Line of Sight (LoS)

Evaluation and Validation

General

The presence, or absence, of Line of Sight (LoS) is an important aspect of combat and combat
training and, therefore, critical in the design of a live fire training range. Long distances,
natural terrain, structures, plus firing positions and targets can all combine to block the view
downrange. The designer must perform a graphical and/or numerical line-of-sight analysis
during the design process to ensure that all firing positions, targets, limit markers, lane
markers, etc. are properly sited and visible from the required location(s). LoS analysis may
also be required from the control tower and camera locations to targets, firing positions,
maneuver areas, etc. The computer-based analysis must begin with an accurate terrain model.
Topographic surveys for the design of a range require sufficient accuracy to produce 0.5-
meter (1foot) contour intervals. The individual range sections in the RDG contain specific
information on the LoS requirements for each particular range. In addition, on mounted
maneuver ranges, the designer must coordinate with the range training and functional support
personnel at the installation, ACOM, and TCM Ranges to determine the required training
engagements and develop the target engagement capability matrix and subsequent LoS
requirements.

The RTLP MCX at the Huntsville Center reviews the required LoS as part of the design review
process. For the larger maneuver ranges, the MCX uses a computer tool to analyze the LoS at
designated milestones during the design; generally, the 35% and 95% design stages. The
designer must provide fully modeled data, to include survey data, proposed trails, proposed
target berms, proposed downrange power centers, target engagement capability matrix, and
proposed firing and target positions in the format defined below for the evaluation. The MCX
processes the data through the LoS analysis tool to determine/verify that the proposed range
meets training table requirements. For small arms qualification ranges, the MCX may only
verify that the designer has performed the required LoS analysis. The designer must provide
profiles showing the required LoS. The stakeholders will evaluate and validate that the range
provides the required LoS. None of these reviews absolves the designer from the responsibility
of providing required line-of-sight when designing the range.

The angle of fire (AoF) is an important piece of information that the LoS calculates. The AoF
affects the berms design and protection of the target equipment. Refer to the individual
targetry emplacement sections in the RDG for detailed requirements/limits for angle of fire.
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The other element of target visibility, (i.e. the target lifters ability to present 100% of the target
silhouette above the berm), is beyond the scope of the RDG and not addressed in this section.

Line of Sight tools also perform beaten zone analyses. The beaten zone is the areas behind
targets where rounds regularly hit. The repeated impact of rounds in the same small area can
cause severe damage to range infrastructure and terrain features. Beaten zone analysis is
especially critical on heavily used stationary firing position - target combinations; like tank
zeroing and on small arms qualification ranges. The designer is responsible for minimizing the
risk of damage to critical downrange features or structures.

Line of Sight Philosophy

It is critical during the range design process to provide maximum target visibility for the shooter.
With very few exceptions, design the ranges to provide 100% visibility of all required targets.
This is critical for qualification ranges in order to maintain qualification standards; extremely
little variance is allowed. On some tactical and maneuver ranges, the intent is sometimes to
provide more realistic battlefield conditions and in some cases, 100% target visibility may not
always be required; some allowances may be possible with the approval of the installation, the
MCX, and TCM Ranges. Coordinate with the stakeholders and refer to the individual ranges for
specific information on the LoS requirements for each particular range.

Note that there are two different sets of criteria used for ranges, one during the design and
construction process and another for training purposes. Design and construct ranges for 100%
target visibility with very few exceptions; TCM Ranges, RTLP MCX and the installation, must
all be aware of and approve any exceptions. During training, the target is ‘available’ with at least
90% target visibility.

It is the designer’s responsibility to provide the required LoS. The designer must provide
sufficient analysis and/or calculations to prove that the proposed design provides all required
visibility.

Use the following generally acceptable criteria as a starting point for LoS analysis; coordinate
with the stakeholders for each particular range.

Firing Points

The firing point is the point where LoS is required “From”. The control tower, camera locations,
etc. can also be “firing points” in a LoS analysis. The designer is responsible for ensuring
visibility from every ‘probable’ point within a firing position, both horizontal and vertical.
However, the sheer number can make it impractical to analyze all possibilities. As a practical
minimum, designers perform LoS analysis from the worst-case horizontal and vertical limits and
at discrete points within the firing area. The spacing of the discrete points depends on the type of
firing position, the terrain, and the range type.

The following criteria are the minimum typically used.

Vertical
e 6 inches (150mm) above foxhole or prone firing area on small arms qualification ranges
e Lowest barrel or weapon/commander sight heights for all vehicles trained
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Note: For ranges where vertical angle of fire is critical or may be an issue, LoS analysis may be
required from multiple vertical elevations.

Horizontal
e Center front on single foxholes and prone firing positions
e Four corners and center point on Sniper firing positions
e Start, End, and 50 foot (15 meter) intervals along the centerline of firing box trail
e Center of the pad in both Hull Down and Turret Down positions

Camera

LoS for cameras is typically from a point 1 foot (300mm) above the height of the camera
mounting plate.

Control Tower

For visibility from the control tower, assume a seated position behind the counter, (i.e. 3 feet
above the floor and 3 feet back from the window). Include any obstructions from the tower itself
in the analysis, (e.g. the wall below the window, walkways around the front of the tower, any
railings, etc.) as well as any buildings/terrain around the tower that might block visibility.

Target Point

The Target point is where LoS is required “To”. The intent, as stated above, is to provide 100%
visibility of the target silhouette. In most cases, a significant portion of the target berm is visible
from the firing point, especially on many small arms ranges. On ranges where significant
amounts of cut and fill is required to achieve LoS or on ranges that have long distance
requirements, visibility is only economically achievable to the very top of the berm. Because
computerized LoS tools would show LoS failure from the berm itself, the MCX developed the
following Target LoS points used in the LoS tool for design/construction and availability based
on the standard emplacement configuration. (On the standard SIT/MIT, the berm is even with the
timber, 1 inch (25mm) above the concrete wall. On a SAT/MAT, the berm is 3 inches (75mm)
above the concrete wall.)

Small Arms Qualification Ranges
Small arms qualification ranges do not differentiate between design and availability.
Design Criteria
e LoS point on a SIT or MIT is 0.2 inches (5mm) above the berm, [or one tenth of a foot
(30mm) above the top of the concrete front wall].

e LoS point on a SAT or MAT is 0.6 inches (15mm) above the berm, [or three tenths of a
foot (90mm) above the top of the concrete wall].

Maneuver Ranges

Design Criteria,

The design criteria are the same as that used for small arms qualification ranges.
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e LoS point on a SIT or MIT is 0.2 inches (5Smm) above the berm, [or one tenth of a foot
(30mm) above the top of the concrete front wall].

e LoS point on a SAT or MAT is 0.6 inches (15mm) above the berm, [or three tenths of a
foot (90mm) above the top of the concrete wall].

Availability Analysis Criteria

A target is “available” when at least 90% of the target is visible. Use the following criteria based
on the standard silhouettes.

e LoS point on a SIT or MIT is 5 inches (130mm) above the berm/timber, [or one-half
of a foot (150mm) above the top of the concrete front wall].

e LoS point on a SAT or MAT is 9 inches (230mm) above the berm, [or one foot
(300mm) above the top of the wall].

Horizontal

Use the following criteria to ensure that the entire width of the target is visible, and visible along
the entire track for moving targets.

e SIT — both sides of the target wall

e SAT —both sides and the center point of the target point

e MIT — both ends and a minimum of 15 feet (5 meter) intervals along the target wall

e MAT — Start and end point of track and a minimum of 150 feet (50 meter) intervals along
the target wall.

Ground Clearance

Terrain and vegetation between the firing point and the target are significant issues affecting
LoS. Design the range so that the vegetation, when kept at the typical mowing heights at the
particular location, does not interfere with LoS. Include a consideration of vegetation growth
rates and mowing intervals. Also, consider the fact that shrinking maintenance budgets often
means increased mowing intervals and higher vegetation. Include standard construction
tolerances and the thickness of added topsoil in the design. At a minimum, design the range so
that all lines of sight clear intermediate ground by 6 inches (150mm).

Target Engagement Capability Matrix.

For Mounted Maneuver Ranges, the Project Development Team (PDT), [the designer, the
stakeholders (functional range training support personnel at the installation, ACOM, TCM
Ranges), and the RTLP MCX] develops the project’s Target Engagement Capability Matrix
(capability matrix) based on training standards and the installation’s training requirements at the
beginning of the design process. The capability matrix contains the critical engagements that the
range must provide in order for the project to meet Army training standards and the MCX uses it
to analyze and validate LoS requirements. The matrix starts with a list of required engagements
for the range. During the design process, the PDT adds the specific firing point/target
combinations that meet those training engagements. The designer must include the capability
matrix in each design submittal for validation. Designers should consider hiring their own
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functional range training support personnel to aid in the design process. The final design product
also includes an availability report. The availability report is a spreadsheet for each firing point
showing which targets are visible from that point with the corresponding distance, azimuth, and
angle of fire.
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SAMPLE TARGET ENGAGEMENT CAPABILITY MATRIX

Field Verification

The designer should coordinate with the Government as to whether or not to include field
verification of LoS in the construction contract. The LoS verification should only include the
Target Engagement Capability Matrix. The field verification identifies LoS issues whether
resulting from survey, design, or construction error. Identifying and correcting those issues as
early as possible in the construction process saves money. The verification does add cost to the
construction contract and is typically only included on large mounted maneuver ranges; it is
occasionally included on smaller ranges that have significant earthwork requirements. The
contractor’s report informs the Government whether the engagements included in the availability
report are visible. The Government investigates the cause, (survey bust, construction or design
error, etc.), and determines if or how to correct the issue.
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LoS Data Submittal Requirements

The submittal requirements to the RTLP MCX depend on the type of range. The following
paragraphs and each individual range section in the RDG document the requirements for each

type.

Small Arms Qualification Ranges

The designer is required to submit profiles for each required firing position to target
combination.

Mounted Maneuver Ranges

The designer is required to submit a LoS report and provide the following information to the
RTLP MCX for LoS analysis and validation on Mounted Maneuver Ranges:

Preferred Data Submittal

All data should be delivered in a single parent folder with the following sub-folder structure:
1. Submittal Summary Document
2. CAD Folder containing:
a. Existing Topography (.dwg)
b. Proposed Site Plan (.dwg)
c. Erosion Control (.dwg)
3. Details folder containing:
a. Civil Detail Sheets (PDF)
4. LOS Input Data folder containing:
a. Lines folder containing
i. 3D Polylines - firing and target lines (.dwg)
b. Nodes folder containing
1. Nodes — firing, target, and camera points (CSV)
5. Surfaces folder containing:
a. Grading (.dwg)
b. Earthwork Site Plan - polygons of features to be constructed (.dwg)
c. Facades (.dwg)
Descriptions of each above listed item are included in the following sections.

Submittal Summary Document

The designer will provide a PDF summary document detailing the standards used for the design.

This document is crucial for correctly interpreting the data and must include:

a. Layering Standard: The layer/level naming convention and a description of the data on

each layer.
b. Coordinate System: The full name and parameters of the spatial reference system used

(e.g., NAD 1983 HARN StatePlane Florida East FIPS 0901 (US Feet)). All data must be

delivered in this single, consistent projection.
c. Drawing Units: The units used in the design (e.g., US Feet).
d. Naming Conventions: A clear explanation of the naming scheme for targets and firing
points.
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e. Target Engagement Capability Matrix: The matrix mapping all target-to-firing-point
pairings, utilizing the exact naming conventions established in item d, to facilitate the
RTLP-MCX Line of Sight (LoS) validation.

f. File Inventory: A list of all files included in the submittal and a brief description of the
data contained within each file.

CAD Models and Plans

Existing Surface Model

The designer will provide an existing surface digital terrain model using one of the following
formats:

a) AutoCAD Civil 3D surface
b) Land XML Format
c) Electronic comma or space delimited ASCII formatted files containing digital surface
information. Each type of data should be in a separate file. The file formats are as
follows:
a. Random Points should have the following format: ID*, Northing, Easting,
Elevation, Feature*
b. Breakline Information:
i. 1D, Northing, Easting Elevation, Feature, Pencode
ii. Pencode - This field defines for each linear feature a zero (0) or one (1). A
one identifies the first point of a linear component followed other points
within the line having zero. The next new line will start with one.
c. For electronic comma or space delimited ASCII formatted files containing
triangle point information (TIN), the file format is as follows:
i. Random Points should have the following format: ID, Northing, Easting,
Elevation, Feature
Relevant drawings like erosion control and site plan should also be included for reference during
the LOS analysis process.

LOS Input Data

Trail / Moving Target Emplacement Locations

a. Electronic file containing 3D graphic alignments shown at zero elevation at the centerline
of trails and moving target emplacements
b. Profile of existing and proposed alignments and associated profile report in text format.
Stationary Target Emplacement
Electronic comma delimited (CSV)

ASCII formatted file with the following information:

e Point ID
e Name
¢ Northing
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e Easting
e Flevation

Spatial reference system should be specifically named in the summary document.

Start / End Trail Firing Positions

In an electronic CAD file, the designer must locate and label starting and ending firing positions
along the trails.

Surfaces (Proposed)

Proposed Range Digital Terrain

The designer must provide proposed grading drawings including all trails, firing positions, target
locations, and any other site grading/obstruction data required on the project. Please create a
.dwg file for each of the following:

a. Grading file containing 3D lines of proposed grading for the site

b. Earthwork Site Plan file containing 3D polygon outlines of features to be constructed

c. Facades file containing 3D polygon outlines of fagcade structures
Each feature should have elevation information and should be reviewed to mitigate placeholder
values.
NOTE: “short segments” may not fit tolerances for the MCX’s line-of-sight tool. Please review data and vertices to prevent

overlap and geometric redundancies.
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