 
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common terrain analysis technique is OAKOC, an ordered approach con-
sisting of a review of the following elements: Observation and Fields of 
Fire, Avenues of Approach, Key Terrain, Obstacles, and Cover and Con-
cealment.  

The ENSITE AOA plug-in tool determines the best areas of mobility for 
two forces—dismounted troops and M1 Abrams tank-mounted troops. In-
puts to the AOA analysis include terrain (i.e., digital elevation model), land 
cover, and soil type. Level of maneuverability is then calculated based on 
values found in Army doctrine. For example, with a force type of M1 
Abrams tanks, areas with a slope of 15˚ receive a score of 1 (unrestricted). 

A user selects a candidate location(s) for analysis, selects the force type to 
be mapped, and sets a weighting factor for the importance of each input. 
The AOA analysis classifies each input as unrestricted, restricted or se-
verely restricted based on the force type requirements. These classifica-
tions are then weighted according to user assigned importance.  

4.2.2 Climate Means 

The Climate Means tool create climatic graphs with the purpose of provid-
ing necessary information for a variety of applications. The tool considers 
ten variables (listed in appendix factsheet). Each graph represents the av-
erage monthly variable over 10 years (2006-2016) and 30 years (1986-
2016) within a given area of interest (underlying data at a 0.5 decimal de-
gree scale). This provides a comparison of climatic conditions over the 
short-term and the long-term. The ten climatic variables capture various 
aspects and patterns of weather for a given area. The data supports deci-
sion making with potential climate-related consequences and effects. 
Building materials, for example, are often selected based on climatic con-
ditions. The tool reduces the time needed to produce climatic data in a us-
able fashion for any landmass location in the world.  

ENSITE users select a region of interest. The Climate Means tool pulls lo-
cation-specific data from global landmass climatic coverages to generate 
regional climate graphs. ENSITE software saves the graphs as image files 
to increase their transferability. 
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4.2.3 Engineering Report 

The Engineering Report provides easy access to pertinent engineering in-
formation, allowing users to obtain information for their location of inter-
est in a single report. The Engineering Report is not intended to make 
engineering decisions for engineers or commanding officers. Instead, it 
supplements the information gained from field exploration and the engi-
neer’s/commanding officer’s own knowledge. In many cases, once a site is 
selected, the engineer may have little knowledge of the site, its regional cli-
mate, or construction practices relevant to the location. However, the ur-
gency of military site selection and the time availability of the 
engineer/commanding officer often does not allow for the research and 
time required to obtain this data.  

ENSITE contains tools for determining values that are relevant for per-
forming an engineering analysis and making decisions. Each tool uses 
mapped raster values based on global data. The Engineering Report tool 
pulls data from select ENSITE engineering tools to populate a report. 
There are four sections of the ENSITE Engineering Report—building ma-
terials, site conditions, natural hazards, and regional climate trends.  

4.2.4 Engineering Soil Properties 

The main engineering properties of soils are permeability, compressibility, 
and sheer strength. These properties characterize soil behavior for stability 
and constructability. But the tests required for determination of engineer-
ing properties are generally elaborate and time consuming. Sometimes 
only a rough assessment is needed. The Engineering Soil Properties tool 
creates an index of soil types that are indicative of specific engineering 
properties. Soils are classified and identified based on index properties. 
The eight soil properties reported by the Engineering Soil Properties Tool 
are listed below: 

• material 
• material code 
• vertical foundation pressure 
• lateral bearing pressure 
• coefficient of friction 
• cohesion (as compacted) 
• cohesion (saturated) 
• effective stress friction angle 
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Many soil properties used for construction design are not intrinsic to the 
soil type; instead, a soil’s properties will vary depending on various condi-
tions. In-situ stresses, the presence of water, and the rate and direction of 
loading can all affect the behavior of soils. Prior to evaluating the proper-
ties of a given soil, it is important to determine the existing conditions as 
well as how those conditions may change over the life of the construction 
project.  

4.2.5 Golden Hour 

This analysis plug-in automatically eliminates those locations within no-
fly zones as well as those areas at elevations greater than 10,000 feet above 
sea level. The height restriction is because it is assumed that medevac air-
craft do not operate at elevations higher than 10,000 feet, due not only to 
performance characteristics of the aircraft but also due, even more so, to 
the high-altitude atmospheric impacts on the patients being evacuated. 
Distance calculations are based on the Great Circle of the Earth theorem. 
The UH-60 Black Hawk and the CH-47 Chinook helicopters are the air-
craft assumed to be conducting medevac operations.  

Within the ENSITE software, the user specifies candidate base location(s) 
on a map. The Golden Hour plug-in then draws zones of 0.5, 1.0, and 1.5 
hours around each base location for Black Hawk and Chinook transport.  

4.2.6 Heritage Sites 

The Hague Convention of 1954 (Hague 1954) prohibits the destruction of, 
or construction at, certain types of cultural and natural heritage sites dur-
ing a conflict. The ENSITE Heritage Sites plug-in highlights those heritage 
sites as no-build areas, and it also assists in their protection by placing a 
buffer of 100 m radius around them. The distance of 100 m was selected 
based on knowledge of buffer-zone distances used by other international 
organizations that are interested in site protection and knowledge of a 
proven, practical distance for site protection from arms fire and vibrations 
of moving vehicles. Military significance or criticality of the site is not an 
analysis factor within the tool.  

4.2.7 HUB 

ENSITE HUB is a suite of tools and processes to provide ENSITE compo-
nents with consistent, reliable data that conforms to Army standards. The 
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components of ENSITE HUB can be broken into the following three cate-
gories: 

1. Data Acquisition includes the process to obtain required data for 
ENSITE analyses from various sources.  

2. Data Governance covers both a review of data sources to ensure they 
meet robust standards and an identification of Army Authoritative 
Data Sources.  

3. Data Processing involves transforming data for use in ENSITE Ana-
lyst. This includes changing the schema of vector data to match the 
Ground-warfighter Geospatial Data Model (GGDM).  

Through the tools within ENSITE HUB, a user with little or no GIS experi-
ence can expect to go from initial data collection to a completed, functional 
Mission Folder in a few hours. 

4.2.8 Line of Sight 

The Line of Sight (LoS) plug-in generates a series of points that are ei-
ther visible or not visible from one or more observer locations. The lo-
cation (i.e., x, y, and z coordinates) of all observer and viewpoints are 
defined by the user. In the example shown in, a man standing at the 
observer location would not be able to see a vehicle on the other side of 
the hill, but could see the tower located behind the hill. Therefore, the 
man does not have LoS to the vehicle, but he does have LoS to the 
tower. The technique is likened to holding a length of thread between 
two locations. If the thread, held straight, doesn’t encounter any obsta-
cles, then the LoS is valid.  

To run the LoS plug-in tool in ENSITE, the user selects candidate loca-
tions, or observer points, on the map. For each location, sight rings for se-
lected weapons platforms will appear. In addition to the site rings, a 
viewshed analysis generates a raster of areas believed to be visible based 
upon local topography.  

4.2.9 Potential Road Zones 

The Potential Road Zones plug-in identifies land areas suitable for roads. 
The tool is not intended to make engineering decisions for engineers or 
commanding officers, but instead it supplements the information obtained 
from field exploration and the engineer’s/commanding officer’s own 
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knowledge. A “road zone” is considered to be suitable as a thoroughfare, 
route, or way on land between two places that has been paved or otherwise 
improved to allow travel by foot or some form of conveyance, including a 
motor vehicle.  

ENSITE users select a region of interest, and the Potential Road Zones tool 
calculates the best areas for development of roadways based on current 
soil and terrain conditions. Users weigh the significance of soil and terrain 
conditions based on their mission requirements (i.e., type of road and 
types of travelers).  

4.2.10 Spatial Nodes of Attraction 

The Spatial Nodes of Attraction (SNoA) tool identifies the socio-spatial 
conditions in urban areas that foster and promote the formation of 
crowds. Areas with a greater probability that people will coalesce are iden-
tified by open space—sites that can host many people and have a social or 
cultural association within the city that reinforces the message of the 
crowd. Using geospatial and statistical analyses that describe those ele-
ments, SNoA predicts where people will gather. 

The tool combines open spaces with geospatial data from Open Street 
Map® to indicate areas that contain multiple characteristics. SNoA is in-
tended to alert commanding officers and decision makers to areas in a city 
where people are likely to gather, given the appropriate social and political 
conditions. Crowds—particularly protests and riots—can form quickly, and 
the information presented by SNoA plug-in’s predictions should supple-
ment information obtained from field exploration and the engineer’s or 
commanding officer’s own knowledge. The tool is not intended to make 
decisions for engineers or commanding officers but instead, it augments 
other available information. The output is rendered as a heat map.  

4.3 Next steps 

As ENSITE research continues, the next steps will be improving the pro-
gress of developing plug-ins. A focus on process will facilitate the creation 
of novel, powerful, stable, and high-quality plug-ins. Changes in process 
will revolve around the dual goals of removing opportunities for errors and 
increasing quality of communication and collaboration between teams’ in-
tertwined responsibilities.  
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Specific future steps include the following: 

• Transitioning all plug-in development and version control tasks 
to be within a formal software control system that will track 
changes in code and coordinate work on those codes among 
multiple people and teams.  

• Refining the stages of (a) plug-in creation and (b) plug-in transi-
tion from prototype to fully scalable and finalized analytical ap-
plication.  

• Creating automated quality assurance and quality control test 
scripts. 

• Expanding analytical capabilities by pursuing separate funding 
from stakeholders to develop more novel and/or research-inten-
sive plug-ins. 
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Appendix A: ENSITE Plug-In Factsheets 

While short descriptions of existing prototype plug-ins have been pro-
vided, users could find a more detailed description (including screen shots 
and other illustrations) to be very useful. The factsheets reproduced in Ap-
pendix A provide a deeper look at the technical and strategic level details 
for each plug-in. 
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Avenues of Approach factsheet 
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Climate Means factsheet 
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Engineering Report factsheet 
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Engineering Soils factsheet 
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Golden Hour factsheet 
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Heritage Sites factsheet 
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HUB factsheet 
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Line of Sight factsheet 
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Potential Road Zones factsheet 
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Spatial Nodes of Attraction factsheet 
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