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Abstract

Military training lands are a vital resource for national security and provide crucial
habitat for a number of threatened and endangered species. Military land managers must manage
the land in accordance with federal environmental policy and regulatiole, simultaneously
providing the lands needed for training military forces. Off road maneuver training can cause
significant environmental damage including removal of vegetation, compaction of solls,
increased erosion, loss of habitat, and degradatitmedandscape to a point of not being useful
for continued military training.

Various techniques have been developed to help the military land managers determine a
sustainable training level for the landscape. Many of these techniques have limirtetiens
spatial resolution of data collected and the ability to provide timely and accurate assessments of
training disturbance. Advancements in GPS and GIS technology over the past two decades have
shown the potential to fill this knowledge gap.

In this gudy low cost civilian off the shelf (COTS) GPS devices were accuracy tested to
determine thie capability to provide reliable and accurate military vehicle locations during
training (1.93 m CEP, 4.625m 2dRMS). The GPS data collected from COTS devibeseon
battalion training exercises at Fort Riley, KS were processed in a GIS and statistically analyzed
to compare and contrast several off road maneuver metrics (speed, turning radius, distance
traveled) by vehicle type tracked, and by platoon in oxéetermine if units or vehicle types
could reliably explain the variation in these metrics. Lastly, a method of mapping the relative
environmental disturbance was developed and mapped for the same data sets. Wheel sinkage
was used as a measure of disturce, it was calculated at each GPS point based on vehicle type

and soil conditions then mapped in using a fishnet grid for Fort Riley, Kansas.
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Chapterl-l nt roducti on

The U.S.Department of Defense (DoDgquires a variety of landscapes to allow
military units to conduct a broad spectrtn@ningto prepare for ongoing and future
missions. The DoDi manages and pr ot-bstedspecieswamdioveds5Q05 f e d
species at risko on r380ungitary igstalaonsritDepaltnienotn acr
of Defense2011). The U.SArmy alone is responsible for nearly half of the total land
(12 million acres).Much of the land used by the Army for training is susceptible to
damage as a result off-roadmaneuver trainingThere is airect correlation between
off-road military taining and environmental conditiona military lands Disturbance
by military vehicles includes increased soil compaction, reducedchssture, reduced
soil carbonyeduced vegetative cover, restricted rootadepment, increased erosion,
spreading oinvasive specieand gully formatior{Althoff et al., 2007; 2010; Anderson
et al, 2005; Diersing et al., 198&oran et al., 1983The damage caused by-offad
training can reduce the viability of the land for conducting future training and can result
in injuries to soldiers attempting to maneuver on areas with unexpected gullies and
increased likelihood of flash flooding@his study will test the effectiveness of low cost

commercially available technology to collect data orro&d military maneuvers.

The Military Mission

Thelonemission ofthe DoDisit o provi de the military f«
war and to protect t épatmentat Defens€Og3).dhderour cou
this overarching mission there are a variety of mission sets dirtecgath military

service to ensure the DoD meets its mission. While each service has a separate mission



they all have similarities in mission constraints. One large constraint placed on the
services as they strive to be successful in their missionsaanee availability. The

services are all limited by economic and natural resources. The budgets of each of the
services are continuously stretched to meet demands, and natural resources are limited

and must be used in a sustainable manner in orderdgbfutere needs.

Department of Defense Land Management

The DoD Natural Resources Program is designed to support the military mission
by providing Acontinued access to realist:i
working to ensure the loAgrmsusdt i nabi | ity of our nationbs
(Department of Defens@011). According to the 2012 Department of Defense Report to
Congress on Sustainable Ranges:
A ésustaining a diverse set of range resources is critical to ensuring readiness and
military effectiveness. Using realistic training ranges allows DoD to:
1. Foster the development and maintenance of operatooftiency and
mission readiness
2. Enable increased force operational survivability and mission success
3. Provide realistic environnmts needed for the development of tactical
operational and strategic concepts,well as tactics, techniques, and
procedures (TTPs)
4. Support the testing, evaluation, and improvement of system
maneuverability, reliability, and effectiveness in the rangerenment

outside of the laboratory alevelopment facilityp



Within the framework of DoD land management there are two main stakeholders.
The first are the military land managers who are tasked with ensuring the sustainability of
the resources and compliance with environmental regulations. The second are tke servi
members who train on the DoD lands. These two groups have historically had very

different perspectives on the nature of the landiasnase.

Military Training Lands: A Natural Resources Management Approach

Military landsusagevaries significantly fom other land use types. Some lands
are heavily impacted by intense off road training, while other lands on an installation may
only be subject to projectile impact from weapons, but see no othef heentermittent
use of military lands for trainingnd the desire of military leaders to have multiple
landscapes for training different types of uitg&l mission scenaripisas resulted in
military training lands that are often more representative of historic natural conditions
than adjacent lands. Miiry lands are often not developed or placed in agricultural
usage to the degree ofamyother lands. As military lands have been preserved they
often provide substantial habitat for diverse flora and fauna along with substantial
cultural and archeologitg significant sitegStein et al., 2008)Army lands often are
over represented in numbers of endangered species and species of concern (Stein et al.
2008) which makes it even more important for land managers to adequately manage the
resource.Land managers have the task of managing these species and meeting other
government policy and regulation while balancing the military mission requirerbat.
mission of military land managers is to provide the lands needed for trainmnidjtary
units while smultaneously managing the lands for ecological sustainabilihe DoD

has specified that each military installation with significant environmental and cultural



resources will develop and maintain an Integrated Natural Resources Management Plan

(INRMP) (U.S. Department of the Army, 2005)

Mi Il itary Training Lands: A Warfi

To best meet the warfighterds mission t
and under a variety of environmental conditiomsh e war fi ght er 6s appro
landsin the short ternmay come into direct conflict with ecological best management
practices. For exampl&om an environmental standpoititmay be best to avoid
training during intense raias it could remove vegetation and increase erosion, butdro
warfighterés standpoint, training during vV
warfighter for the conditions that may be faced in battle and is paramount to mission
successThi s concept is furthered byiadtommon
rainindcy ou ai nd6Thea rvaa refienghiilieny @&nd isas a tool to be used
during training for future real world miss
approach does not consider sustainability and ecologic diversitg,tquhe contrary, the
newest environmentatrategy fothe Army forexamplé s A Sust aiirBecurd e Mi s
t he F urhewpnreraige of this strategy is that in order for the Army to continue its
mission of providing land forces necessary to meeftrtission it must use sustainable
business and environmental practicesrder tohave the resources needed to train now
and into thefuture U.S. Army, 2004)

There are at least three main areas where the condition of the environment
directly impactghe military mission: training area availability, economic costs of

training lands, and safety when operating on the landscape.



Training Area Availability
Training area availability is of primary concern to the military user. If the

continued use of tming lands is unsustainablands will become unavailable thereby

limiting opportunities for realistic training. Overuse of training lands can lead to training
areas that do not meet the needs of the user such as areas devoid of vegetation, areas with
substantial gully formation, or flood prone areas. Military users may also see reduced
training area availability if training areas are being rested to allow for recovery after

severe disturbance. As some areas are overused and become less desirabéaiavlan

for training, the remaining lands could see higher training intensities thereby creating an
unsustainable training intensity feedback loop resulting in a degradation of all quality

training areas.

Cost Associated with Maintaining Relevaftaining Sites

There are considerable costs associated with maintaining quality training lands for
military use. The overa#nvironmental funding for the Army for FY 2010 was $1.48
billion and $1.10 billion in ¥ 2011, of which nearly 50% wetd restordon programs

(Department of Defense 2012)

Training Area Safety

The safety of soldiers is paramount to military success. Soldiers are often
required to conduct dangerous missions, but military leadershlpletels is focused on
soldiersafety. Soldiers are injured during training egelr;some of those injuries can
be directly attributed to training lands tlzeie not managed properly. The US Army
Sustainability Report for 2012 indicated that on dyryund accidents were between

2.236 and 2.827 per 1000 Soldiers between fiscal years 2009 and 2011, with fatalities



occurring at a rate @.040 to 0.052 (U.S. Department of the Army, 201¥Yhile some
of these accidents are not occurring due to urgaiditions on training areas, a small
percentage of them are.

*During the course of this research, two training area related accidents occurred
within the three tracked units resulting in soldiers receiving medical attention at a

military hospital.

Study Motivation

This study was designed tordenstratea cost effective means to provide
valuable spatial, tactical and ecological information to various stakeholders engaged in
the use and sustainability DOD lands

Therecurrentlyis avoid in knowledgehat exists between the land managers and
military land users that may be able to be bridged with low cost existing technology.
The void consists of a lack of understanding of where, when and how the land is being
impacted by military users. Land maeas armed with this knowledge would be better
prepared to provide sustainabdafe quality training lands for the military users.
Military land users with this information could better understand the costs associated with
their actions and adjust accorgly.

Usinglow cost readily available passive GPS devices to track milifarsoad
vehicle maneuveand then analyzing and processinmiGIS couldprovidevaluable
data needed by both land managend land users at all levelSome examples ofays
the data could be used are:

1 Environmentaimpactassessments

1 Endangeredpecies conflict assessments



1

Military maneuver After Action Reviews (AAR)

Development of military simulations

Understanding of tactical land ussguirements

Land use intensity mging

LRAM project identification

Help in identification of proper land types for existing and future training
requirements

After accident investigations & safety training assessments

This study will test a selectdow cost civilian produced GPS device for

accuracy, ability to collect relevant data, ease of data processing and applicability to the

needs of land managers and land users.



Chapter2-Backgr ound

Military training lands are often degraded by seleching activities. The
degradation of the lands is dependent upon the type of training being conducted, the
condition of the land prior to the training and the existing climatic conditions at the time
of training. The department of defense employs militeaying land managers,
engineerand environmental managers whave the role of ensuring military lands
comply with federal environmental regulations and also provide sustainable lands that
meet the militaryods c o fhisiliteraturerayiewnvelldirdt f or t
discuss how militarynaneuves cause disturbancénen discuss current methods being
used by land managers to estimate training related disturbance, and finally conclude with
a review of GPS t echn atyofgniitrg maneuter oduct i on

disturbance.

Military Maneuver Disturbance

In order formilitary land managemeimirofessionals to determine the best
management practices and possible impacts from future training they must understand the
interactions between sgéc training events and the landscape. Some military training
disturbance regimes may be localized allowing easy assessments of the impact on the
landscape such as the impact of the use of a small arms range over several acres of land
or the direct impet of a vehicle crossing a stream. Other military training disturbances
may be spread over large portions of the landscape with varying degrees of use such as
noise pollution from aircraft or impacts of large munitions. The main focus of this
research i®n the impact of off roathaneuvetraining on the landscape which often falls

in the category of large wide spread disturbance. In order to understand the impacts of

r



military trainingoverthese large scale disturbance regimes, land management
professiomls and researchersust have knowledge of what kied disturbance is

occurring as a result of the training.

Environmental Effects of Off Road Maneuver Training

Numerous studies have been conducted to determine miti@mguver training
disturbance.Direct impact from off road travel by military vehicles has detrimental
effects on environmental conditionsesearchers have showariousdegraded
environmentatonditionsresulting from off road military vehicle trainin@lthoff et al.
2007; Althoff et al. 2010; Ayers 1994; Fehmi et al. 2001; Goran et al. 1983; Leis et al.
2005; Lindsey and Selim 2012; Milchunas et al. 1996@hanges to soil properties, flora

and fauna as a result of off road military maneuver training are reviewed below.

Maneuver Impacts on Soil Physical Properties
Off-road vehicle traffic has the ability toahge soil physical properti¢alakuku

et al. 2003; Althoff et al. 2007; Althoff et al. 2010; Thurow et al. 19%)il compaction
is an immediate, measurealaind long lasting impact of efbad vehicle traffi¢ Abu-
Hamdeh et al. 2000) Of all impacts of off road vehicle traffichanges to soil properties
arelikely the most significant due to the impactil changefiaveon other factors of
ecological function. For that reason, more time will be spetfitisnthesis on this topic
thanany of the other impacts of efbad maneuver.

Military vehicles interact with the soil both at the surface and at depth through
stress strain relationships. At shallow depths, studies have shown that military vehicles
remove soil layers thru shear stresses caused by the slipping of the wheel lugs or tracks

against the surface of the s@lIithoff et al. 2010; Ayers 1994; Haugen et al. 2003a)



Machinery induced subsoil compaction has also been shown in multiple gfiolies
Hamdeh et al. 2000; Alakukku 1996; Althoff et al. 2007; Ampoorter et al. 2010; Brais
and Camire 1997)

According to Hillel (2004)ompaction is the densification of an unsatutaeil
by the reduction of the fractional air volume. Lal and Shukla (2004) further refine the
definition to fna process | eading to compre
and deformation resulting in decrease in total and macroporosity ancdiogdin water
transmission and gaseous exchanimgtee.loésof Co mp a
air filled volume in the soil, as the soil particles and water are under normally observed
stresses incompressil{leal and Shukla 2004)

The initial soil characteristics have a large effect on subsequent soil compaction.
Of the initial soil characteristics, soil moisture is arguably the most important factor in
the determination of compactibility of the sEMIthoff et al. 2010) Althoff et al. (2010)
foundareas that had higher mige showed significantly more damage than areas that
weredrier at the time of tracking by an M1A1 Abrams tanW/ith little water present in
a soil, the dry solil particles are in direct contact and the force required to overcome the
particle to particle contact is greater than the force required to overcome a particle to
water contact (Hillel 2004)While moist soils may defax more easily, @ry dry soils
can be compacted by destruction of the soil aggregates and breaking of soil particles
(Danilova 1996) Some moisture in the soil increases the compactibility of the soll
through a lubiating effect on the soil particles (Hillel 2004). There is a peak water
content for a given soil when the lubrication effect is maximized but the pore filling

effect has not reduced the comaefibility of the soil greatlf{Raper and Kirby 2006)

10



Lindsey and Selin2012) list the water content at which a soil is at risk for the highest
compactibility to be near the soils lower plastic limit.

Soil texture also has a relationshipmaneuver training disturbancémpoorter

et al. (2010) state fisoil s wisbillcompactoh ay or

than sandy soils. 0 This is due to the f
area and less cohesive ldgrbetween particles. The larger particles tend to have larger
pores that are highly permeable and are therefore normally found in a consolidated state.
Furthermore, the larger particles have a lower overall porosity than fine grained particles
reducingthe total compressibility (Hillel 2004)Althoff and Thien(2005)found
increased bulk density, and decreased porosity on a silt loam soil, but no significant
changes to bulk density on silty clay loam

Bulk densiy is the relationship of the mass of the solids within a soil to the total
vol ume of the soil. Bul k density within
parti cl dlLalamdShudac2004)ds soils becommore compacted they have
more particle to particle contacts as the water and other void spaces within the soil are
reduced. As the bulk density of a soil goes up the soil shear strength is increased due to
more cohesion between particles and a highernat friction angléMouazen et al.
2002) Bulk density of soils can be impacted by compaction, but like other compaction
impacted elements, the soil characteristics at the time of the compaction impact how bulk
densty is affected. Ifasoil is dry at the time of compaction there is very little change in
the soil 6s bul k de rdoundnodifference hhihe butk densiyt of aa |
dry soil tracked 10 times by a2/Bradley fighting vehicle, but fouraistatistically

significant increase in the bulk density of a soil tracked while wet, with the most

11
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impacted soils found in the upper 50 mm of séitditionally, Brais and Camire (1997)
found that the bulk densitydnease with relation to traffic intensity was logarithmic.
Althoff and Thien (2005) found increased bulk density under an M1A1 Abrams tank on a
silt loam, but found no significant change in bulk density on a silty clay loam on Fort
Riley.
An additional fator to consider in thdisturbancef soils under off road traffic is
the intensity or repetition of the force being applied togiteeind It has been found that
one pass of a vehicle over a point can cau
compactiblesoil by a vehicle that is over the bearing capacity of the soil can significantly
reducethetotgg or osi ty t o EAbueHarmpdehhet ab 20008n0 that tmedfirst
few times the force is applied cause thestdisturbancé Ampoorter et al. 2010; Raper
and Kirby 2006) It has also been found that multiple vehicle passes causes increased
compaction of the so{lAlthoff and Thien 2005; Ampoorter et al. 2010; Raper and Kirby
2006) Once a soil has been compacted it becomes more difficult to compact further.
Brais and Camire (1997pundthat over 50% of all soil compaction resulted from the
first three passes on course soils and first two passes on fine saidsey et al(2012)
found soil compactioof as much as 80% of maximum occurringidgrthe first tracking
by a vehicle with each additional pass over the same location causing progressively less
compaction. Thumore traffic by the same stress will have a limited additional impact.
After disturbancehere is a change in the hydraudmnductivityof the soilas the
relict pores are no longer able to provide significant pathways for water movement
through the soil reducing the ability of the water to move in saturated conditions

(Halvorson et al. 28). Infiltration has been found to be significantly reduced by

12



compactionAbu-Hamdeh et al. 2000; Assouline 1997; Danilova 1996h&id et al.

2001; Thurow et al. 1993Halvorson et al. (2003) noted that small increases in soil bulk
density from compaction can result in disproportionally large decreases in infiltration.
Soil moisture at the time of compaction can have an ilgathe subsequent reduction

in infiltration rate. Soils with very low soil moisture levels during compaction were not
seen to have significantly reduced infiltration rateoae study (Thurow et al. 1993)
Infiltration rate was also found to be impattey the number of vehicle passes, with

more vehicle passes resulting in further reduction in infiltration (atasrow et al.

1993).

As maneuver trainingeduces infiltrationit subsequently increases runoff and
significantly increases erosigAlakukku 1996; Halvorson et al. 2003; Thurow et al.
1993) Thurow et al. 1993 noted no increase in interill erosion following compaction as
the surface particles were held firmlypface by the surface compaction, but after
several months the particles were loosened by shrinking and swelling and the erosion at

two months was greatly increased.

Vegetation Responge Military Maneuver Disturbance

The first impact of off road vehicteon vegetation is the immediate damage to the
plants themselves from the stressagsed byhe vehiclegDickson et al. 2008; Diersing
et al. 1988) Plants may be crushed or uprooted by off realgicle traffic(Diersing et al.
1988; Goran et al. 1983; Milchunas et al. 1999) addition to the direct plant vehicle
interacton, the soil changesaused by off road vetie use can alter vegetation in
numerous waysReducednfiltration can limitthe plant available moisture in the upper

soil profile (Goran et al. 1983)Subsoildisturbance from trainingeduces larger pores

13



thuslimiting the ability of plant roots to penetrgi@oran et al. 1983)The soil air

regime is also impacted by compaction and can hamper plant growth (Danilova 1996).
The compacted surface layers may also limit thetgluf seedlings to reestablish after
vegetation is removed by initial trafficki@oran et al. 1983) These changes have
manifested in reducegegetativebiomass aftedisturbancgDicksonet al. 2008; Goran

et al. 1983; Thurow et al. 1993) Military vehicle disturbanceanalsoalter the
vegetativespecies composition as species that are able to reestabitdbrate the direct
impacts of acushingin themore disturbed argamaybe able to survive where pre
disturbancespecies may notMilchunas et al. (1999) found that taller forms of woody
plants, and long lived perennials were reduced in some plant communities, while short
lived perenniad, annuals and exotics were increased in abundance with higher levels of
disturbance. Goran et al. (1983) found that grasses were often replaced by forbs.
Dickson et al(2008) found that vegetative response td/HMA1 Abrams tank at Fort

Riley, Kansas was different based on the initial vegetative composition, ywiftagses

more susceptible to damage than native vegetation. While high disturbance regimes
from military training have been found detrimental to tagen by nearly all research,

Leis et al.(2005) found thatvithin systems that evolved with higher than normal
disturbance there may be some benefit to natural vegetation from an intermediate level of

military disturkance.

Fauna Response to Military Maneuvers

The response of fauna to disturbance is quite varied. Intense constant training on
an area tends to result in Al argely denude

populations of disturbance tolerant flora aadu n(&aran et al. 1983)
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While highintensty training results in reductions in fauna, Goran et al. (1983)
found varying results of mammal relationship to training intensity. Some small mammal
species were found teedline, whereas other species increased in abundance with off
road vehicle usagen some landscapes Gor an et al . (1983) four
compositions (at Fort Riley), with decreases in prairie voles and western harvest mice and
increase inwhitt oot ed mice in areas of intensive m
populations of small mammals 50 times greater on the installation than on the highly
agricultural lands surrounding the installat(@oran et al. 1983)This creates what
could be a counterintuitive relationship of fauna to military training. While intense
military training may be detrimental to many species, the preservation of the landscape
on military grounds may still be far more habitable ttreose lands off the installations
which have been converted to agricultural and urban uses.

Other fauna have shown a more direct relationship to training that that of small
mammals. Avian populations demonstrated a more linear relationship with sighific
biomass reductiofGoran et al. 1983)Althoff et al. (2007)Yound reduced quantities of
nematodes in areas that were more intensely disturbed by an M1A1 Abrams tank, with

earthworm abundance reduced by 82% in $bds were wet when disturbed.

Persistence obisturbance

The persistence ohaneuver training disturbanoe a site is dependent on many
factors: level of initiadisturbancedepth of compaction, rainfall, freé#teaw cycles, and
soil flora and faunaWhile surface compaction can begin recouetgtively quickly
(Althoff et al. 2010; Brais and Camire 1997fan take 2030 years before recovery is

complete, depending on the soil type (Ampooeteal. 2010). Schaff¢2005)found that

15



30i 40 years were not adequate for complete recovery of gas diffusion and fine root
densities under wheel trackB.r ai se and Camire (1997) found
higheratl®2 0 c¢cm and 11% higher at 20 to 40 c¢cm d
in their study, but the upper 10 cm had no compaction effects measured after 6 to 12
years. Lindsey and Selim (20)2neasured increased soil penetrometer resistance (PR)
14-16 months after tank trafficking compared to controls, with the highest PR on those
soils that had higher moisture at the time of initial tank trafficking.

Many compacted soils will have some dsgof restoration naturally over time.
Danlova (1996) found that on soils with strong shrink swell cycles, there was quick
recovery in the top soil |l ayer s. I n contr
that compaction passes a criticaketstnold, nearly all the pores are destroyed and water is
unable to move throughout the soil, even mechanical loosening may not be sufficient to
restorethe soiltopreo mpacti on | e v e |Akhoff e(aD@010) found a 19 9 6 )
that tallgrass prairieadls, such as those on Fort Riley, recover much quicker post

disturbance compared to many other soils.

Methods of Maneuver Disturbance Estimation

Researchers and land managers have devised numerous methods to collect the
data required to determine whevhere and how military off road training is impacting
the landscape, butany of the current techniques hadweitations that can limit the
ability of decision makers. Some of the proposed and tested mefidats @ollection
include plot studies or traects, models that estimated impacts based on doctrinal or

subject matter expert guidance, remote sensing of changes to military lands, and GPS
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tracking of vehicles during maneuvéfmderson 2002; Department of the Army 2012;

Diersing et al. 1988; Koch et al. 2012)

Army Sustainable Range Program
Army Regulation35L 9 A The Army Sustainabl e Range

policy to military leaders and land managers for the sustainable use of military lands
(U.S. Department of the Army 2005T his reguléion establishes the Integrated Training
Area Management (ITAM) program and the subordinate Range and Training Land

Assessment (RTLA) program to monitor and provide continued range support to the

Army.

Range and Training Land Assessment (RTLA) Program

It is part of the mission of the RTLA program to understand where training is
occurring on an installation, what the environmental effects of the training are, estimate
the all owable training |l oad, and identify
Rehabilitation and Maintenance (LRAM) progrédhS. Department of the Army 2005)

The RTLA program has developed from earlier attempts to monitor environmental
conditions on Army Training Lands.

The ealiest attempts made by the Army to understand maneuver impacts were
physical studies of disturbance using plots or transects. Plots or transects provided
evidence of environmental conditions and were tied to an estimation of training intensity
at the sié to determine the effects of maneuver disturb@Dasing et al. 1988) These
studies have provided much of the current understanding of the types of environmental
degradation that results from military maneuwvad aontrolled paired plots continue to

provide significant findings in the discipline. The plot and transect level program of
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monitoring on Army lands came to be knowrtlas Land Condition Trend Analysis

(LCTA) program(Anderson 2002) This program established in the late 1980s and
continuing annually for over 10 years included plots and transects on over 50 installations
(Anderson 2002)Fort Riley alone had established 26000 meter long permanent
transects on Fort Riley in 1988lIthoff et al. 2007) These transects or plots alone do

not provide an estimate of vehicular disturbance until a method of estimating the number
of vehiclesthat crossed the transect or plot could be made. As thebelidns of these
studies areonducted annually it is difficult to determine the time and conditions and
actual maneuver intensity that occurred on each studgksith et al. 2012) Methods to
estimate the training intensity and tie it back to the plot level studies include techniques
to estimate the training intensity by identifying the use on the site through track
identification and also thru analysismflitary training records. Anderson et al. 2005

used LTCA transects for determining vegetative cover changes from maneuver training
by using military records to determine the Tracked Vehicle Days (TVD) and Tracked
Vehicle Equivalents (TVE) to estimatestlirbance levels. Using this technique they

wer e abl e tildarydraning wama sigeificdhtnfactor in disturbance, with

58% of disturbance explained by TVE and 48% of disturbance explained by the number
of battalions on the installation at &wgn timed (Anderson et al. 2005b)Transect and

plot studies continue as part of the RTLA program on many installations.

Using Army Doctrine to Estimate Training Disturbance

The current method used by RTLA toigsite training load is the Army Training
and Testing Area Carrying Capacity (ATTACC) method (U.S. Department of the Army

2005). ATTACC training estimates of off road maneuver are based on Army doctrine
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directly or based on the DoD Range Facility ManagdrBepport System (RFMSS)

(U.S. Army Environmental Center 1999RFMSS is a system of record for scheduling

and recording military ranges and training lands. This system bases training load on
estimates of how much off road training should be associated with a specific type of unit
conducting a specific type of training rather than any real maneuver recafdiggs

Army Environmental Center 1999)T he training estimates used for ATTACC can be

directly from military unit input into RFMSS, or from a combination of unit input in

RFMSS, range schedules, and army docf{ith&. Army EnvironmentaCenter 1999)

The ATTACC methodology uses the estimated training load from doctrine or RFMSS to
determine the Maneuver Impact Miles (MIMs) for the training e{rs. Army

Environmental Center 1999)The MIM is the equivalent maneuver disturbance to that of

a M1A2 Abrams tank operating during an armor battalion field training exercise for one

mile (Sullivan and Anderson 2000)I'he MIM calculation does neiccount for

ecol ogical settings where training occurs,
FTX wi I | have a MIM value of 20UXIZ5AMyr egard
Environmental Centet999) This system provides land managers with training loads

and can be used to estimate disturbance, but the spatial scale of the estimates is only at
themaneuvearea leve[Koch et al. 2012)

A study by Herl et al(2005) attempted to further support the ability of Army
doctrine to support estimation of training maneuver on training of US forces at
Grafenwoehr Training Area in Germany. Herl, a trainedtamyjiengineer and
geographer used the military doctrinal tool known as the Modified Combined Obstacle

Overlay (MCOO) which is used by military leaders to determine the best tactical terrain
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for maneuver. Herl used this technique on an installation thasigned for large scale
military exercises that should include maneuver assessments by the units in their training
maneuvers. Even under these favorable conditions for this technique to work, results of
spatial distribution of military maneuvdrsturbancebased on doctrine was not

significant(Herl et al. 2005)

GPS Tracking Of Maneuver Training

Due to the limitations of physical and doctrinal methods of determining military
maneuverGlobal Positioning System (GP&chnology has been tested and effectively
used to monitor military vehicle maneu@yers et al. 2000a; Ayers et al. 2005; Haugen
2002; Haugen et al. 2003a; Koch et al. 2012; Li et al. 2007a; Li et al. 2007b; Rice 2006;
U.S. Department of Defense 20123PS technology provides the capability to not only
know wheke vehicles have conducted maneuver training, but to also provide information
on vehicle dynamic properties at the time of disturbance, and provide highly accurate
temporal data that can be used to better understand the environmental conditions at the

time of disturbance.

Use of GPS Devices to Track Military Maneuver

Tracking of military maneuver training using GPS devices was first introduced by
Ayers et al(2000). This research used differentially corrected GPS (D&E&HEmMSs to
demonstrate the ability to accurately track military vehicles, and provided methods for
determining dynamic vehicle properties from the GPS @hatars et al. 2000a);Ayers et
al. (2000) work provided the it demonstration of not only the ability of GPS to track
vehicles but also to estimate the intensity of the training based on the vehicle dynamic

properties.
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Vehicle Tracking System (VTS)
The Vehicle Tracking System (VTS) was designed by the same group o

researchers that provided the first DGPS recording on military training, and was first
reported by HageR002 Haugen et al2003) used the VTS device to track wheeled and
tracked vehicles at Yakima Training Center, WA, for a 10 day training exercise. The

data from this was able to be used to characterize vehicle movements including the
location, velocity, and turning radius. Comparisons of different types of training

missobns and the amounts of time vehicle spent on vs. off road were conducted. Accuracy
assessments were conducted on the device with a reported accl2akcynd®0% of the

time and 6.9 m 95% of the tinfelaugen et al. 2003a)

Vehicle Dynamics Monitoring and Tracking Syste(eDM/VDMTS)
The Vehicle Dynamics Monitor and Tracking System (VDMTS) was designed by

the Army Corps of Engineers Construction Engineering Research Laboratory (CERL) in
collaboration with Dr. Ayers of thUniversity of Tennessee, and Cybernet Systems Corp
(Koch et al. 2012) It is similar to the VTS DGPS device described above but also
included an integrated inertial sensor to track movement when GPS signal is not
available. The VDMTS was designed specifically for tracking military maneuver
training. The VDMTS wasperatedn Fort Riley, KS, Fort Benning, GA and Pohakuloa
Training Area, HI and tested to meet or exceed the capabilities of th¢KR6ES et al.

2012)

GPS Disturbance Measurements

Rice (2006) used an upgraded variant of the same device as Haugen to estimate

multiple vehicle passes over the same location and to attempt to deteamimayt
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formation types from GPS datdyers et al. (2005&nd Wu et al(2007) usedhe same

GPS data sefsom Rice and Haugeandanalyzedhemin a GIS to identify potential

roads. The same data sets collected @8 GPS devices from the research above was

alsoral so used to estimate the Avehicular tr af
passes using a 10 meter search ra@is et al. 2008) Li et al.(2007a & 2007b)

developed models that incorporated dynamic vehicle properties collected from GPS

tracking of military maneuvers to estimate disturbed width and impact severity based on
turning radius and velocity. Li et.a(2007a & 2007b) found higher disturbance with

increased (tighter) turning radius, especially turning radius less than 30 meters. Koch et

al. (2012) used the VDMTS to determine the amount of time military units were training

near critical habitat.

Tactical Tracking Systers

GPS devices were initially designed for military use, and the Army currently has
several GPS variants in use on some ground vehicles. None of these systems have been
reported in research as having been tested for use in training related disturbance
measuements. This section is included to provide background information on these
systems from a military perspective as the author has substantial experience with these
systems both in training and combat situations which may provide insight to their
possibleuse for maneuver disturbance tracking.

The Blue Force Trackin(BFT) or a new variant Joint Capabilities Release BFT
(JCR BFT)is a military system that usaPeferse Advanced GPS Receiver (DAGR)
positioningdevicealong with GIS software and satelltemmunication to provideear

real timespatialinformation to military unitfSchwerin 2011) The system is used
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branches of servicand isinstalled in ground and air vehicleBoth the BFT and JCR
systemsemploy a GPS device and a GIS based system for determining and mapping
locations of the vehicle it is on, and of friendly units on the battlefi@lde system is in

wide use and at times is the most reliable communication platform for units spread acros
large areaslt was first placed in serviogith unitsdeploying to Afghanistan in 2002 and

in Irag in 2003Dunn 2003) There are currently over 100,000 BFT units in the DoD
(Schwein 2011)

While these systems provide excellent situational awareness to the military users
they have proven to be of limited use to land managers. Theaél@ast four major
problemsassociateavith using theselevicesfor land management orgearch purposes.

The first problem with trying to use tleFT/JCR for land management maneuver
tracking is the devices ame a limited number of vehiclesThese systems, while
becoming more common within military vehicles are not pervasive in trauaigles.

System deployment across training vehicles may be less than one BFT/JCR per three to
five vehicles within a given unit, and may not be spread across the military formation in a
manner conducive to collecting information for land managers/résarén some units

the percent of vehicles outfitted with BFT systems may be less than Ti@8%6.

distributionof BFT/JCR within a unit is not even.atge offensive weapon platforms

such as tanks and infantry fighting vehickee often outfittect a vey high rate, while
manywheeled vehicles have very few devicasd some classes of wheeled vehides
nothaveany BFT/JCR devices.

A second key problem with using the BFT/JCR for maneuver training tracking is

that thetraining requirements of unitlictate what training is conducted and what
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systems are used for various training exercises. Often adding more technical components
to a training event may reduce the overall effectiveness of the training. For example, a
unit conducting off road drivetsaining on a vehicle platform may be focused on the

most elementary tasks of how to operate the vehicle and incorporation of the BFT/JCR
system into the training could detract from the required training. Also, during early

stages of unit training thereay be limited personnel capable of using the system

limiting the reliability of the system to collect training related data. Units are also often
training in situations called Aforce on fo
unit may be conductingaining versus another elentérom theunit. For this force on

force training it would often be détrental to the training ifinits were using the

BFT/JCR as they would know where the opposing element was at. Therefore in many
training situations the units would purposely need to leave the BFT/JCR devices turned
off. For these reasons,amy offroad training events are condutteithout the use of

the BFTJCR reducing its effectiveness as a tool for tracking maneuver training.

The next issue with using the BFT as a ninttie data collection device is the
difficulty of data acquisition.The system itself operates oglassified network which
significantly limits the data availability, researchers and land managers would all have to
have clearance to access the data, and due to the classified nature of the data, research
could suffer from difficulty in publishingAnother hardship with data acquisition beyond
the clearance is the data logging of the device. These devices are designed for units to
have better situational awareness at a given time; this translates to a map that shows
where vehicles are at presently, ndtere they have been. The current systems are

operated in such a manner as to display current position and the position of other friendly
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units, not to collect and log GPS data. Although the systems may have the capability to
log data, they are not desred for easy data download with a removable flash drive or
SD card as the other devices tested in this research are.

Lastly, the data collection and update rate of the/BERsystem does not lend
itself well to use as a land management devitbese @vices are designed for military
situational awareness, and as such they are not designed with a refresh rate of one Hertz
like the other devices tested afEhe BFT positional refresh rate had historically been a
matter of minutes but witthe new JCR tease it ha®een reduceé matter okeveral
secondgSlabodkin 2011)The reduced refresh rate does bring the system more in line
with theneeds of land managers, baported rates are still well in excess of tinehertz
rate that has been proveuaccessful for calculation of vehicle dynamic properties
required by land managers.

New military GPS based tracking systems have been pro@oskdre in
developmental stages at the time of this study. One of thewststocumented new
systems is the U.S. Army Nett Warrior system. This system uses commercial off the
shelf products (primarily smart phone technology) combined with several other army
systems of record to provide GPS positioning and communication aotha tndividual
soldier level(Gourley 2013) Nett Warrior and similar systems may have the capability
to meet the needs of military land users and land managers, but system design and
implementation to date provideconclusive evidence tlewill fill the knowledge gap.

Also, new systems may fail to overcome the security clearance and percent of training

time in use issues that are associated with the BFT currently.
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Chapter3-Obj ecti ves

Objective 1: Conparison of Previoudy Tested Maneuver Tracking
GPSDevices toLow CostCOTs GPS Device

This objective was designed to determine if a low cost civilian off the shelf
(COTS) GPS device could be used to track military vehicles. To meet this objective a
COTS GPS device was sefed and tested for accuracy under military maneuver like
conditions. The COTS device was then directly compared in side by side tests with two
types of GPS devices specifically designed and currently in use for tracking military

maneuver disturbance. iElobjective is covered in chapter 4 below.

Objective 2: Estimate M etrics of Maneuver Training Events based on
COTS Data through Case Studies

This objective was designed to test the COTS GPS device in actual military
maneuver training. The COTS devitexcked three maneuver battalions as they trained.
The data was then used to analyze the variability in off road disturbance between units
and vehicle types during like training events. This objective is reported in detail in

chapter 5 below.

Objective 3. Development of a GISBasedModel for Depicting
Maneuver Training Intensity Based on COTS GPS Data

The third objective was to develop a new way of mapping GPS data collected
during military training events in a manner that would be consistent for adong
disturbance monitoring program. Chapter 6 below discusses how an intensity map of

Fort Riley was created using COTS GPS data from the three training events tracked.
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This chapter also details current intensity mapping methods and demonstrates tb@me of

weaknesses inherent in current mapping methods.
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Chapter4-Compari son of Previously
Tracking GPS Devices to Low Co:
(COTS) Devices

Introduction

Tracking the movement of military vehicles during training provides much
nealed knowledge to researchers, environmental and training area managers. Several
GPS(Global Positioning Systentdeviceshave beemsedpreviouslyto track military
vehicle movementAyers et al. 2000b; Ayers et al. 2005; Haugen et al. 2003a; Koch et
al. 2012; Li et al. 2007a; Li et al. 2007BAs with many areas of technology,
advancements in the field of GPS has both created texjioally better devices and
significantly reduced the coahd sizeof theolder technology Survey grade GPS
devices are commonly in use by researchers, planners and engineehnggtwéhough
accuracyto report locations within several centimetetsow cost GPSnoduleshave
made it feasible to have GPS devices in small portableaidikie automotive
navigation systems and smartphones.

The aim of this research was not to test the newest technology within the field, but
to instead test the capabiliby devices that are now more cost effective and have become
more ubiquitous within society. As GPS devices have been included in many modern
vehicles and imanynew mobile deviceghe costs have been reduced to a point that it
may be possible to reliband cost effectively track a largegportion of maneuver
trainingon military installations Thiswould provideresearchers a better understanding

of where, when and how military training maneuver is impacting the landscape.
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Tracking of training disturbance has been successfully accomplished using GPS
devices by numerous research@gers et al. 2000b; Ayers et al. 2005; Haugen et al.
200Ba; Koch et al. 2012)The two primary systems used in previous researethe
Vehicle Dynamic Monitor (VDM) also called the Vehicle Dynamic Monitor and
Tracking System (VDMTS), and the Vehicle Tracking System (MASegrs et al.
2000b; Ayers et al. 2005; Haugen et al. 2003a; Koch et al. 20h&se previouly
testeddevices have shown the ability to record the necessary data to determine where,
when and howmilitary training is occurringAyers et al. 2000Ayers et al2005;

Haugen et al. 2003; Koch et aD12) These devices have several advantages over the
device tested in this research and several disadvantdegrimary advantages of the
VDMTS andVTS includes the existing literature showing their effectiveness, the existing
data set from numerous military installations, developed data handling procechares,
large batteries allowing for long intervals of data collection without researcher
involvement. The disadvantages of these devices araitie costs (in excess of
$2500.00per device)large size/weight (each device weights in exced9k§9, a user
training requirementhat exceeds simplieevices, andue to external connections, there
exists thepossibilityto have missed recording times due to loose connections.

An objective of this researaliasto determine if a low cosfommercial Off The
Shelf (COTS)GPSdevice can adequately collect the data needed for military land
managers and searchersln order to determine if a low cost COTE’Sdevicecould
provide the needed data, tests were conducted to determine the accuracy, data collection
capability, and functionality of one COTS device and comparetlitetourrently used

devicefVDMTS/VTS). Accuracy test were conductetb determine theapability of
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the COTSdevice in relation to the other devicds. addition some direct comparison
tess were conducted to see if the devices were capable of collecting data in the same

operating avironment as the existing devices.

GPS Device Description

GPS technology has increased dramatically since military velfick used
satellites for navigati onwasdesiginedtotelp US Navy
ballistic missile submarines navigate in the early to-t880s(Powers and Parkinson
2010) Early systems took 10 to 16 minutes of stationary data collection to give a two
dimensional accacy of appoximately 25 meter@Powers and Parkinson 2010 urrent
GPS devices have the capability to provide-swdier accuracy based on satellite and
terrestrial support platform{€oyne et al. 2003; Juniper Systems Inc. 2013)is
research focuses on the primary systems used to track military vehicles for land
managementrograms/researcthe VDMTS/VTS (description beloy and a selected
COTS device As mentioned in chapter 2 the BFT/JCR systeonld be used to collect
GPS data for military maneuver training, but the hardships involved do not make it a

good choice for land managers and is therefore lgfobthis comparison testing.

Vehicle Tracking Sysgm (VTS)

TheVehicle Tracking System (VT3)as been sl in numerous previous military
maneuver tracking stiies (Ayers et aR002; Ayers et aR005; Haugen et a2003) with
some upgrades to the system as new technologyneeavailable. The system in its
current design uses a Garmin GP®AB GPS receiver, an Acumen Serial Data Recorder,
a 64 or 128MB Compact Flash caashdtwo Odyssey dry cell 12 volt batteries connected

in parallel in a water resistant hard case. ThendaGPS18PC is a WAAS enabled
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Differential Global Positioning System (DGPS) receiver. It can track 12 satellites and the
manufacturer data indicates a DGPS accuracy <3 meter 2D &ppropriate signal
(Garmin 2005) It has a cold acquisition time of approximately 45 seconds, warm
acquisition time of approxiately 15secondsind a data collectiorate of 1hertz (Garmin
2005). Paired with the data recorder and the batteries in serial the system can record four

days d#a (64MB card) andight days of data (128MB car(Rice 2006)

Vehicle Dynamics Monitor (VDM or VDMTS)
The VDMNDMTS is a similaly desigredsystem to that of the VTS. The system

consists of one Odyssey dry cell bajtea data recorder (using one SD card), anda

blox DGPS antenna. This system also has the added capability of being able to record
positional accuracy when the vehicle is not in motion using a micro electro mechanical
systens (MEMS) based inertial sems(Koch et al. 2012) Testing of this device

demonstrated err@f less than 3.7meters 2DRMKoch et al. 2012)

COTS Device

There are numerous GPS devices on the civilian m#r&etould have been used
in this study. These devices range in cost from less than $50.00 to thousands of dollars.
A list of criteria was established to narrow the search festevice. The criteria in
order of priority were 1) current availabiljt®) manufacturer accuracy estimates (less
than 10m CEP), 3) capability to store at
battery life (lower limit estimate 1 week battery life with estimated 2 hour operating time
per day)5) passive GPS tracking) 1 second data logging) [bw cost (upper limit
established $200.008) size (availability to mount on various vehicle platforms), @nd

simplicity of design. The firstix design criteria were to have capabilities similar to that
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of the units curretty in use (VTS and VDM); the last three criteria were established in

order to help overcome limitations of the VTS and VDM for widespread implementation.
The COTS device selected forghiesearch wate LandAirSea LASL505

Tracking Key Vehicle GPS tcking System by LandAirSea Systems [iibe device is

based on a Wlox Antaris 4 GPRCB-4H module This GPS modulés passive and

operates on the L1 frequency with 16 channels. Its reported accuracy is 2.5m CEP with

acquisition from cold start of 34 s@nds,warm start of 33 seconds, anti@ start of less

than 3.5 seconds and operating temperatures{261o 85 degrees C. The GPS module

is incorporated in the LA3505 Tracking Key with an ABS housing, an attached

magnet, and housing for 2 AAA baties. The dimensions of the entire unit 86e5mm

long, 37.1mm wide, by 34mm higiThe device total weight in operation with batteries is

approximately 110 grams?ower draw is 49mA while tracking and 0.072mA in sleep

mode. Based on the power draw gtmanufacturer estimates battery life of 2 weeks for 2

hours of tracking per day, and 1 week for 4 hours of tracking per day. The data storage

capacity of the device is capable of holding 360,000 seconds of logged data (100 hours)

using NMEA 0183 protocavith a data logging rate of one coordinate logged each

second The device is equipped with Past Track software which allows for unit download

and some simple mapping functions and also for data export into a .txt file for further

processing. The deviamnly records data when moving, entering a sleep mode after 2

minutes of no movement. The device is also active immediately once the batteries are

installed; there are no buttons of any type on the device, simplifying operation.
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Flgure 4-1 LandAirSea LAS-1505 Tracklng KeyS|de View

DAl T

Archer
I n order to est ahbighesrder GPS device was Selettemlc at i on

The Archerfield PC withHemisphee GPS XF10from Juniper Systems, Inaas
selected for its ease of use (no required base station and ii8ReArcPad
application) and high level of accuracy. With DGPS using theDXFi a good
multipath environment with adequate satellites in view this GPS reméaedhorizontal
accuracy of <0.4 mete(duniper Systems Inc. 2013While survey grade GPS devices
could have providedraaccuracy level of subentimeterthe nature of the comparison

receivers does not require that level of accuracy.
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Figure 4-3 Archer Field PC with Hemisphere XF101

Site Description

There were two main sites were the comparison tests occurred. Accuracy tests
were conducted on the North Campus of Kansas state university, and operating

environment comparison tests were conducted on Fort Benning, GA.

North Campus

Accuracy tests wereonducted at Kansas State Universianhattan, Kansas
just north of thauniversitymain campus. A portion of the campus extends north of the
main campus and is used for agricultural research. The area has very little topography
and is open with few ovkead obstructions allowing clear satellite signal. All accuracy

testing was conducted on surface streets on the north campus following all local traffic
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laws. The streets used in this test are Denison Avenue on the east, Marlatt Avenue on the
north, Colege Avenue on the west, and Kimball Avenue on the south.

Figure 4-4 GPS Accuracy Assessment Test Track

Kansas State University ~‘ pi= : COTS6
Main Campus

“J. —— —— COTS 15

*  Archer

1
- Kilometers Road centerline|

Fort Benning, GA
Fort Benning, GA isaU.S. Army installation locatedouth ofthe city of

Columbus, GAon the west central portion of the state. The installation covers
approximately 182,000 acresth 140,000 acres being mandderestlandcrossing two
different ecological zones, the Piedmont and the Coastal Plaminstallaibn has 5
federally protected species a@tl other pecies of conservation concgfort Benning
Directorate of Public Works 2006)

Fort Benning is an U.S. Army Training and Doctrine Command (TRADOC)

installation with a primary mission of maneuver forces training. It is the home of the
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Ar myMasmneuver Center of Excellence (MCoE) wi
agile, adaptive ahread Soldiers and Leaders for an Army at war, while developing
capabilities for the Maneuver Force and the individual Solider and providing-eclads
gual ity of Iife for Sol dnhttpe/mew.ben@ingwaimy.milans an
The instalation is the primary training installation for Infantry and Armor Soldiers from
the rank of Private thru Colonel.

GPS tests on Fort Benning were completed in cooperation with the United States
Army Corps of Engineers (USACE) Construction Engineering &ebkd_aboratory
(CERL) and the Fort Bennirignvironmental Management Division. CERL and the Fort
Benning Environmental management division have been partnering over several years to
track the movement of maneuver vehicles and their use neeockdded wodpecker
habitat using the VTS and VDM GPS devices. For comparison purposes COTS devices

were placed alongside the VTS/VDM devices as they continued monitoring.

Methods

The comparisons tests were conducted as two sepesta@ne comparing
accuracyevels of the three different devices (VTS, VDM, and COVT$H higher order
GPS device (Archer Hemisphere), and a second operating environment test comparing

the COTS to VTS and VDM devices in actual field study conditions.

GPS AccuracyAssessment

GPS acuracy testing often consists of several tests; the first test is often a static
test where the device is operated in a known location for an extended period of time and
the location of all plotted points are then compared to the known location to aetermi

the ability of the device to accurately and precisely record its loc@Zioyne et al.
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2003) This test is often used to define the accuracy of a GPS device. The design of the
COTS device and the underlying softerare incompatible with this kind of test. The
device does not log any points when stopihedeforestatic accuracy tests with this
device would result in zero registered points. Contact with the manufacturer wasimade
an dtempt to find a solutiorbut the device manufacturer was unable to provide a means
to allow the device to record points for a static position test.

A second test is often conducted to determine GPS accuracy while a device is in
motion; this type of test is called a dynamic aecyrtest. This type of testas
corducted with the COTS devi@ndreported as the overall accuracy of the device.
Static accuracyests resultare more controlled and are likelygooduce higheaccuracy
than dynamic accuracy teskait as these dews are designed only to log data when
moving adynamicaccuracy test is more relevant.

In order to conduct the dynamic acaay tests, a higher order GR&iniper
Systems Inc. 2013)evice was needed. The heglorder GPS device records data that for
the purpose of the test is considered to b
XF101 coordinates at each positwarecompared to the coordinates recorded by each
of the other devices. A determiratiof distance of the coordinates of the test device to
the coordinates of the Archer XF101 provided the error for that particular point. For the
dynamictest,oneArcher XF101, one VTS, one VDM, and two COTS devices were
located in close proximity aroundcantralpoint (the Archer XF101 being the centermost
device) on the roof of a vehicle where no obstructions from the vemcltl interfere
with satellite signk The test vehicle was moved to a positioradest track. All GPS

devices were turned on and allowed time to acquire satellite signahfandte time
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interval was given as only the Archer has a display that allows the user to know when
satellite lo& is achieved). Once all devices were assumed to have achieved satellite
signal acquisitionthe test vehicle proceeded to traverse the test tlasdrving posted
speed limits.

The test track consisted of a 5.38 kilometer loop on surface streetsrmrithe
portion of theKansas State Universitampus. Repeated loops of the test track were
conducted over two hours with all devices conducting simultaneous loggiy
August 2013 The devicesvere set to recorgoints on a 1 second interval throughthe
testing period. When testing was complatedevices were turned off and recorded data
was downloaded from each device.

The GPSdata was converted into ESRI shapefiles in ArcGIS and mapped. The
data for each device was broken down into sepdaaisfor each time around the test
trackso points from each device would be compared only to poirihe other devices
on the same lap and nmnfused witthetween lap comparisofBigure 44). The
Archer device only recorded points when minimumuaacy thresholds were met
thereby not having a point at each one second time interval. The remaining four@evices
data verereduced to only contain points that matched temporally with the Archespoint
reducing the overall number of recorded pointstb@pointsor all five devices for
comparison.All of the GPS devises recorded data in a decimal degree formdband
ease of dataomparisonArcGIS was used to project all pointsth®local UTM
(Universal Transverse Mercataordinate systefUTM zone 14N) The UTM
coordinates of each device for the same time interval were then used for comparison of

each devi ce t o rdecbythdiArchendediceval ue r eco
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Figure 4-5 Separation of Accuracy [ata into Laps for Data Comparison
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Accuracy Calculations

There are numerous different methods for reporting GPS accuracy used by
different GPS manufacturesd researcherfor this research Circular Error Probability
(CEP) and TweDistance Root MeaBquared (2DRMS)vere selected for reportirag
these measurements have bpmviouslyused to report the accuracy of the VTS and
VDM (Koch et al. 2012Haugen, 2002) CEP is the measurement of GPS positional
error that includes 50% of the data points mlas 2DRMS is the measurement of error
that includes 95% of data poinisoch et al. 2012)In order to determine the CEP and
2DRMSfor each devicgthe longitude (x value) of each GPS dewateach data point

wascompaed t o the | ongitude of the Atrueo X V.
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longitude), the samwasdone for the latitudes values at each pokEquation4-1

provides the method used to determine error at a given GPS point.

Equation 4-1

Ol 1 é1 W W W

Where:
Xcps = tested GPS device UTM Longitude
Xtie=Ar cher XF101 Atrueodo UTM
Yeps = tested GPS device UTM Latitude

Yrne=Ar cher XF101 Atrueo UTM

Accuracy Assessment Results
The 2DRMS and CEP data for the devices indicates that the tested VTS was the

most accurate device tested with a 2DRMS 09 3neters, followed by théDM (3.78
meters), then the COTS devices5{@to 4.68 meters). All devices had a CEP of less than
2.0 meters (COTS devices exceetlemanufacturers accuracy statement of 2.5 meters
CEP) TheVTS, while being the overall most accurate based on CEP and 2DRadS

the largest single point erratl.24meters).
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Table 4-1 Dynamic Accuracy Test Results for All Points

Average # |Average |[Average [Maximum [STD XAverage |Maximum |STD YCEP [2DRMS
Sateilights [HDOP |Diference|Difference Difference|Difference
Used in X inY inY

9.39

-0.23 4.8 0.99 0.15 11.24 1.19 1.29 3.09
0.2§ 7.0§4 1.32 -0.44 6.5] 1.3§5 1.58§ 3.79
-0.12 6.9§ 1.57 -1.59 7.02 173 1.95 4.6
-0.03 6.92 1.5 -1.49 7.33 168 1.91 4.57

Positional error was not uniform in all devices; the error of the COTS devices was
the least uniform between longitude and latitudéhe averagéongitudepoint errorfor
the COTS devices (0.075 meters combined) was less than the error associated with the
VTS (0.23 meters) or VDM (0.26 meters). Conversely, the avéasigelepoint error
for the COTS devices (1.54 meters) was maehdr than the VTS or VDM latitude point
errors and also much larger than the COTS longitudinal point effayare 46 shows
the error distribution of all tested devices for all points. Both the VTS and VDM error is
centered near the origin, whereas @OTS device data indicate a southern trend in the

data centered near 1.5 meters south of the true point.
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Figure 4-6 Error Distribution of Tested GPS Devices (meters)

5. a. VTS; b. VDM; c. COTS 6; d.
COTS 15

Using the same data set, filters were placed to compare several different series.
The first filter removed all GPS points when the VTS device recorded the vehicle
conducting a turn.In order to complete this test, all points with a calculated turning
radiusof less than 150 metefsased on methods described by HauZ@dR) were

removed from the data set and accuracies were recalculates straight point analysis
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(Table 42) indicated tha for all GPS devices testgithe GPS of the straight pointsear
similar to the overall GPS accuracy.

Table 4-2 Dynamic Accuracy Test Results for Straight Points

Average # |Average |Average
Sateilights |HDOP
Used

Maximum |STD XAverage [Maximum [STD YCEP [2DRMY
Diff X Difference|Difference
inY inY

Archer

Another analysis of the data set was conducted on only the points with a turning
radius of less than 150eters (Table 8). The CEP and 2DRMS of the VDM and COTS
devices indicate a reduced accuracy when turning when compared to the all points data.
The COTS devices asomparabléo the VDM device (6.03 metes.5.63 meter
2DRMS respectively), but the VT&evice accuracy imfluenced much less by turning
radius(Table 43).

Table 4-3 Dynamic Accuracy Test Results for Turning Points

Average # |Average [Average [Maximum |STD XAverage |Maximum |STD YCEP |2DRMS
Sateilights |HDOP |Diference|Diff X Difference|Difference
Used i inY inY

Archer 9.22

-0.12 290 1.05 0.14 299 0.9 11§ 2.84
0.49 7.0 2.05 -0.34 564 1.93 2.35 5.63
0.03 6.9 2.18 -1.2] 6.24 2.03 2.50 6.00
0.09 6.79 2.29 -1.17 572 1.99 251 6.09

Further analysis on the data set was conducted to approximate the conditions
under which the GPS devices will commonly be used during military maneuver tracking.
Using the same data set, additional paraméspesed and turning radiusjere used to

sort and filter the data to estimate the dynamic accuracy of the selected GPS devices

43



under various conditions. Of particular intereghe accuracy of the devices under
conditions similar to those that will often be encountered when tracking military
maneuve The average speeds of military vehicles in training are not as high as the
average speed of the overall accuracy assessment, therefore data were filtered to estimate
accuracy at below 6.5 meters per second (the mean total speed of all vehicles tracked
during other the other research objectives of this sti@ypw 3.05 meters per second
(average ofroad speed observed during other research objectives of this study), and
when the turning radius was below 30 m (approximate point of increase in distirban
from other researcfHaugen 2002; Li et al. 2007b; Liu et al. 2009Results of filtered
accuracy comparisons indicate that the COTS devices display similar errors to the
VDM/VTS when speeds are below 6.5m/sec (2DRMS: VTS 3.38m, VDM 4.15m, COTS
average 3.85m) and at estimated off road speeds of 3.05 m/sec (2DRMS: VTS 3.15m,
VDM 3.29m, COTS 2.79m average). When turning radius is included with speed
restrictions all four devices hava averag 2DRMS less than 5m. Estinmag off road

speeds at the most damaging turning radius (less than 30m), the average COTS error is

marginally less than that of the VTS or VDM (Tabld @
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Table 4-4 Error Estimates Based on Speed and Turning Radius

VTS VDM COTS 6 |COTS 15(COTS Averag
Speed CEP (meters)
<6.5m/sec 1.40 1.74 1.67] 1.54 1.61
2DRMS (meters
3.38 4.15 4.00 3.71 3.86
Speed CEP (meters)
<6.5m/sec and 1.47 1.55 1.58 1.37 1.49
Turning Radius|2DRMS (meters
>=150m 3.5 3.72 3.80 3.28 3.54
Speed CEP (meters)
<6.5m/sec and 1.25 1.84 1.8 1.69 1.75
Turning Radius|2DRMS (meters
<30M 3.03 4.40 4.34 4.07 4.2
Speed CEP (meters)
<3.05m/sec 1.32 1.38 1.24 1.05 1.15
2DRMS (meters
3.15 3.29 3.05 2.52 2.78
Speed CEP (meters)
<3.05m/sec ang 1.30 1.32 1.19 0.91 1.05
Turning Radius|2DRMS (meters
<30m* 3.11 3.16 2.94 2.20 2.57

*Only 18 points used in

COTSOperationalPerformance Assessment (Fort Benning)

In order to compare the efficacy of the COTS device to the previously tested
devices (VDM and VTS) a side by side field comparison was conducted. rdheys
accuracy tests compared the COTS device to the VDM and VTS under ideal conditions
with open sky views and continuous operation. Military maneuvers will often occur with
frequent stops and starts and under vegetative cover limiting direct lisgs tf GPS
satellites. In order to compare the devices under operational circumstances the COTS
devices were mounted next to VDM and VTS devices while conducting research on

maneuver impacts of redockaded woodpecker habitat at Fort Benning, GA. Thg V
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and VDM device have been used to determine the amount of time military maneuver is
spent in reecockaded woodpecker habitat for over one year.

In order to compare the devicéise standard procedures were followed for the
placement of the VTS and VDMevices on military vehicles that would be possibly
operating in reecockaded wookpecker habitat and the COTS devices were mounted to
the same vehicles. Most vehicles used in this comparisonMr®2 High Mobility
MultipurposeWheeled Vehicles (HMMWYV) bseveralariants along with three M1126
Stryker vehiclesThe M1152s were of similar design, but the rear deck where the
VDM/VTS GPS antenna were locate@sof several different designs. Some of the
M1152s had cargo strap mounting brackets near thtd/MDS GPS antenna mounts,
some had no brackets. On M1152s with cargo strap brackets the COTS devices were
able to be secured to the brackets near the VDM/VTS GPS antenna. On other M1152s
with smooth cargo compartment hatches there was not a mountitigrpési the COTS
device near the VDM/VTS antenna. On the M1152s without a good mounting position
the COTS devices were installed inside the armored cabins of the vehicles (although this
could limit satellite reception).

Overall 10 vehicles (includinthree M1126 Strykers) were mounted with the
COTS devices outside near the VDM/VTS GPS antenna position, and 16 COTS devices
were mounted inside the HMMWYV passenger compartments. As covering GPS devices
has been shown to reduce accuracy only vehicles@@hS device externally mounted
were of primary concern in this comparison (althodgta fromone internally mounted

device is included below due to relative availability of data).
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Of the ten COTS device externally mountdgbre were numerous corrugda
sets between the COTS, VDM and VTS devices. As this was the first implementation of
the COTS device in a field environmetitere were several lessons learned from the
COTS installation. The mounting of all devices was on a short time frame befalke veh
movement by the unit causing some installation rushing. Data collection error occurred
as two COTS devices were returned with the battery override strips still in place (no data
collected), and two COTS devices were returned with loose batteriels wére likely
loosened when the battery override strips were removed and corrections were not made to
correctly seat the batteries (no data collected).

Only four of the remaining outside COTS installations were returned with quality
GPS recording datamerous COTS devices were returned with quality data gathered
from recording inside the vehicle crew compartment, but only one of those data sets was
reviewed for the side by side comparison (LW202)). The COTS devices mounted outside
vehicles that had bletgood VDM/VTS and COTS data sets were on HMMWV numbers
LW152, LW154, LW202, and Stryker number STRQI202 had a COTS device
mounted externally and internally so the internal COTS device was also analyzed.

Analysis of the comparative data sets wasdoated differently than the standard
accuracy testing. As the VDM/VTS were not of a demonstrably higher accuracy order
than that of the COTS device neither the VDbMr VTS was consi dered
location, instead a determination of distance betweeretteding of the VDM//VTS
and COTS device was made, with the understanding that at a given point any of the three
devices could have been closer to the true geographic location. In order to compare the

devicesthe coordinates of all points were plotiach GlSanda line was drawn through
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the points of one GPS systerfihe comparison device location was compared to the line
to determine the distance a point was plotted from the line. For all comparisons the
VDM/VTS device points were used to createlthe, and the COTS device points were
subsequently compared to the line to determine point distance from the line.

Before comparisons could be made between VDM/VTS data sets and the COTS
data setsa representative data set was created. The VDM andhed®attery life that
far exceeded the battery life of the COTS device for the testing period. In order to have
representative data sets the VDM/VTS data sets were trimmed to the time frame captured
by the COTS device. This allowed the COTS device tcopepared to only the
VDM/VTS coordinates that were recorded at the same time as the COTS device data.
The GPS tracking data was also broken up into segments so there was not overlapping
data during comparison (to reduce the likelihood that points ardiif time recordings
were compared to the incurred line). Figur@ghows one GPS track of a VTS device
(on HMMWYV LW154) trimmed to the COTS device recording length then used for
comparison. The insert shows a line through the VTS GPS points. Ant@$Riear)
was used to compare the distance in meters that the COTS device differed from the VTS
line. This technique does not provide an absolute GPS unit accuracy, but does provide

data for the like kind comparability of the two devices.
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Figure 4-7 Comparison of COTS GPS Points to VDM Line at Fort Benning, GA
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While the overall data set was less than desirable, there were four vehicles that
had externally mounted COTS devices with both a complete GlaESset and a
complete VDM or VTS data set (vehicles LW152, LW154, LW202, and STRO09).
Figures 48 thru 411 show the overall GPS points of each tracked vehicle based on the
COTS device battery life and a setled insert to demonstrate the separatiom®iGOTS

device from the line created through the VDM/VTS data.
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Figure 4-8 Comparison Data Sets for HMMWV LW154
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Figure 4-9 Comparison Data Sets for HMMWV LW202
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Figure 4-10 Comparison Data Sets for Stryker 13
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Figure 4-11 Comparison Data Sets for HMMWYV LW152
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Analysis of the rsulting COTS/VDM/VTS data comparison is found in Table 4
5. Excludingtheinternallymounted device on vehicle LW202, the average distance of
the COTS device from the line created by the VDM/VTS data is 2.013m@.COTS
devices all had less battery litean the VDM/VTS devices only capturing 45.9% of the

total GPS data of the coupled VDM/VTS device. The lone inside vehicle data set
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reviewed was the COTS device mounted internally on HMMWYV LW202. This device
recorded 45.8% of all data of the VDM deviceunted on the same vehicle with an
average distance from the COTS device to the VDM of 3.51m.

While with this test desigrerrorof and individual devicés not able to be
precisely determined due to lack of a higher order GPS device, the range beéseen
the COTS device and the VDM/VTS devigegreater than the maximum errors found in
the controlled accuracy test. The range of maximum error in the controlled accuracy test
was the error associated with the VTS of 11.24m, whereas the differenez=behe
VDM/VTS and the COTS device in the side by side field comparison had maximum
differencesexceeding 18 meters in all but one side by side comparison (LW154 8.75m).
Table 44 displays the average distance, standard deviations of distance, antumaxi
distance of the COTS device from the line produced from the VDM/VTS GPS points for

the same vehicle and tracking period
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Table 4-5 Comparative Analysis of COTS GPS Data During Simultaneous Field
Collection with VDM/VTS GPS Devices

ComparigTotal |Total PercentaggAverage |Std Dev|Maximum
on points|Distancegof total Distance [of COTSdistance
Vehicle: (km) VDM/VTS |from distance|from
LW152 distance |VDM/VTYfrom VDM/VTS
recored by|Line to |VDM/VT|line to COT
COTS COTS (mSline |(m)
Device

VDM
LW202

44834

COTSs
Outside
LW202
COTSs
inside
LW202

16164 45.39 1.61 1.31] 18.6

16276 98.976 45.89 3.51 5.49 116.4

41564
STR13
COTS 14733 70.97
STR13

It should be noted that multiple vehicles had VDM/VTS devices
functioning properly with COTS devices mounted inside of the vehicles that were not
tested during this analysis. Simple mapping of that data set diciadat some
internally mounted COTS devices did not collect data while the vehicles were in motion

(data collected from VDM/VTS) but did collect data after the COTS devices were
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recovered from the vehicles indicating a complete lack of signal duringahteOTS

mounting.

Discussion

Objective 1 of this research was to determine the ability of the selected COTS
device to track military vehicles at a comparative accuracy level to that of the previously
tested VDM and VTS devices. Analysis indicates thatCOTS (2DRMS of 4.57 m to
4.68m) device may be marginally less accurate overall than the VDM (2DRMS 3.78m) or
VTS (3.09m) While in the overall accuracy test indicate the accuracy may be slightly
less than the VDM/VTShe COTSdevices produced accusakevels nearly identical or
exceeding those of the VDM and VTS at military operational sp@éioad training
speed COTS accuracyCERL determinedaccuracy requirements need for maneuver
tracking GPS devices as havingasitiond accuracy within 5 f®5% of the time and
turning radiusaccuracy within 10 m 95% of the timi€dch et al. 2012 The COTS
devices tested met or exceeded the CERL accuracy requirements with overall accuracy
just under 5 meters (4.57 to 4.68 meters during dynamic testinglirauig radius
accuracy of 6.00m to 6.30m overall. When reduced to estimated military training speeds
the accuracy results are further increased.

The COTS devices in direct field comparisons also indicate strong similarity to
the previously tested angproved GPS deviced'he COTS device when powered
provides a similar data set to that of the previously tested device under similar conditions
(vehicle types and speeds, terrain and canopy cover). On the limited analysis conducted
with a COTS device plad inside an armored HMMWYV the COTS device still was able

to record data and provide a similar record of vehicle movement to that of the VDM/VTS
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although more analysis of inside mountirggexterior mounting neeto be conducted
to provide significant eadence to the efficacy of the device when mounted inside a
vehicle with theoretically reduced satellite signal.

The limiting factor for the COTS devices tested is the batteryTifee VDM and
VTS devices tested in side by side field comparisons colletdta 34 to 65% longer
than the COTS devices with the batteries used in the test. Results from the side by side
test indicated an average battery life of 4.53 hours of moving time recorded by each
device whereas the VDM and VTS average was 11.85 hecwsded over the same
events. Subsequent tests conducted with the COTS using different batteries have shown
a wide range of battery life based on battery type and brand. Even with battery types that
are able to record more data on average the COTSedduaick the ability texpand
recordinglife similar to VDM/VTS devices. Further tests to determine the best battery
type to provide the longest operational battery life for the COTS device would need to be
tested prior to wide ranging use for trackingder training events. Other brands of
civilian GPS devices may provide similar accuracy to the tested devices with longer
battery life.

The tested COTS device provides comparable data to the VDM/VTS devices and
could be used separately or in conjunction with the VDM/VTS to reliably track short
duration military maneuver. For use in tracking longer duration events for more than a
sample otrainingmaneuver, the COTS would have to have battery replacement during

the training or increased battery life.
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Chapter5-Est i mMéi ngcs of Maneuver

Based on COTS Data through

Introduction

Maneuver training lands provide somettoé most diverse and least developed
environments in parts of the U.S. Often they represent the only lands not converted to
agriculture or urbanized in a particular environment. Subsequently they provide habitat
to a disproportionately high number oféatened and endangere@aps In addition to
their natural value military lands provide a vital resource of significant strategic value as
both training lands and force projection platforms. Overuse of training lands can limit
their ability to be usetbr required training in t@ future(U.S. Army 2004) As such
military training land managers must manage the resource not only to provide realistic
training areas for current training requirements, but also in asaltaifashion to be
able to provide the needed resources for future traffurt. Army 2004) The
management of Army lands is directed under the Army Sustainable Range Program
(SRP) under Army dodhe in Army Regulatin 35019 (U.S. Department of the Army
2005)

According to Army Regulation 3509, the defined goal of the SRP is
At o maximize the capability, avail
training lands to support doctrinal requirements, mobilization, and deployments
under normal and surge conditions. Within SRP

(1) Capability refers to the SRP core programs (the Range and Training

Land Program (RTLP) and Integrated Training Area Management (ITAM)
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Program) and the continuing capacity of ranges to meet the demands dictated by
the characteristics of its weapons systems and doctrinal requirements.

(2) Availability refers to the nonenvironmental facility management
functions and the continuous availabildfthe infrastructure that is essential for
safely operating the range complex.

(3) Accessibility refers to the environmental compliance and management
functions and the continuous access to the land for realistic military training and

testingd

Based o this goalthe task of managing the training landdliiected by th&&RP
to theRTLP and ITAMoffice at each installation.These land managenged tchave the
capability to determine what impacts military maneuver is having on the installation in
order to make well informethanagemerdecisions. Without sound information on
where, when and how military maneuvers are impacting the training lands, managers are
unable to properlyocus ecovery efforts, understamchat areas may need restedwvbrat
ared may be being underutilized.

There are some systems in place that can provide information to RTLP and ITAM
about military maneuver training usagéhese include range training schedules, the
Range Facilities ManagemeBupport System (RFMSS), Army ddoe including:

Combined Arms Training Strategies (CATS), Mission Training Plans (MTPs)\any
Training Circulars (TC). Army TC 2% issued as recently as 2004 providedhkasic
guidance on estimating the amount of training area required bgiz@iandype for

several major training actives on an anrhasdis. This estimation is based on CATS and
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MTPs and subject matter expert guidance. These estimates are broad area usage
requirements, but do not specify provide information about spep#itta usage
patterns.These estimation techniqupsovide some approximation of the required
training area, but do not take into account specific wartime mggm@aming area
availability, or thespecificspatial relationships that may be presentaming area
requirements.

Beyond the basic training space requirement figures from TCd&ber
estimations of training area usage can be figured based on RFMSS. RFMSS includes not
only the range scheduling, but the unit type, a loesicriptionof the training type and
unit input on the vehicles to be used in the training. RFMSS provides a better
understanding of the spatial relationships of maneuver training than the installation wide
spatial scale estimate from TC-25but is still limited to erte Maneuver Areas (MAS)
which can be several square kilometers. RFMSS also relies on accuracy of input data by
military units which can be suspect.

Simply knowing the amount of land or even the general MAs used by military
units only provides limited imirmation to military land managers. Due to the
interactions of military vehicles on the landscape (often called disturbance) the difference
between a highly degraded training area and an acceptable trainimgpesas not only
on the number of vehiclasing the area, but the types of vehicles, the dynamic (moving)
properties of the vehicles, and the natural conditions ofti &t the time of disturbance
(Althoff et al. 2007; Anderson et al. 2005a; Ayers 1994; Ayers et al. 2000b; Fehmi et al.
2001) More damage can occur from multiple vehiclegaessthan single vehicle passes

(Althoff et al. 2010; Anderson et al. 2005a; Lindsey and Selim 2012; Prosser et al. 2000;
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Rice 2006) The type of vehie impacts maneuver disturbar(@éexderson et al. 2005a,;
Anderson et al. 2005b; Goran et al. 1983; Haugen 2002; Li et al. 2007a; Liu et al. 2009;
Sullivan and Anderson 2000Heavier vaicles result in different amounts of

disturbance. Maneuver disturbanceies by vehicle turning radiy@yers 1994;

Dickson et al. 2008; Liu et al. 2009nvironmental conditionsuch as soil type, soil
moisture, and vegetative cover alsteaf the amount of disturban¢althoff and Thien

2005; Althoff et al. 2010; Dickson et al. 2008)

The use of GB devces to track military training maneuver has been successful in
helping identify disturbanc@yers et al. 2000a; Haugen 2002; Haugen et al. 2003a,;
Koch et al. 2@2). The United States Army Corps of Engineers (USACE) Construction
Engineering Research Laboratory (CERL) in partnership with researchers at several
universities have developed GPS data loggers fomusacking maneuver training
(Koch et al. 2012) These systems called the VTS and VDM (or VDMTS) have been
implemented in several research studies to help further develop GPS tracking capabilities
(Koch et al. 2012) The devices havalso been used on small scale limited basis studies
of military maneuver impacts. For example the VDM and VTS devices have been used
to track military maneuver near the endangereecredc k aded woodpecker 6s
Fort BenningGA. These devices haween reviewed for wideise as land management
tools(Koch et al. 2012)These GPS devices have several limitations including
complexity of use, size, armbst. Alow costCivilian Off The Shelf (COTS) device was
seleted and tested to determine if it could provide the same information with reduced

costs and complexity.
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In the previous chaptehé COTS devicéested provided data that was similar to
the VDM or VTS data in accuracy and composition. The dealsmwvasable to record
data from military maneuveet Fort Benning, GA This research will use the previously
tested COTS device in an attempt to quantify specific trainyngnitto training area
disturbance.This researcls designed to test undeearlyideal conditiongnot
laboratory conditions, but relatively similar conditions compared to the wide range of
training conditions possibla@yhat proportions of select training metrics can be
determined by specificategories. In this research units werekiealcwhile conducting a
trainingexerciseand the GPS data was partitioned into categories then analyzed to
determine if there is a difference within specific recorded metrics. The categories the
data was divided into were unit based (platoon/companylibaftand vehicle type
based (ex. M1A2 Abrams Tank, HMMWYV etc.The metrics compared were the total
distance traveled, distance traveled off road, average speed, average speed off road,
percent of total training time spent moving, percent of training 8pent moving off
road, and the percent of training time spent moving off watda turning radius less

than 30 meters

U.S. Army Structure

In order to understand some of the important aspects of how this research was
conducted a limited understanding of Army organizatems training regimeis
required. The Army is a hierarchical structure going from large to small organizational
elementm the following order Army, Corps, Division, Brigade, Battalion, Company,
Platoon, Squad, Team, Soldier. There are different types of units within this basic

structure, examplaacludeinfantrybrigadesarmor brigadesand engineer brigadeEhe
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unit paticipating in this researcliirst Armored Brigade Combat Team, First Infantry
Division (1ABCT/1ID)is aspecific type obrigade the Armored Brigade Combat Team
(ABCT) with a modular formation similar in force structure to all other ABCTs in the
Army. All ABCTs contain approximately 3,700 Soldiers split between one Armored
Reconnaissance Squadron (also known as Cavalry), two Combined Arms Battalions
(CAB), one Field Artillery (FA) Battalion, one Special Troops Battalion (STB), and one
Brigade Support Bealion (BSB). Within the ABCT the two combined arms battalions
and the reconnaissance squadron provide the vast majority of the units that conduct
maneuver training while the other units primarily provide othwediliary functions and
thereforerequire lss maneuver training (intelligence, communications, medical and
mechanical support).

The force structure of the Brigade Combat Team (BCT) is designed to make it a
deployable unit with internal capabilities sufficient to provide most of its own support
arnd needed combat power. As all ABCTs are manned and equipped similarly they are
supposed to be able to be conduct similar missions allowing them to rotate into combat
areas and take over for other ABCTs with minimal force structure changes. This modular
concept also applies to the Armyds two ot he
Combat Team (IBCT) and the Stryker Brigade Combat Team (SBCT), where any one
IBCT is considered nearly equivalent in capability and structure to any other IBCT.
There are sigficant differences in manning, equipment and capabilities between the
ABCT, IBCT and SBCT. All of these formations are relatively new concepts having been
implemented in their current forms over the past decade where they repldioegion

centered Army The current modular desigitiows the Army the flexibility to deploy an
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individual brigade instead of an entire division. Further revisions of the force structure
within each BCT are currently being implemented, with the addition of a third CAB, a
charge to the structure of the FA battaliondahechange of the STB into an engineer
focused organization the Brigade Engineer Battalion (BHB)ese changes will impact
the missions a BCT is capable of conductiiigpe numbers of BCTs in the Army is also
changing due to the force structure changes within each BCT and due to budget

considerations (available current estimates are2okBCTs, 14 IBCTs, and 7 SBCJ's

Methods and Materials
Site Description: Fort Riley
Fort Riley is a U.S. Army military inskiation located in the@orth centrato
northeast portion of the state of Kansas, U.S.A. Fort Riley occupies a portion of three
different counties, Clay, Geary and Riley Counties in Kansas with the majority in Riley
County. It is bounded on the south Kyt Kansas River near the confluence of the
Republican and Smokey Rivemhe cities of Junction City (populati@pprox.21,000),
Ogden (populatiompprox.2000), Riley(populationapprox.1,000) Milford (population
approx.900)and Keatgpopulationapprox.400)are adjacent to the installation
boundaries, with the city of Manhattgmopulationapprox.52,000)being approximately
two miles to the easfThe local climate is temperate continental with hot summers and
cold dry wintersThe installatiorareais approximatelyl00,775 acresf which 70,000
acres is used for maneuver training. Fort Riley is an Army Forces Command
(FORSCOM) installation with the mission of
Joint Force requier damemrt $00t Tke Atonydsi i thbt

(11 D) al so known whishintlddesehreB mapeutreigades (evo
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armored brigades, one infantry brigade), along with one combat aviation brigade, and
several separate battaliond= o r t  Ratutaleegvidomment is part of the Flint Hills
ecoregion and is dominated by gently rolling open topography covered primarily by
tallgrass prairi€big bluestem, indiangrass and switchgrasd)ere is a woodland
component to the installation primarilysagiated with stream drainages and ravines.

The area surrounding the post is covered with agricultural row crops which provide a fire
break for frequent grassland fires started on the installation. The installation elevation
varies from 312 to 415 metesbove sea leve{Fort Riley Directorate of Public Works

2010)

Military Vehicles

Within this research various vehicle types were fitted with COTS GPS devices.
The vehicle types tracked in ghiesearch are the M1A2 Abrams main battle tank, the
M2A3 Bradley Infantry Fighting Vehicle, the M3A3 Bradley Cavalry Fighting Vehicle,
the M7 BFIST Bradley Fire Support Team Vehicle, the M113A3 Armored Personnel
Carrier(APC), the High Mobility Multipurpse Wheeled Vehicle (HMMWYV), and the
Light Medium Tactical Vehicle (LMTV). Each vehicle type is desigfardh specific
purpose, having differing missions and capabilities. Different vehicles can be expected to
operate differently in maneuver training dodheir differing usesA brief description of

each vehicle follows.

M1A2
The M1A2 Abrams isthe BArmyd s ¢ wmairr batttettank The M1A2 is the

third generation of the M1 Abrams vehicles which enteezdice in 1980lt is

constructed by GenerBlynamics. The M1A2is the primary vehicle weapon system of
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armor unitan the Army The M1A2 isa tracked vehicleperated by a crew of foua,

driver, loader, gunner, and thehicle commander. The M1A&eights 69.54 tons
(approximately 140,000 Ibg) 3.66 meters wide, 9.83 meters long and has a ground
pressure of 106 kN/m It is powered by a 1500 hp gas turbine engine. The M1A2 is
armed with a 120mm smooth more cannon along with two 7.62mm M240 machine guns

and one .50 caliber M2 machine gi@eneral Dynamics 2013)

Figure 5-1 M1A2 Abrams Tank
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M2 Bradley Fighting Vehicle Family of Vehicles
There are numerous vehicles built on the M2 Braglatform designed by BAE

systemgformerly United Defense). This trackeehicle platform entered service in the
US Army in 1981 as the M2 Bradley Fighting Vehicle. Subsequent versions of the M2
have been designed to take advantage of technologicaladvanhe US Army currently
utilizes the M22 Infantry Fighting Vehicle (IFV), M3A2 Cavalry Fighting Vehicle

(CRV), M2A2 ODSE (an engineer variant), M2A3 upgraded IFV, M3A3 upgraded CFV
and the M7 Bradley Fire Support Vehicle (BFIST) among others. Allesfe vehicles

use the same vehicle hull with modifications to weapons systamsnunications and

other ancillary devices for specific military uses. The basic M2 platform weights
approximately 34.5 tons (75,500 Ibs), has a 600 hp diesel engineme®¥s in length,

and 3.2 meters wid@M General LLC 2013) The vehicle requires a three person crew
(driver, gunner, vehicle commander), and can carry up to six dismount Soldiers in the
back. The main gun on BM2 variantsis the 25mm bushmaster chain gun, there is also a
7.62mm M240 machine gusome variants also have additional missile systérhs.

M2A2 IFV and M2A3 IFV are the main weapon system for mechanized infantry
companies. The M3A2 CFV and M3A3 CFve the main weapon system for
mechanized cavalry units. One M7 BFIST is found in nearly all mechanized maneuver

units to provide fire support.
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Figure 5-2 M2A2 ODS operating on Fort Riley, KS

M113 Armored Personnel Carrier (APC)
The M113 APC production started in 1960 with over 80,000 vehicles produced in

various configurations for worldwide usage sindéis tracked vehicle originally
operated as @arrier for infantry Soldiers, it has been regidén that role by the
M2A2/M2A3 IFVs in the US. The M113A3 is the current variant used in the US Army.

The M113A36s combat weight is 12.3 tons
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hp diesel enginelt is 4.86 meters lone and 2.69 meters widAEBESystems Inc. 2013).

The vehicle requires a minimum two person crew, but can carry up to 13 total including
crew. The vehicle has been fitted with numerous different weapons systems, but is
normally armed with a M2 .50 caliber machine gdie vehicles still used in numerous
capacities in the US Army. Primary functions currently include medical evacuation
vehicles, mortar weapon system carriers, and command post operations. Each infantry
and armor company in has one or more of these vehicles usithily the company

headquarters.

Figure 5-3 A variant of the M113A3 APC used for command and control purposes

High Mobility Multi -purpose Wheeled Vehicl¢HMMWYV)
The HMMWYV is the most widely usedheelal vehicle in the U3nilitary

arsenal.lt first entered service in 1984 and replaced several other small wheeled vehicles
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including the jeep. Itis a four wheel configuration with full time four wheel drive. There
are over 15 different variants in useramtly. The vehicle capacity can be from two to

ten. The vehicle weights of the different variants can differ significantlyabeitusually
between 2350 kgs %88 kgs Dimensions are 4.8#%eters long, 1.82 meters wigeM

General LLC 2013)

Figure 5-4 HMMWYV M1152 Variant with Armor Kit (GVW 5882 kg)
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Family of Medium Tactical Vehicles (FMTV)
TheFMTYV series of vehicles is primarily used for transport of personnel and

equipment. This group of vehicles manufactured by the Oshkosh Corporation includes
both four and six wheeled variants. Dimensions vary considerably between variants.
The FMTV tracked in this research was a Light Medium Tactical Vehicle (LMTV). The

LMTV is a four wheel vehicle with an unloaded weight of 10389 kg. The vehicle has a
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2268 kg payload capacity and a 5443 kg towing capacity. Its overall length is 6.74

meters and its with is 2.44 meers(Oshkosh Corperation 2010)

Figure 5-5 Four and Six Wheeled Variants of FMTV (called LMTV and MTV

respectively)

Case Studies

A series 6 case studies @econducted using the COTS GPS device to track
military maneuvers and subsequently tieedata to compare the maneuseents The
case studies consisted of trackpations ofthree battalions as they conductsaining
relatedmaneuves on Fort Riley, Kansas. The three battalimasked 4" Squadron, %
Cavalry (44CAV), 1° Battalion, 18' Infantry (1-16IN), and 2° Battalion 34" Armor (2-
34AR),were all subordinate units icABCT/1ID. All three battalions were operating
under thesame command structufgame BCT,)on the same installation (Fort Riley,
KS), and withsimilar manning levels, maintenance, budget and time on the installation
since their last overseas deployment. All three units had completed individual, team, and
squal level training. All units had completed the same level of vehicle live fire gunnery
(firing their vehicle mounted weapon systems) and were preparing for platoon level live
fire maneuver trainingTable XII gunnery) All three battalions were given tlsame

mission of conducting the maneuver training required to complete a pkigdn
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Training Exercise (FTX) concluding with a platoon maneuver live fire exercise. These
similarities between units providan opportunity to compare training maneuver imith

and between the unitexder a best case scenanaletermine the similarities and

differences within trainingBelow is a description of each battalios st ruct ur e al

with the specific battalion training event design and execution.

1-16 Infantry Battalion
One of the twaCABsfor 1IABCT/1ID is 116 Infantry Battalion.A CAB is the

principle fighting force in the U.S. ArmyAll other functions in thé8CT are designed to
ensure the success of the two CABs. As a CABG Infantry has a wartime misg& of
providing full spectrum operations which includes closing with, maneuvering on, and

destroying enemy formations

Unit Task Organization

The standard design of a CAB in an ABCT consists of six companies. The
Headquarters and Headquarters Company (HHC) provides command/staff functions, fires
support, and intelligence to the maneuver (infantry and armor) companies. There are two
infantry canpanies (normally designated as A company and B company) which have the
direct fire capabilities of their M2A3 Bradley Infantry Fighting Vehicles, along with
dismount infantry squads capable of engaging enemy targets. There are also two armor
companies (ormally designated as C company and D company) which have vehicles
with greater lethality and survivability than the infantry companies, but do not have the
capability to carry Soldiers that can dismoumhe final company is Rield Support

Company (FSC) which provides maintenance and logistical support neeatheuver
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companies Figure 511 below shows the common structure of a CAB in a hierarchical
fashion with the largest unit (battalion) on the top.

Figure 5-6 Simplified CAB Task Organization 1-16 Infantry Battalion

[ Battalion > 1-16 Infantry I
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[Companies > HHC i 1O O FSC
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= O g9
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The breakdown of each maneuver company in a CAB is similar in that they have
one headquarters platoon and three maneuver platoons each. The two infantryempa
in each CAB have three infantry platoons, and the two armor companies have three armor
platoons. Figures-52 provides a visual breakdown of the vehicle structure within the
approximately 130 Soldier infantry company. The headquarters has two M2A3wo
HMMWVs for the company leadership, a M7 BFIST for fire support, a LMTV for
company internal logistics, and a M113A3 (or variant of M113) that for command and

control. Eactof the threanfantry platoon has four M2A3 vehicles.
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Figure 5-7 Infantry Company Vehicle Organization
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Figures 513 provides a visual breakdown of the vehicle structure within the

approximately60 Soldierarmorcompany. The headquarters has twbAds and two
HMMWVs for the conpany leadership, a M7 BFIST for fire support, a LMTV for
company internal logistics, and a M113A3 (or variant of M113) that for command and

control Each of the three armplatoors has four MA2 vehicles.

Figure 5-8 Armor Company Vehicle Organization
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Training Event Design

1-16 I nfantry Battalionds mission from 1,

level FTX culminating in a platoon live fire exercise. The battalion scheduled the ranges
and training landHat the battalion staff determined would be required to conduct this
training. Broad guidance from the battalion was given to the companies about the overall
training goal of having platoons that were qualified on a platoon live fire exercise at
completion of the training event. The battalion gave the companies the freedom to design
the required platoon FTX training to ensure that the platoons would be successful on the
live fire portion of the trainingrhich was ran by the battalion. The battalestablished

the overall schedule of when each company would be conducting dry fire (no ammo) and
live fire exercisesnd which training areas were available to each company byEgah
company determined the individual needs of their subordinate ptafootrainingon the
training daysther than the dry and live firélhe battalion headquarters and FSC
companies provided needed support in the field with stationary command posts

established near the location of the live fire training.

Training Event Execution

On 06 August 2013 all units from116 IN moved from Fort Rilegarrison to the
training area. The HHC, FSC and company HQ platéanall four maneuver
companie®ach established tactical operation centers in the training areas for the units to
operate out of for the duration of the trainiri§ach unit conducted its training plan for
each day of training. Some units conducted dry fire and live fire towards the beginning
of the training period (armor companies) while other units focused aeguening on
maneuver training and urban operations. Each company had approximately the same

amount of time to conduct each type of trainingt the companies did not follow similar
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internal training plans. One of the infantry companies, A company hadseompany
established training lanes where they had platoons execute training against each other, in
offensive and defensive operations both mounted in their vehicles and dismounted on
foot. The same company had some training with no enemy forcesthardraining

where the enemy was a small section of their headquarters platoon. The other infantry
company had more focus on urban operations training, made up some missed training by
some of their platoons to prepare for the live fire, and had anbaere theyused their

BFIST crew operate as the enemy element. One of the armor companies, D company,
started off with preparing the live fire range and conducting training focusing primarily

on the live fire training along with some drivers trainingll training was complete by

17 August 2013.

COTS GPS Device Installatioand Recovery
COTS GPS devices were installed efélInfantry vehicles on 6 August 2013.

The devices were installed on the same date as the training start date for the unit. COTS
devices were only placed on vehicles from A company, B. company and D company. A
& B companies are the battalions infantry companies. C&D companies are the

b at t aarmoraconfpanies (of which only D company participated in the research. In
total 32 CA'S devices were installed on the vehicleS7mminutedy one installer. Of

the 32 devices, 11 were installed on M1A2 Abrams tanks, 20 were installed on M2A3
Bradley fighting vehicles, and one was placed on a LMTYe installation of each

device conists of removing a battery override strip, checking for proper operation of
device by inspecting power indication lights are on, securing of the device to the vehicle

with two 20cm cable ties and tile tape for additional moisture protection. The installer
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also records the device COTS number, vehicle type, vehicle identification number, and
unit name. Installation of the device and data recording averaged less than two minutes
per vehicle.The devices were secured on the same location on each vehicées type
indicated infigures 514 thru 517 below. On the M1A2 the COTS device was placed
inside of the right rear taillightover. \While thislocationcould reduce signab the
device,themilitary unit recommended thimounting point ashe only place onhie hull

of the vehicle that would not have direct impact from Soldiers stepping on the device or
from vegetation striking the device during maneu¥egire 514). On the M2A3

Bradley the device was placed on the right rear top portion of the hull sgasteap

mount, this provided a secure location with a low likelihood of disturbance from or to the
crew (Figure 515). On the LMTYV the device was mounted on the right side of the
vehicle on the side mirror mounting brackiéigure 516). On the HMMWYV tle devices
were mounted on the right side of the baekldlid on a cargo strap mount (Figurd B

this provided a clear skyview and should have been out of the way for the crews (in
usage, the crews often placed ruck sacks over top of this mountinghpcdine devices
were recovered with the battalion still conducting training on 12 August 2013. The de
installation took 12 minutes per vehicle including recording the power status of the
device. If the device still had power at the time of recoves\btitteries were removed
immediately to ensure no further recording of data occurred. One COTS device was lost

during training so no data was recovered.
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Figure 5-9 COTS Device Mounting Location M1A2
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Figure 5-10 COTS Device Mounted onVI2A3, M3A3, M7 BFIST
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Figure 5-11 COTS Device Mounting Location LMTV
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Figure 5-12 COTS Device Mounting Location HMMWV

2-34 Armor Battalion
The other CAB in this research wa82 Armor Battalion. The battalion mission

and descriptiomre the same ds16 Infantry.

Unit Task Organization

2-34 ARis designed nearly identical telb IN with the same number and types
of companies and platoons. The battalion has the same capabilities and vehicle

organization as-16IN (figure 518).
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Figure 5-13 Simplified CAB Task Organization 234 Armor Battalion
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Training Event Design
2-34 Ar mor Battalionbs mission f-téom 1ABC"

Infantry Battalion, the only differing guidance was the timeframe that the training would
be conducted. Wthelthe mission to the battalion from the brigade was the same, the
battalion leadership took a different approach to training the subordinate companies.
Instead of conducting training of all companies in the battalion at the same {3faR2
staggeredhetraining of the maneuver unitsThe battalion split the maneuver companies
into two groups, with the infantry companigsnducting their FTX training first then
moving into their live fire training. Once the infantry companies had started their live
fire exercisethe armor companies moved from garrison and started condtiogiing

FTX while the infantry companies conducted their live fifdle companies were

allowed to determine the training needed for each platoon during the FTX, and the

battalion cotrolled the overall timeline and live fire.
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Training Event Execution
234 Ar mor 6s HHC, FSC and both infantry

company) moved to the training areas on 16 August 2013 to start conducting platoon
level FTXs. The units conducted various platoon lanes, and some maneuver training that
included off roadnovements below the platoon level (squad level maneuver, and driver
training). The infantry companies completed their FTX training and moved to live fire
training on20

The armor companies moved to the training area to start conducting their FTXs
on 2 August 2013.They conducted similar maneuver training to the infantry platoons
based on their companies training plans. The armor platoons completed FTX training on

27 August 2013 and then conducted live fire training.

COTS GPS Device Installation and Revery

COTS GPS devices were installed e6B2Armor vehicles on two separate dates
due to the battalionbs divided training pl
August 2013 COTS devices were instd@dled on
company and B company) prior to the vehicles moving to the training area. The units
began training on 16 August 2018.company had 15 COTS devices all of their
maneuver vehicles (14 M2A3, 1 M7 BFIST), B company had 13 COTS devices placed
(12 M2A3, 1M7 BFIST). Two M2A3 for B company were not used in training. The
COTS devices were recovered from A company and B company on 20 August 2013
while the units were starting their live fire gunnery. The data was downloaded and
batteries were replaced. ThOTS devices were installed on C company and D
company vehicles on 21 August 2013. C company received 13 COTS devices, 12 on

M1AZ2s, and one on an M7 BFIST. D company received 15 COTS devices, one on a
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M113A3, one on a M7 BFIST, one on a HMMWYV, and theaarder on M1A2s. The
devices were left operating on C and D companies until 27 August 2013 when they were

recovered. Battery status at the end of training was recorded for all devices.

4-4 Cavalry Squadron
The reconnaissance squadron for 1ABCT/1Ihes44 Cavalry Squadron (the

term squadron is a colloquialism that is nearly synonymous with the term battalén). 4
Cavalry has a wartime mission of providing full spectrum operations, but is and has
operated in previous deployments similar to the atherbattalions followed for this
research.Based on Army doctrine the4Cavalry would have a mission of providing
intelligence, surveillance and reconnaissance to the brigade. In that mission it would be
out in front of the other battalions closesthe enemy trying to identify enemy forces

and locations in order to give that information to the higher headquarters.

Unit Task Organization

Cavalry Squadrons in the ABCT are designed with a different personnel set and
equipment that that of the CABsalto the nature of their mission. They normally
consist offive troops(a troop in cavalry is synonymous with a company in an infantry or
armorbattalion). TheHeadquarters and Headquarter TrédpiT) provides
command/staff functions, fires support, and intelligence to the man@axery)troops.
There are three cavalry troops (normally listed as A troop, B troop, and C troop) which
provide the combat power or fighting force for the squadron. Taeleo one Field
Support Company (FSC) which provides maintenance and logistical support to the

cavalry troops.
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Figure 5-14 Simplified 4-4 Cavalry Squadron Task Organization
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Within eachof the threeCavalry Troo there is one headquarsgriatoon, and
two cavalry platoon§for a total of three headquarters platoons and six cavalry platoons
in the squadron The headquarters platoon is similar in function to that of the other

headquarters platoons in that it provides command and control support to the maneuver
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platoons, it has one M3A3, one M113A3, one M7 BFIST, one LMTV, and two
HMMWVs. The cavalry platons each have four HMMWVs and three M3A3 Bradley

Cavalry Fighting Vehicles.

Training Event Design

4-4 Cavalry Squadron had the same overall missior1&N and 234AR to
conduct a platoon level FTX culminating in a platoon live fire exercise. #h€avalry
Squadron level leadership approached the training differently than the other two
battalions. Instead of allowing each troop (company) to determine what training each
platoon needed and to execute that trainintgetcompany level,-4CAV instead
designed a training event that dictated the time, location and type of training each cavalry
platoon would be conducting. They hsid training lanes with specific missions for the
platoons to execute. The training lanes included one mission each ef: rout
reconnaissance, zone reconnaissance, area reconnaissance, area security, screen, and a
gunnery table XlI preparation. Some of these missions were conducted by one platoon
executing by itself, other missions pitted one platoon versus another platotive ehid
of lane training the squadron would come back together and each unit would execute the

live fire table XII gunnery.

Training Event Executim
4-4 CAVs FTX was conducted between 21 and 26 July 2013. The unit had

reserved nearly al/l of Fort Rileyds maneuv
training. The primary focus of the squadr
but thesquadron HHT provided a command post in the field and personnel to direct and

give feedback to each platoon on their res
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provided food, fuel, mechanical and medical support to the squadron in the field during
training.

On 21 July 2013 all the units moved from the Fort Riley garrison area into the
maneuver training areas. The squadron headquarters, each troop headquarters, and the
FSC moved into out and established command and control, and logistical networks in
various maneuver areas, where they would remain throughout most of the following
weeks training, with the exception of small support missions conducted from their
respective sites. All six of the cavalry platoons moved from garrison and started their
regective training lanes. Each lane was designed to start at approximately 2000 (8:00
pm) local time and conclude during the nighttime houdts.some platoons were
conducting some platoon versus platoon training they were instructed to turn off the Blue
Force Tracke(BFT) isa GPS and GIS based system that allows military units to know
where other friendly units are located}.the completion of each lane, the lane observers
would conduct and After Action Review (AAR) of the training lane, and the platoo
would be released from the lane and move to their respective troop headquarters location
to rest and prepare for the next nightads
rotate in a predetermined manner so that over the course of the traiamplatoon
would conduct each training lane one time.

During the daylight hours between missions, the platoons would rest and reset
their equipment and conduct required preparation for the next mission. Much of this
preparation for the next mission wdwccur with limited vehicle movement, but some
preparation would have required additional on and off road vehicle movement. In

particular, some crews were taking advantage of available training time to train additional
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Soldiers on the operation of thehicles including on and off road drivers trainirigfter
all training lanes had been executed the squadron relocated near the live fire range and
prepared for the live fire exercises. No COTS GPS recording occurred during this live

fire training portionfor 4-4 Cavalry.

COTS GPS Device Installation and Recovery
COTS GPS devices were installed oA €avalry vehicles o6 and 17 July

2013. There were 32 COTS devices available. The devices were split between the three
cavalry troops, (A troop, Boop, and C troop). A troop received eight COTS devices

total, six were placed on M3A3 CFVs, two were placed on HMMWVs. B troop received
16 COTS devices, six were on M3A3 CFVs, 10 were on HMMWYVs. C troop received
eight COTS devices, three were on M3AB\G, three were on HMMWVs, one was on a

M7 BFIST, one was on a M113A3. All three troops fro €AV moved from garrison

with the devices to start training on 21 July 2013. The units trained with the devices in
place until they were recovered from théiedes in the field on 27 July 2013. Battery

status was recorded for all devices at the time of recovery.

Modeling COTS GPS Data

After recover of each COTS device the data was downloaded using the
proprietary software provided with the devi&astTrackVersion 9.2.0.0 from
LandAirSea Systenisic.). The Pasflrack software downloads the COTS device and
allows the data to be exported in a .txt file. The .txt file contains the date, Coordinated
Universal Time (UTC), and coordinates in WGS 84 for each gomt 1 second basis).
This .txt file can be imported into ESRI ArcGIS for further processing. For this research

the .txt file was processed using CERL tools and python scripting language to provide a
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shapefile output in the same format that CERL aheératesearchers have used with the
VDM and VTS. This processing technique includes the calculation of distance traveled
between points in meters, velocity, and turning radius. Using the CERL designed tools
along with specific ESRI models created for ti@search the data was compiled into a
single format for each eventhe total data set containeder2.2 million individual

GPS points.

SomeGPSpoints in the data set were removed as obvious an@®S data
collection. These included points that@eded 22 meters per second (49.2 mph), which
exceeds the maximum speeds of all vehicles tested except for the HMMWYV and LMTV,
and exceeds the authorized speeds in the training area. This speed was also silected as
is greater than three standard deweizs above the meapeeds recorded during all
training tracked The total number of points removed from the data set using this process
was 2009 points or less than 0.1% of all poiftdreakdown of points removed for each
vehicle tracked can be foumdappendix J.

GIS files containing information about Fort Riléyom Fort Riley ITAM)were
used tdfurther process the data. ITAM data files included installation boundaries, MAs,
roads and tank trails. The roads and tank trails were merged ingiefgdethen
buffered by 30 meters (based on the ITAM roads GIS file accuracy level, and previous
research indicating that a 30 meter buffer provided theadsssssment for off road travel
(Rice 2006) The 30 meter litered file was used to remove the GPS points that were
considered on road travel. The remaining points were considered off road maneuver

training (although some on road points were likely included in the off road points and
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some off road maneuver wouldJye been removed from the data set as on road

~

movement).The t ot al number of #Aoff road trainin

Research Questions

The GIS analyzed GPS data was next analyzed for eight research questions to
determine if there is aatistical difference in seven possible maneuver related metrics
(response variables). The seven metrics tested were:

1. Total distance traveled

2. Total distance traveled off road

3. Average total speed

4. Average off road speed

5. Percent of total training time spenbwing

6. Percent of moving time spent in off road maneuver

7. Percent of off road maneuver conducted with a turning radius of less than
30 m (most damaging)

The eight research questions tested for the above metrics were:

1 Question 1 (Q1): Is there a significariffekrence in the response variables
when comparingpeadquartersplatoons across all battalions?

1 Question2 (Q2): Is there a significant difference in the response variables
when comparingnfantry platoons across all battalions?

1 Question3 (Q3): Is there aignificant difference in the response variables
when comparingrmor platoons across all battalions?

1 Questiord (Q4): Is there a significant difference in the response variables

when comparingavalryplatoons?
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1 Question 5 (Q5): Is there a significant difference in the response variables
when comparing the average ofiallantry platoons in one CAB vs. the
average of alinfantry platoons in the other CAB?

1 Question 6 (Q6)ts there a significant difference in thesponse variables
when comparing the average ofalmor platoons in one CAB vs. the
average of alarmor platoons in the other CAB?

1 Question 7 (Q7): Is there a significant difference in the response variables
when comparingll platoons across all bations?

1 Question 8 (Q8): Is there a significant difference in the response variables
when comparing differentehicle typesregardless of unit?

The hypothesis for each of these questions was that there would be no significant
difference in the metridsased on the tested category. This hypothesis would equate to
all unit/vehicles under the training events tested having behaved in a statistically similar
manner. This hypothesis should hold tfoileeach grouping except those in question 7
and questio if the assumption that unit training follows Army doctrine, and should

realistically be able to be estimated based on doctrine.

Statistical Analyss

The statistical analysis for this chapter was conducted by the Kansas State
University Department of &tistics. A description of the statistical tests used is provided
below based on personal communication with Dr. Leigh Mui28y 3)

ATwo basic statistical analyses were performed. Both analyses had a one
way tredment structure (i.e., a single treatment factor) in a completely

randomized design with subsamplikuehl 2000) For Q8, the treatment factor
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was Vehicle Type. For QQ6, the Treatment factor was Platoon Type. &ach
treatment factor (Vehicle type or Platoon Type) contrasts and pairwise
comparisons were conducted, depending on specific hypotheses of interest.
Experimental Units were the various combinations of Vehicle Types and Platoon
Types. Subsamples wereiindual vehicles being measured within each
combination of Vehicle Types and Platoon Types. The Completely Randomized
Design assumes that individual vehicles are uncorrelated with one another. This
assumption is a limitation of the analyses performed.

Of the seven responses, three were based on percents (%time spent
moving, %time spent moving-offad, and %time offoad with turning radius
less than 30m) and four were based on absolute measurements (total distance,
distance offroad, average total spegdnd average speed gfiad). Initial
analyses for Q8 and for Q@6 were performed assuming normadiigtributed
data, but evaluation of residuals showed that normality was not a good
assumption. Therefore, percent responses weamady/zed using the tee
distribution, a common probability model used for percent data that is not based
on counts (Stroup, 2012). In addition, because the responses based on absolute
measurements tended to have positive skew (i.e., a long "tail"* of observations on
the uppetend of the range of datajhese responses wereaaalyzed using the
Gamma distribution with logjnk function because the Gamma distribution is
appropriate for positive measurements with an upward skew (Stroup, 2012).
Analyses were performed in SASswen 9.3, using the MIXED procedure the

normal distribution, and the GLIMMIX procedure for the beta and gamma
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distributions. For all analyses, the following results were obtained: an overall
Treatment Rest; contrasts and pairwise comparisons as appaiprfor specific
hypotheses; and means and standard errés alpha level of 0.05 was used for
the overall test of Treatment differences and a Bonferadjusted alpha of 0.05
divided by the number of comparisons in each set of hypotheses was used for

contrast and pairwise comparison tests, as appropdgdurray 2013)

Results

A total of 121 vehicles were tracked during maneuver training across the three
battalion sized formations. @&¥ehicles had GPS trackingtdaafter training (one device
was lost during trainingpur vehicles with COTS devices attached never participated in
training instead they weAtaaldf 35MLA2 Abmams hei r u
Tanks,45 M2A3 Infantry Fighting Vehicles, 14 M3A3 Cavalry Fighting Vehicl&sM7

BFIST, 14 HMMWVs, 2 M113A3 Armored Personnel Carriers, and 1LMTV.

Event Summaries

Summaries of each event tracked are provided bdlables5-2 thru 54 below
show values fothetime related attributes associated with each GPS tracked vehicle

broken down by the vehicle ID, vehicle type and platoon.
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Table 5-1 Temporal Valuesof GPS Tracking 1-16 Infantry Battalioné Blatoon Field

Training Exercise

Vehicle Platoon/ VEHICLE Hours of [ Total Days | Percent of Hours
ID Troop/ TYPE Recorded |of Training | Training |moving per
Squadron GPS Points Time time spent day
Recorded moving
(hours)
All 1/A/1-16IN M2A3 6.26 5.88 4.44% 1.07
Al13 1/A/1-16IN M2A3 4.24 4.76 3.71% 0.89
Al4 1/A/1-16IN M2A3 4.87 5.56 3.65% 0.88
A21 2/A/1-16IN M2A3 8.09 5.77 5.84% 1.40
A22 2/A/1-16IN M2A3 7.61 5.66 5.60% 1.34
A23 2/A/1-16IN M2A3 8.12 6.02 5.62% 1.35
A24 2/A/1-16IN M2A3 7.93 5.80 5.69% 1.37
A3l 3/A/1-16IN M2A3 5.89 5.96 4.11% 0.99
A34 3/A/1-16IN M2A3 4.78 6.02 3.31% 0.79
B11 1/B/1-16IN M2A3 6.79 5.32 5.31% 1.27
B12 1/B/1-16IN M2A3 3.10 1.11 11.66% 2.80
B13 1/B8/1-16IN M2A3 8.43 5.94 5.91% 1.42
B14 1/B8/1-16IN M2A3 8.71 5.46 6.64% 1.59
B21 2/B/1-16IN M2A3 7.35 5.74 5.34% 1.28
B22 2/B/1-16IN M2A3 7.96 5.99 5.54% 1.33
B23 2/B/1-16IN M2A3 8.15 5.73 5.92% 1.42
B24 2/B/1-16IN M2A3 6.72 5.97 4.69% 1.13
B31 3/B/1-16IN M2A3 2.19 5.16 1.77% 0.42
B34 3/B/1-16IN M2A3 4.84 2.19 9.20% 2.21
D11 1/D/1-16IN M1A2 6.41 4.05 6.60% 1.58
D12 1/D/1-16IN M1A2 12.00 5.82 8.58% 2.06
D13 1/D/1-16IN M1A2 4.00 2.93 5.68% 1.36
D14 1/D/1-16IN M1A2 4.58 3.11 6.14% 1.47
D21 2/D/1-16IN M1A2 16.25 2.93 23.14% 5.55
D22 2/D/1-16IN M1A2 5.82 4.49 5.41% 1.30
D23 2/D/1-16IN M1A2 4.41 4.34 4.23% 1.02
D24 2/D/1-16IN M1A2 5.54 3.43 6.73% 1.62
D31 3/D/1-16IN M1A2 6.97 3.59 8.09% 1.94
D40 | HQ/D/1-16IN LMTV 5.90 1.47 16.70% 4.01
D65 | HQ/D/1-16IN M1A2 3.72 4.14 3.74% 0.90
D66 | HQ/D/1-16IN M1A2 4.46 3.90 4.77% 1.14
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Table 5-2 Temporal Valuesof GPS Tracking 2-34 Armor Battalion6 Platoon Field

Training Exercise

Vehide| Platoon/ VEHICLE | Hoursof | Total Days | Percentof | Hours
[0} Troop/ TYPE Recorded |of Training | Training |moving per
Squadron GPS Points Time time spent day
Recorded | moving
All 1/A/2-34AR M2A3 7.43 3.76 8.23% 158
AlZ 1/A2-340R M2AZ 5.67 377 5.28% 1.51
Al3 1/A/2-34AR M2AT 6.42 372 T.18% 172
Ald 1/Af2-34AR M2AZ 6.07 3.72 5. 79% 163
A21 2/A/2-34AR M2AZ 6.28 3.55 T.36% 177
A22 2/AS2-34AR M2AZ 6.02 3.55 7.06% 1&9
AZ3 | 2/AJ2-34AR M2A3 4.76 393 5.04% 1.1
A24 2/AS2-34AR M2AT 4.61 3.56 5.39% 1.29
A30 | HOSAS2-34AR | MT BFIST 4,32 4.20 4.29% 103
A3l 3/A/2-34AR M2A3 5.21 4.09 5.30% 1.27
A3Z 3/A02-340R M2AZ 4.45 4.09 4.53% 1.09
A3 3/A/2-34AR M2AZ 31.59 4.09 4.06% oss
A4 3/A2-340R M2AZ 3.79 4.09 3.86% 093
ABS | HOJA/2-34AR M2A3 1.04 4.12 1.67% 05
ABG | HO/A/2-34AR M2AZ 6.10 4.17 6.09% 146
B11 1/8/2-34AR M2AZ 274 3.08 3.69% 0.89
B12 1/8/2-34AR M2AT 285 3.33 3.56% 085
B13 1/8/2-34AR M2A3 253 32 4.53% 100
B14 1/8/2-34AR M2A3 173 Lo7 6.72% 161
B21 2/8/2-34AR M2A3 162 0.42 16.06% 38
B22 2/B/2-34AR M2AZ 7.04 3.76 T.79% 187
B23 2/B/2-340R M2AZ 6.93 4.57 5.32% 152
B24 2/B/2-34AR M2AZ 6.BE 3.76 7600 182
B30 | HO/Bf2-34AR | M7 BFIST 3.28 4.07 3.36% 081
B31 3/B/2-34AR M2AZ 3.62 3.86 3.91% 0%
B32 3/8/2-34AR M2AT 4.11 3.92 4.36% 105
B33 | 3/8/2-34AR M2A3 4,72 3.84 5.11% 123
B34 3/B/2-34AR M2A3 2.56 2.25 4.74% 114
€11 1/C/2-34AR Mi1AZ 5.54 5.23 4.41% 1.06
C13 1/C/2-34AR MI1AZ 4.46 275 B.TT% 163
€14 1/C/2-34AR M1AZ 153 5.09 2.07% 050
21 2/C12-34nR ML1A2 4.79 275 T.2T% 175
22 2/C/2-34AR MI1AZ 374 3.80 4.10% 0.9
C23 2/C/2-34AR MI1A2 4.52 3.08 6.12% 147
C24 2/C/2-34AR MALAZ 3.24 4.02 3.36% 081
C30 | HO/G/2-34AR | M7 BFIST 0.66 3.84 0.71% o7
31 3/C/2-34AR M1A2 5.75 3.45 6.95% L&7
032 | 3/C/2-34AR Mi1AZ 4.14 3.30 5.23% 126
€33 | 3/C/2-34AR M1AZ 4.02 3.50 4,78% 1.15
C34 | 3/C/2-34AR M1AZ 124 5.00 1.03% 0%
Ceb | HQ/C/2-3aAR MI1AZ 4.37 341 5.35% 123
011 1/D/2-34AR MI1AZ 6.80 4.43 6,405 1.54
D12 1/D/2-34AR MI1AZ 532 4.99 4.44% 1La7
D14 1/0/2-34AR M1AZ 371 3.30 4.68% 1.12
D21 2/D/2-34AR MALA2 3.58 3.10 4.83% 116
022 2/D/2-34AR M1A2 3.09 2.96 4.365% L6
023 2/Dy2-34AR M1A2 4,80 3.08 6. 4%% 156
D24 | 2/D/2-34AR M1A2 4.87 4.33 4.69% 1.13
D30 | HO/D/2-33AR | M7 BFIST 5.50 5.05 4.53% 1.09
D31 3/0/2-340R M1AZ 4.96 3.32 B.21% 149
D32 | 3/D/2-34AR M1AZ 5.32 4.9 4.44% 1.07
D33 3/D/2-34AR MI1AZ 4,62 531 3.63% 0.87
D34 3/0/2-34AR MI1AZ 4.47 4.91 3.80% 091
D& HO/Dy 2-34AR | HMMVIWW 3.37 4.59 3.06% 073
D65 | HO/D/2-34AR MI1AZ 3.54 3.14 4, 70% 113
D77 | HOJ/ DY 2-344R M113 3.27 4.51 3.02% an
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Table 5-3 Temporal Valuesof GPS Tracking4-4 Caval ry Ratpondield ond s
Training Exercise
Vehicle Platoon/ VEHICLE Hours of | Total Days | Percent of Hours
ID Troop/ TYPE Recorded |of Training | Training |moving per
Squadron GPS Points Time time spent day
Recorded moving
(hours)

All | 1/A/4-4CAV M3A3 7.52 4.42 7.10% 1.70
Al2 1/A/4-4 CAV M3A3 8.85 3.66 10.07% 2.42
Al4 1/A/4-4CAV | HMMWV 6.92 5.30 5.44% 1.31
Al5 | 1/A/4-4CAV M3A3 10.63 5.34 8.29% 1.99
A21 2/A/4-4 CAV M3A3 8.85 2.70 13.65% 3.28
A22 | 2/A/4-4CAV M3A3 10.11 5.31 7.94% 1.91
A25 | 2/A/4-4CAV M3A3 10.41 4.72 9.19% 2.21
B11 1/B/4-4 CAV M3A3 7.98 4.57 7.26% 1.74
B12 | 1/B/4-4 CAV M3A3 8.33 4.50 7.70% 1.85
B13 | 1/B/4-4CAV | HMMWV 2,17 1.39 6.51% 1.56
Bl14 1/B/4-4 CAV | HMMWV 3.64 2.43 6.25% 1.50
B16 | 1/B/4-4CAV | HMMWV 5.36 3.42 6.53% 1.57
B17 | 1/B/4-4CAV | HMMWV 5.33 3.30 6.72% 1.61
B21 2/B/4-4 CAV M3A3 9.53 5.33 7.44% 1.79
B22 | 2/B/4-4 CAV M3A3 10.06 4.73 8.85% 2,12
B23 | 2/B/4-4CAV | HMMWV 8.51 4.34 8.17% 1.96
B24 2/B/4-4 CAV | HMMWV 5.82 2.62 9.26% 2.22
B25 | 2/B/4-4 CAV M3A3 11.00 5.41 8.46% 2.03
B26 2/B/4-ACAV | HMMWV 6.76 2.59 10.88% 261
B27 2/B/4-4 CAV | HMMWV 513 3.55 6.02% 144
B28 | 2/B/4-4CAV | HMMWV 5.85 2.62 9.30% 2.23
C11 | 1/C/4-4CAV M3A3 4,21 2.57 6.82% 1.64
Cc14 1/C/4-4 CAV | HMMWV 5.53 2.88 8.00% 1.92
C21 | 2/C/4-4CAV M3A3 4.97 2.56 8.07% 1.94
C26 2/C/A-ACAV | HMMWV 5.86 2.40 10.20% 2.45
C66 |HQ/C/4-4CAV M3A3 138 0.06 0.91% N/A
C7 |HQ/C/4-4CAV| HMMWYV 198 0.08 1.30% N/A
C77 |HQ/C/4-4 CAV M113 159 6.33 1.05% 0.25
C95 |HQ/C/4-4CAV| M7 BFIST 2,17 1.39 6.51% 1.56

Tables 55 thru 57 below provide the summawgalues used in statistical analysis

of the GPS data from each of the three training events based on movement.
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Table 5-4 Movement Based Value®f GPS Tracking1-1 6

Training Exercise

I nf Rlatoorr Held s

Vehicle| Platoon/ Total Off Road Averge Average |Percentof | Percent of
ID Troop/ Distance | Distance Total Off Road | GPS Points | Off Road
Squadron (km) (km) Speed Speed Off Road |Points with
(m/sec) (m/s) aTurning
Radius less
than 30 m
All 1/A/1-16IN 131.53 22.51 5.84 3.81 26.25% 52.73%
Al3 1/A/1-16IN 86.61 14.90 5.68 3.10 31.51% 59.16%
Al4 1/A/1-16IN 101.03 14.76 5.76 3.05 27.55% 58.12%
A21 2/A/1-16IN 182.44 12.07 6.27 311 13.33% 59.18%
A22 2/A/1-16IN 176.21 12.83 6.43 3.40 13.78% 58.88%
A23 2/A/1-16IN 185.04 12.15 6.33 3.24 12.84% 60.90%
A24 2/A/1-16IN 172.68 13.90 6.05 2.81 17.35% 64.79%
A3l 3/A/1-16IN 136.49 9.81 6.44 3.88 11.95% 52.29%
A34 3/A/1-16IN 110.03 8.12 6.39 3.48 13.57% 58.96%
B11 1/B/1-16IN 162.89 13.12 6.67 3.13 17.16% 57.68%
B12 1/B/1-16IN 82.76 3.74 7.42 2,52 13.30% 65.50%
B13 1/B/1-16IN 207.08 21.09 6.82 3.76 18.50% 50.65%
B14 1/B/1-16IN 217.92 17.44 6.95 3.25 17.09% 56.29%
B21 2/B/1-16IN 184.22 17.29 6.96 3.05 21.42% 60.54%
B22 2/B/1-16IN 200.48 16.27 7.00 3.40 16.70% 56.81%
B23 2/B/1-16IN 207.84 16.82 7.09 3.56 16.08% 56.21%
B24 2/B/1-16IN 172.35 16.60 7.12 3.62 18.92% 53.24%
B31 3/B/1-16IN 60.66 1.75 7.70 2,73 8.14% 67.08%
B34 3/B/1-16IN 137.34 8.26 7.89 311 15.25% 61.68%
D11 1/D/1-16IN 130.44 13.80 5.66 4.18 14.31% 51.73%
D12 1/D/1-16IN 289.01 13.75 6.70 3.89 8.19% 54.57%
D13 1/D/1-16IN 81.56 11.55 5.67 4.02 19.99% 51.95%
D14 1/D/1-16IN 89.80 11.69 5.45 3.64 19.45% 55.95%
D21 2/D/1-16IN 376.32 21.07 6.44 3.80 9.50% 56.05%
D22 2/D/1-16IN 111.29 8.60 5.31 3.85 10.65% 55.31%
D23 2/D/1-16IN 99.27 6.67 6.25 3.35 12.55% 61.16%
D24 2/D/1-16IN 113.82 9.71 5.71 3.63 13.43% 58.59%
D31 3/D/1-16IN 174.50 8.36 6.97 3.44 9.71% 60.12%
D40 | HQ/D/1-16IN 166.86 3.74 7.86 3.39 5.20% 55.67%
D65 | HQ/D/1-16IN 77.83 6.50 5.82 3.63 13.40% 55.61%
D66 | HQ/D/1-16IN 82.70 10.62 5.54 4.09 17.36% 54.90%
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Table 5-5 Movement Basedvaluesof GPS Tracking 2-34 Armor Battalion6 s

Field Training Exercise

Vehicle| Platoon/ Total Off Road | Averge Average |Percentof | Percent of
1D Troop,/ Distance | Distance Total Off Road | GPS Points | Off Road

Suadron (km) (krn) Speed Speed Off Road |Points with

(m/fsec) {ms) aTurning

Radius less

than 30 m
All 1/A/2-34AR 131.48 15.45 492 2.70 21.37% 61.18%
Al2 1/A/2-34AR 103.72 1.0 5.08 3.32 16.26% 57.95%
Al3 1/A/2-34AR 113.11 12.26 4.90 2.87 18.52% 59.32%
Ald 1/A/2-34AR 108.09 10.51 4.95 2.91 16.56% 58.74%
A2l 2/A/2-34AR 126.54 23.24 5.60 2.99 34.43% 59.01%
A22 2/A/2-34AR 122.30 29.03 5.65 3.36 39.94% 53.82%
A23 2/A/2-34AR 96.23 20.16 5.62 3.33 35.40% 53.27%
A24 2/A/2-34AR 91.91 17.49 5.54 3.12 33.81% 60.14%
A30 |HQ/A/2-34AR 90.58 4.32 5.83 2.85 9.42% 62.02%
A3l 3/A/2-34AR 101.78 13.00 5.44 3.17 21.92% 62.72%
A32 3/A/2-34AR 8278 11.29 5.17 2.83 24.92% 65.21%
A33 3/A/2-34AR 76.88 8.25 5.35 2.94 19.52% 64,308
A4 3/A/2-34AR 73.87 7.45 5.42 3.23 16.91% 559.55%
ABS |HOQ/A/2-34AR 30.39 1.04 82.14 3.26 8.52% 64,47
ABE | HO/A/2-34AR 120.81 10.62 5.50 3.53 13.69% 57.07%%
B11 1/B/2-34AR 57.87 5.73 5.87 2.56 22.67% 66.74%
B12 1/B/2-34AR 7187 2.41 7.01 3.72 22.09% 52.78%
B13 1/B/2-34AR 5137 5.51 5.65 2.54 23.86% 65.27%%
B14 1/B/2-34AR 43.14 3.02 6.94 2.96 16.39% 57.41%
B21 2/B/2-34AR 36.30 2.63 6.22 3.26 13.82% 53.90%
B22 2/B/2-34AR 133.61 7.80 5.28 3.50 8.92% 51.04%
B23 2/B/2-34AR 127.72 8.05 512 3.36 9.60% 53.765%
B24 2/B/2-34AR 125.18 7.19 5.07 3.32 8.77% 55.15%
B30 | HQ/B/2-34AR 7187 2.22 6.08 2.25 8.37% 66.16%
B31 3/B/2-34AR 74.87 6.83 5.74 2.61 20.10% 63.98%
B32 3/B/2-34AR 93.40 8.96 6.31 3.01 20.11% 59.35%
B33 3/B/2-34AR 109.32 9.62 6.44 3.13 18.10% 58.37%
B34 3/B/2-34AR 67.27 2.73 7.31 3.80 7.63% 44.16%
C11 1/C/2-34AR 96.82 13.86 4.87 3.10 22.49% 68.05%
C13 1/C/2-34AR 79.78 11.60 497 3.14 22.99% 64.81%
C14 1/C/2-34AR 46.64 3.46 513 2.73 13.95% 72.91%
C21 2/C/2-34AR 26.03 9.16 4.99 3.89 13.64% 56.29%
C22 2/C/2-34AR 8597 14.87 6.37 5.41 20.39% 40.71%
C23 2/C/2-34AR 79.40 11.00 488 3.37 20.02% 59.77%%
C24 2/C/2-34AR 70.81 13.01 6.08 4.65 24.02% 45.108¢
C30 | HG/C/2-34AR 12.08 1.28 5.31 3.41 16.53% 62.508
C31 3/C/2-34AR 94.02 9.78 454 3.03 15.58% 63.21%
C32 3/C/2-34AR 73.18 7.91 492 3.48 15.25% 58.04%
£33 3/C/2-34AR 73.00 4.96 5.05 3.17 10.80%: 64.28%
C34 3/C/2-34AR 30.49 0.87 6.85 2.54 7.70% 69.39%
Ch6 | HO/C/2-34AR 76.68 2.74 4.87 2.71 6.44% 64,665
D11 1/D/2-34AR 124.02 21.50 5.06 3.19 27.57% 61.66%
D12 1/D/2-34AR 104.91 18.42 548 3.38 28.47% 56.08%
D14 1/D/2-34AR 69.00 15.38 518 3.44 33.53% 54.03%
D21 2/D/2-34AR 82.80 3.09 6.43 3.73 6.44% 55.85%
D22 2/D/2-34AR 6616 0.78 5.95 2.75 2.56% 68.77%%
D23 2/D/2-34AR 110.17 1.35 6.38 2.24 3.49% 68.33%
D24 2/D/2-34AR 108.71 1.94 6.20 2.29 4.81% 72.04%
D30 |HGO/D/2-34AR 116.24 13.56 5.87 411 16.66% 48.01%:
D31 3/D/2-34AR 95.01 13.37 5.33 3.11 24.08% 62.34%
D32 3/D/2-34AR 104.91 18.42 548 3.38 28.47% 56.08%
D33 3/D/2-34AR 96.50 15.38 5.20 3.78 24.46% 55.94%
D34 3/D/2-34AR 93.03 13.74 5.20 3.61 23.71% 58.09%
D& HO/D/2-34AR 108.52 9.62 8.95 3.12 25.46% 57.42%
DB5 | HO/D/2-34AR 69.13 14.07 5.42 3.64 30.34% 55.83%
D77 |HQO/D/2-34AR 75.17 3.74 6.39 1.87 17.01% 63.879%
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Table 5-6 Movement Basedvaluesof GPS Tracking4-4 Cavalry Squadrono
Platoon Field Training Exercise

Vehicle| Platoon/ Total Off Road Averge Average |Percent of | Percent of
D Troop/ Distance | Distance Total Off Road | GPS Points | Off Road

Squadron (km) (km) Speed Speed Off Road |Points with

(m/sec) (m/s) aTurning

Radius less

than 30m
All 1/A/4-4 CAV 160.51 16.92 5.93 2.39 26.21% 64.89%
Al2 1/A/4-4 CAV 234.65 16.24 7.37 2.61 19.53% 64.67%
Al4 1/A/4-4 CAV 207.40 1441 8.32 2.88 20.08% 64.76%
Al5 1/A/4-4 CAV 250.75 32.69 6.55 2.92 29.23% 63.39%
A2l 2/A/4-4 CAV 234.65 16.35 7.37 2.63 19.54% 64.64%
A22 2/A/4-4 CAV 230.63 28.42 6.34 2.59 30.11% 64.39%
A25 2/A/4-4 CAV 234.76 30.22 6.27 2.57 31.35% 63.88%
B11 1/B/4-4 CAV 208.27 7.27 7.26 2.38 10.65% 70.65%
B12 1/B/4-4 CAV 215.41 11.22 7.19 2.56 14.66% 68.14%
B13 1/B/4-4 CAV 67.99 1.63 8.69 2.95 7.06% 65.04%
B14 1/B/4-4 CAV 81.98 2.23 6.27 1.87 9.12% 73.60%
B16 1/B/4-4 CAV 130.71 5.35 6.78 2.09 13.27% 75.44%
B17 1/B/4-4 CAV 117.93 6.13 6.15 1.88 17.04% 73.86%
B21 2/B/4-4 CAV 221.21 19.02 6.45 2.50 22.20% 65.58%
B22 2/B/4-4 CAV 215.28 23.46 5.95 2.38 27.26% 69.67%
B23 2/B/4-4 CAV 194.92 15.91 6.37 2.27 22.84% 70.63%
B24 2/B/4-4 CAV 130.77 11.62 6.24 2.08 26.66% 74.23%
B25 2/B/4-4 CAV 234.58 19.52 5.93 2.18 22.68% 70.74%
B26 2/B/4-4 CAV 129.70 22.59 5.33 2.36 39.29% 69.67%
B27 2/B/4-4 CAV 132.85 9.65 7.24 2.83 18.61% 66.04%
B28 2/B/4-4 CAV 131.52 15.38 6.25 2.43 30.13% 70.28%
C11 1/C/4-4 CAV 110.08 5.35 7.26 2.38 14.87% 70.97%
C14 1/C/4-4 CAV 131.31 12.87 6.59 2.63 24.53% 66.65%
C21 2/C/4-4 CAV 121.42 8.41 6.79 2.51 18.75% 70.90%
C26 2/C/4-4 CAV 138.99 8.44 6.59 2.37 16.87% 66.73%
C66 |HQ/C/4-4 CAV 41.24 1.73 8.29 2.52 13.86% 78.66%
C7 HQ/C/4-4 CAV 52.99 3.22 7.76 2.25 20.96% 77.30%
C77 |HQ/C/4-4 CAV 4294 3.46 7.49 2.30 26.28% 69.01%
C95 |HQ/C/4-4 CAV 67.99 1.63 8.69 2.95 7.06% 65.04%

Case Study Research Question Statistical Analysis Summary
Using the data in the abowvables (52-thru 57) the SAS based statistical testing

was conducted. The platoon type tests-(@¥) averaged the values of the data provided
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above for all vehicles within each platoon. Q8 averaged the values of the above data for
all like vehicle typesegardless of unit type (the LMTV and M113A3s were dropped
from this test du¢o limited sampling numbers).

Table 5-7 Summarized Results of Case Study Statistical Analysis

Total Distance Average Average Off |% of Training |% of Training |% of Off

Distance Traveled Off-|Total Speed® |Road Speed® [Time Moving |Time Spent  |Road Time

Traveled* Road*® Moving Off |with Turning
Road Radius <30m

Question 1Headquarters Platoon Comparison

p-value<0.05 0.006 0.027 0.001
p-value<0.10 0.070 0.095

Not Significant 0.134 0.109

Distribution No No No No QK Ok Ok

Question 1a Headquarters Unit Type Comparison (HQ Cavalry Company vs HQ AR Company)
p-value<0.05 0.024
p-value<0.10

Mot Significant 0.266
Distribution No
Question 1b Headquarters Unit Type Comparison (HQ Infanrty Company vs HQ AR Company)
alue<0.05
lue<0.10
Not Significant 0.654 0.885 0.602 0.904 0.737 0.360 0.391
Distribution No No No Ok Ok Ok Ok

Question 2 Infantry Platoon Comparison

p-value<0.05

p-value<0.10
Not Significant 0.618
Distribution No

0.278 0.574 0.1638
No ok Ok
Question 3 Armor Platoon Comparison

p-value<0.05
p-value<0.10
Not Significant
Distribution No

p-value<0.05
p-value<0.10

Not Significant 0.777 0.407 0.578
Distribution No 0k Ok
Question 5 Infantry Battalion Comparison

p-value<0.05
p-value<0.10
Mot Significant
Distribution No

0.231 0.355 0.218 0.768
Ok Ok Ok Ok

p-value<0.05 0.038

p-value<0.10
Mot Significant 0.143 0.103
Distribution No Ok Ok

p-value<0.05
p-value<0.10
Not Significant 0.211
Distribution No

p-value<0.05 <0.0001
p-value<0.10
Not Significant
Distribution




Case Study Research Question 1

There was only a marginally significant difference between the average total
distances traveled by headquarters platoonalpe 0.070). The distance traveled per
headquarters platoon averaged 78.24 km, with a maximum &m@hd a minimum of
51 km. Both the highest and lowest headquarters platoon averages of total distance
traveled were the headquarters platoorambredcompanies indicating the wide range
of variation that can be seen within the same type of platoon even under the same type of
training event. There was a significant difference in the distance traveled off road
between headquarters platoons/gue 0.006). When the same analysis was conducted
comparing infantry company headquarters platoon distance traveled off road to armor
company headquarters platoons there wasa significant difference.

Thepairwise comparisoralso indicatehere is not a significant difference in the
platoon average of off road movement between HQB2/RR, HQ/C/44CAV or
HQ/A/2-34AR, nor was there a sigicant difference between HQ/A24AR, HQ/D/%
16IN, or HQ/D/234AR but there is a significant difference between average distance
traveled by HQ/C/B4AR, HQ/C/44CAV,HQ/A/2-34AR and the average distance
traveled by HQ/D/116IN and HQ/D/234AR. Thisagan helps to demonstrate that while
there are similarities in platoon movements, there is a huge amount of variation within

even the same type of unit conducting the same training event under the same conditions.

101



Figure 5-16 Headquarters Platoon Average Distance Traveled Off Road
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The average speed of headquarters platoons was statistically different (p
value=0.027). There were significant difference with HQ/GZAV andHQ/A/2-34AR
(p-value=0.0497), HQ/CF34AR (p-value=0.0017), HQ/DEB4AR (pvalue=0.0499).
When comparing the averagpeedf headquarterglatoonsn cavalry companies to the
headquarterplatoonsin armor companies there is a significant difference (p
value=0.005). No significant differeaavas found when comparing infantry company
headquarters to armor company headquarters.

There was no overall significant difference in average off road speed of

headquarters platoons, but there were significant difference when comparing cavalry

companyheadquarters to armor company headquarteval(pe=0.024). Again, there
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was no difference found between headquarters of infantry companies vs. headquarters of
armor companies.

The statistical analysis of the averaged values within the headquartecplat
indicated that there was no significant difference between headquarters platoons for the
metric of percent of training time spent moving. While there was a marginal difference
between overall headquarters platoons based on percent of trainingemen®ving
off road (pvalue=0.095), there was a significant difference with HQ/B¥AR having
spent significantly more time moving off road than HQAREIN (p-value=0.0372) or
HQ/A/2-34AR (pvalue=0.0320).

There was a significant difference within the headquarters platoon averages for
the percent of time off road with a turning radius less than 30vwal(®=0.001). Again,
there was a significant difference-{plue=0.000) when comparing cavalry company
headjuarters to armor company headquarters, but not a significance when comparing
infantry company headquarters to armor company headquarters.

The higher amount of variation found between the cavalry company headquarters
when compared to the armor compangduoarters than found when comparing the
infantry company headquarters to the armor company headquarters for average total
speed, average off road speed, and the percent of off road time with sharp turning radius
may be explained by the fact that the infgrand armor company headquarters are
collocated under the same battalion headquarters, operating under a more similar training
plan than that of the cavalry headquarters platoon operating under only the cavalry

battalion headquarters, or it could be tlméhe actual differences in the unit types.

Case Study Research Questi@gn
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There were no significant overall differences between infantry platoons at the p
level of 0.05. However there are two metrics when comparing averages across all
infantry platoonghat have a marginal significance; distance traveled off roadl(je
0.097), and percent of training time spent moving off roada{pe 0.054).

Figure 5-17 Average Distance Traveled Off Road by InfantryPlatoons (km)
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While therewasonly a marginally significant difference in the percent of time
spent moving off road by infantry platoons, themrestatistically significant groups in
pairwise comparisons for example, 2/A32 AR wasstatistically significantly different

from 6 of the other 11 infantry platoons.

Case Study Research Questi8n
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There was no statistical difference between armor platoon agd@agetal
distance travelediverage total speaut percent of time spentawing. Theaverage off
road distance tracked for armor platoons was significantly differeval(e=0.008).
The average off road distance traveled by armor platoons was 36.6km, but the high was
nearly 61km, and the low was nearly 7kfigure 523 provides a side by side
comparison of the average off road distance for each of the armor platoons.

Figure 5-18 Average Off Road Distance Traveled for Armor Platoons (km)
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The average off road speed of armatpbns was significantly different from one
another (p=0.008)The percent of time off road with a turning radius of less than 30m

was also significantly different between armor platoorgalpe=0.004).
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Figure 5-19 Armored Platoon Average Percent of Off Road Time with a Turning

Radius <30m
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There is a significant difference in the percent of time armored platoons spent
moving off road (pvalue=0.010). Within pairwise comparisons, significant differences
could be found between the three armor platoons of D comp@8dpR. Two of the
platoons from this company had statistically higher average percent of time spent moving
off road than many of the other armor platoons, whereas one of the platoons from this
company was statistically lower. This demonstrates the high variability that can be seen
even within the same companligure 525 below shows the differences in off road

movement by armored platoon.

106



Figure 5-20 Armored Platoon Percent of Moving Time Spent Off Road
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Case Study Research Questidn

All of the cavalry platoons within this research were within one sgmad
conducting training at the same time. Statistical analysis found no overall significant
difference between cavalry platoons for the peroétaining time spent movingotal
distance traveledverage total speed, average speed off road, anéttenp of off road
time with Turning radius less than 30m

A marginally significant (pvalue 0.065) difference was éetedin the percent of
time spent moving off road between cavalry platoons with &AV being
significantly lower than the highest g® platoons (walues of 0.024 (1/AMICAV)),

0.014 (2/A/44CAV), 0.007 (2/B/44CAV)).

The distance traveled off road varied significantly between cavalry platoons (p

value=0.016). 1/BMICAV has a significantly lower off road distance than 1/ACGAV

(p=0.005), 2/A/44CAV (p=0.003), and 2/BMCAV (p=0.003).
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Figure 5-21Cavalry Platoon Average Distance Traveled Off Road (km)
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Case Study Research Questibn
Question 5 conducted pairwise comparisonsdkiataged the values of all

infantry platoons within the-34 Armor, and compared them to the average values of all

of the infantry platoons within-16 Infantry. Under these comparison conditions, there

was not a significant difference in the percehtraining time spent movingercenof

training time spent moving off roatbtaldistance traveled, distance traveled off road,

average speed off road, or percent of off road time with Turning radius less than 30m.
The total distance traveled by infanphatoons averaged #te battalion level

demonstrated a marginal statistical differencedjue=0.075).
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Figure 5-22 Comparison of Infantry Platoons in 1-16 IN to Infantry Platoons in 2-34
AR: Total Distance Traveled (km)
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When comparing the average of all infantry platoons-d6IN to the average of
all infantry platoons of :B4AR, there was a significant difference in the average total
speed (pvalue=0.024). While the total speedet16 | N O s platodnsawag higlyer
than their counter parts iInR4AR on average, the off road speed of infantry platoons

between battalions was not significantly different.
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Figure 5-23 Comparison of Infantry Platoonsin 1-16 IN to Infantry Platoons in 2-34
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Case Study Research Questién

Question 6 conducted pairwise comparisons that averaged the values of all armor
platoons within the B84AR, and compared them to the average valued of &le armor
platoons within 116IN. Under these comparison conditions, there was not a significant
difference in the percent of training time spent moving off road, distance traveled off
road, average total speent percent of off road time witturning radius less than 30m

Average off road speed was marginally statistically significavia{pe=0.079),
with armor platoons with-16IN recording and off road average speed of 3.76m/s, and
armor platoons in-34AR recording and average off road spek8.84. Even though
the battalion average was less, the single armor platoon with the highest average off road
speed was within-34AR.

The percent of training time spent moving was statistically different when
comparing armor platoons betweefd@IN andarmor platoons in-34AR (p

value=0.009) with 4116IN spending a larger portion of the training time moving.
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Figure 5-24 Comparison of Armor Platoons in :16IN to Armor Platoons in 2-

34AR: Percent of Training Time Spent Moving
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There was a significant difference between armor platoond 61N and armor
platoons in 234AR in the total distance movedyplue 0.038). The average total
distance traveled that was recorded for armor platoons with&1N ard 2-34AR was

163km and 85km respectively.

Figure 5-25Comparison of Armor Platoons in 216IN to Armor Platoons in 2-34AR:
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Case Study Research Questi@n

Question 7 compares tlwerage values of all platoon types across all battalions
regardless of type or unit. The total distance traveled by all 32 platoons was not found to
be signifcantly different nor was the average total spéigure 531).

Figure 5-26 Average Total Distance Moved (km) all Platoons
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The percent of training time spent moving by all platoons is only marginally
significantly different (pvalue=0.063).

When all 32 platoon movements were compared, there gigsificant
difference between platoons for the percent of training time off road with a sharp turning
radius (pvalue=0.019), the average distance traveled off roal{e=0.003¥igure 5
32, the average off road speed@lue=0.0024jgure 533, and the percent of training

time off road with a sharp turning radius\{plue=0.001).
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The final question, Q8, compared the average distance moved of vehicles by type.
113

M113A3s were removed due to small samples sizes. Comparison by vehicle type showed

Case Study Research QuestiBn

Figure 5-27 Average Off Road Distance Traveled (km) for All Platoons

A total of 113 out of 116 total vehicles were used in the comparisons. The LMITV a



no significant differences between vehiglpes only for the factasf percent of traimg
times spent moving off road.

There was a marginally significant differencstween all types of vehicles for the
factor of percent of training time spent moving. The comparisons showedLth2, W7
BFIST, M2A3, HMMWYV areall different than the M3A3 based on a marginally
significant p=value of 0.083.

Total distance traveledas dfferent between vehicle types with avplue of
0.013.The average distanteaveled by M7 B FIST vehicles wagynificantly lesgshan
thetotal distancef any other vehicle type tested except the M1A2. There was not a
significant difference in the totdistance traveled between M1A2s, M2A3s and
HMMWVs. The M3AS total distance traveled was significantly greater than all other
vehicles (pvalue=0.0186).Six of 113 vehicles were statistically significant outliers, with
two M1A2 tanks (D21 and D1216IN) and one M2A3 Bradley (A66-34AR) having
much higher residuals, and two M2A3 Bradleys (B2342AR, and A65 234AR) and
one M1A2 (C34 2Z4AR) having much lower residuals.

The higher than expected average total distance traveled by could be explained by
vehicles that traveled extra distances due to drivers training exercises that were being
conducted, or use in other training exercises separate from the platoon FTX. The lower
than expected residuals could be from vehicles that had crew members injured/sick
with other issues resulting in not complete crews for vehicle operation for a period of
training, or from vehicles that broke during training and spent large amounts of time

parked for repairs.
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Figure 5-29 Comparison of Vehicle Types: Average Total Distance Traveled (km)
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With a pvalue of 0.046 there was a significant difference between distance
traveled off road by type of vehiclégain there were outliers with A6624AR and
D21 1-16IN showingsignificantly higher residuals, and C3B2AR and A65 234AR
showing significantly lower residuals.

There were statistically significant differendestween vehicle typeds the
average total speed (p=0.00Ihe M1A2 average total speed was sigaifitty less than
that of the M2A3, M3A3, and HMMWYV (jvalues 0.0442, 0.0009, and 0.0001
respectively).Three vehicles were significant outliers with higher than expected average
speeds for their vehicle types (C34 2.34AR, BABCAV, and A65 234AR).

Average speed off roadas significantly different between all vehicle types (p
value<0.0001). There wae statistical difference between M3A3s (2.96m/s) and
HMMWYV (2.97m/s), which both averaged slower off road speeds tih@M2A3s
(3.20m/s) and M7 BFIST&.23m/s), which had significantly slower average off road

speed than M1A2s (3.26m/s)
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Figure 5-30 Comparison of Vehicles Across All Unit Types: Average Off Road

Speed (m/s)
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The percent of off road timeith turning radius less than 30was statistically

different p-value <0.000L There was o significant difference between M1A2s,

M2A3s, and M7 BFISTs, but those three types had significantly less percent of time off

road with tight turning radius than3A3s or HMMWVs.

Figure 5-31 Comparison of Vehicles Across All Unit Types: Percent of Off Road

Time with a Turning Radius <30m

72.00%
70.00%
68.00%
66.00%
64.00%
62.00%
60.00%
58.00%
56.00%
54.00%
52.00%

HMMWY M3A3 M7 BFIST

116



A more in depth summary of the pairwise comparisons caaurelfin
appendice® thru H showing which comparisons within each overall groups in each
research question had significant differences. Appendix | (presented as an attachment)

provides the analysis data from each pairwise comparison.

Discussion

This case study of GPS tkad vehicles attempts to compare the movements of
military vehicles and units based on GPS tracking of training events using COTS GPS
devices. There were some limitations of the devices during the tracking that may have
limited the ability oftheresuls o f ul | y expl ain the unitads
vehicles within each unit were tracked. GPS trackingr4iCAV, 1-16IN and 234AR
maneuver company vehiclesveredapproximately 44%, 41%, and 74% of the total
number of maneuver vehicles within bamit respectively. Second, the batteries died in
many of the COTS GPS devices during trainie8% of all COTS devices had dead
batteries at the time of device recovery indicating that some training was likely conducted
after the batteries had died. hilé most of the devices that had batteries that died during
training recorded greater than 80% of the total training time, the loss of power may still
have affected the reliability of the results.

This research tracked two combined arms battalionsneidinly identical
personnel, equipment and mission design, and one cavalry squadron that should have
been conducting a similar mission set. All three units were given the same general
guidance from their higher headquarters and were to conduct a platsdollewed by
live fire gunneryon the same military installation under similar environmental

conditions Overall there should be an expectation that the units tracked in this research
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should be significantly more similar in movement patterns than tivemment patterns of
other units and training types or even the same units at other installations.

The results of pairwise comparisons of platoons, vehicles and battalions provided
no clear evidence that these units were very similar. While there weerows
treatments that were found to be not significantly different under some comparisons,
there were no treatments that were not significantly different for all treatm@&his.one
scenario tested that found no difference between treatments wasttiatrdéntry
company headquarters vs. armor company headquarters. Under this limited data set
these two types of platoons could be assuméaveconducted very similar maneuvers,
and therefore have had very similar disturbance patté&nesther treatment that showed
little difference was that of infantry platoons with only off road movement and time off
road showing marginally significant differences.

Most tested treatments showed statistically significant differences in one or more
of the response variables. 34% of all response variables sisoynéicant differences
over the eight questions (including two sgitestions within the headquarters platoons).
The treatment that showed the most significant differencedestwomparisons waQ8
which compared the average values of each vehicle type. This would be expected as
vehicles are designed with particular parameters for the purpose of meeting specific
mission needs. Their operations would be expected to differ significantly even thi
same unit and training event.

The response variable that would likely have the most direct impact on the
disturbance associated with a training event would be off road distance traveled. This

response variable was significantly different in cammngon tests between all platoons,
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headquarters platoons, armor platoons, cavalry platoons and vehicle types. This would
seem to indicate that much care would be needed when assigning average off road
distance values to training events for future estimatach is commonly done by
researchers and land managers

This researclunder a nearly best case real wat@nariojndicates that the
variation between units and within the same unit is very wide on the factors tested.
Further research would be smomended using the same tested factors on like units under
similar tests at other military installations. The results of this study would indicate that it
would be likely that units conducting similar training at other installations, under
different envionmental conditions, different command structures, and different FTX

plans would exhibit more variation than observed in this research.
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Chapter6-Devel opment of a GI S Bas

Maneuver Training Intensity

Introduction

Military training maneuvers can have detrimeatad lastingmpacts on the
landscap€Althoff et al. 2007; Althoff et al. 2010; Anderson et al. 2005a; Anderson et al.
2005b; Goran et al. 1983; Milchunas et al. 1999; Prosser et al.. 2000)der to better
understand where military training maneuvers are occurring and how they are impacting
the landscapanilitary land managers and researchers must have knowledge of when and
where training maneuvers are occurring. Current methods of understanding the spatial
distribution of military maneuver are limited at best, and can be deceptive at worst.
These metbds consist of two main types, physical land studies conducted by researchers
and land managers, addta basedystems that rely on the military input data which is
in turn used taleterminethe spatial distribution of training

The firstmethod of @étermining training related disturbance on the environment
physical land studies, involves repeated monitoring and inventory of the environmental
conditions on the same plot or transects year after year. These studies tagetno
record of what typesf vehicles, how many vehicles, or date and time of impact, rather
they must rely on evidence gathered on site (or from other systems) to relate
environmental change to military impact.

The other means of comparing training maneuver to the environngentaiions
utilizesmilitary input of training data In the Army the standard system of recording
training use is th®ange Facility Management Support System (RFMSS). This data set

can be used separately or jointly with physical inventory data to esttheatraining
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intensity of an area. This method has significant limitations in its ability to determine the
actual spatial distributn of military maneuver impacts as the finest resolution level in
this system is the Maneuver Area (MA), which can vemyn several to tens of

kilometers.

In order to provide a bettenderstandinghe spatial distribution of military
maneuvers, GPS devices have been used to track military maneuver {faygrget al.
2000a; Haugen 2002; Haugen et al. 2003b; Koch et al. 2012; Li et al. 2007a; Rice 2006;
Wu et al. 2007; Wu et al. 2008 hese GPS data sets are leditn availability, with
data only existing for several training events on several installations. The costs and usage
of the VDM and VTS systems to collect data on a large scale may be prohikibge
analysis plans for the Armyse of GPS data to assemaneuver disturbanaees wrrenty
limited tocollection prograrausing these devices to trackhicles forseveral event@up
to 10 events with 20 vehicles) atiastallation per yeafKoch et al., 2012 This data
could therbe fed back intcATTACC or other systems to provide more accurate
estimates of military maneuveObjective 2 of this research indicates that tracking a
small number of events and applying the generated results across larger data sets should
be done with extreme care.

The COTSdevice tested in this research (the LandAirSea Tracking Key 1505) or
similar low cost civilian devices may be able to make tracking of large quantities of
maneuver training not only less expensive than the VDM/VTS, they may be less
expensive for the militg than current manpower intensive methods of locating
maneuver damagesing personnel to drive around the maneuver areas and visually

identify areas needing repailhe costs and ease of installation and data recovery of the

121



COTS device may allow for ndg complete collection of maneuver traigion an
installation. @mplete maneuver data collection could provide military land managers
and researchers with enough data to accurately estimate disturbance across an entire
installation and also determindatvely fine spatial differences in disturbance. It may
be possible to use this COTS GPS data, along with data collected from other GPS devices
to map the maneuver of military vehicles thereby creating an intensity map of
disturbance.
This chapter disagsses a method of usi@PTSGPS data to map training
intensity on an installation wide scale, compares the RFMSS training da&GBS
collected data at the installation wide scale, and then conducts a small area case study on
oneMA utilized by unitsduring GPS tracking to demonstrate the spatial variation in
training that is unable toebinterpreted though RFMSS ddat can be determine thought

the use of GPS tracking.

Existing Methods

Range and Training Land Assessment (RTLA) Program

RTLA is a monitoring and inventorying program designed to provide information
to help guide decision making under the AT
RTLA mission is to Ainform the process of
capabiliy and sustainability of |l and t duSneet th
Army Environmental Center 1999)The RTLA program varies by installation, but has
historically conducted plot and treect studies at numerous installations. These plot and

transect studies collect data on various conditions which can be impacted by military
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training. These studies along with some knowledge of training between data collection

periods can provide inditians of training intensity for an area.

RangeFacility Management Support System (RFMSS)
RFMSS is a web based military system that allows military units and military

training area range personnel the ability to manage training area usage. It iscdEsigne
help reduce scheduling conflicts, and allows area managers to prioritize land and airspace
usage. The systems is designed to allow military units to request training areas, ranges

and airspace, then allows the land mangers on each installatiomslithe¢amapprove

and schedule the area. The system provides a database for each installation this is able to

be queried for various properties. RFMSS is used by all active Army, National Guard

and Marine military installations. It was implemented Amnwigle in the late 1990s, with

Fort Rileyds RFMSS completely operationa
The use of RFMSS is a process. First the military unit decides the training it

needs to conduct. Based on the type of training, the unit will determine what ranges or

Maneuwer Areas (MAs) will be needed to conduct the training. The military unit will

inform the range scheduler in the unit of the desired training type, requirements, and

dates of training. The unitds schedul er

space is available. I f available, the wu

the online RFMSS system. The land managers at the installation will accept or reject the

request based on the availability of the land. If the request dedjthe unit will

reschedule the training for other dates or other training areas. Once the land is scheduled,

no changes are made until the unit conducts training. When the unit conducts training the

installations land managers will input more dataidtoe training in the RFMSS system
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for record. This data will include when/if the unit used the requested traireagnd

the number of personnel the unit reports being trained on the training area for the day.
The RFMSS system can later be querigdufats using each range or training area for a
given time period, the number of personnel trained, and vehicles used on the training
area.

Problems related to data inaccuracy or data interpretation can arise from the
RFMSS system in several ways. Fitsijts input data on the training type, vehicles and
personnel when they are scheduling the range. This initial scheduling is done months in
advance of the training in order to secure the range. Units will often not have a complete
plan of who, what vebles, or exactly how the training will be conducted at the time of
scheduling, as those details are revised as training nears. While RFMSS has vehicle and
personnel numbers in the system, they sh
will often input all vehicles the unit owns, and a number of total personnel on hand,
however numbers will likely be different when training. Other units may join with the
scheduled unit to conduct the same training, so there may be more personnel and vehicles
than sheduled, or other missions may conflict with the training and a significantly
smaller element may conduct the training than was originally planned. Military units use
RFMSS as a scheduling tool, and once the training area is scheduled they are onlikely t
ensure validity of data as conditions change unless they need to adjust training areas due
to the changes. The best updates to the data come from the training area personnel who
update the system while the unit is conducting training. These personmalkeg some
updates (mostlyo thetime the unit occupied the range, and the number of personnel

reportedly trained).
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Army Training and Testing Area Carrying Capacity (ATTACC)
ATTACC was designed in and implemented in the late 1990s to provideta tool

ITAM for estimating the ability of the land to support training. The US Army
Environmental Center defined it as:
Afa met hodol ogy and integration de
estimating the operations and support costs of using land at Army
installations for training purposes. The ATTACC methodology includes
specific processes and algorithms to predict land rehabilitation and
maintenance (LRAM) requirements based on training load and

environment gUSAmny BndirortmerahCentes, 1999)

ATTACC was designed to use inputs from RFMSS and Land Condition Trend
Analysis databases to estimate the amount of training on an installation and the
associated damage from the training load. The estimation of training load is derived from
the RFMSS data salong with Army doctrine. The training load from the ATTACC
program is defined by military impact miles (MIMs) whiptovidea value equal to the
impact on soil erosion created by one M1A2 Abrams tank traveling a single pass for one
mile during an Armobattalion Field Training Exercise (US Army Environmental Center,
1999). RFMSS provides the unit type, unit training type, vehicle counts (type and
guantity) and number of days of training. Army doctrine provides estimates of the
number of miles travelebly each vehicle type based on the unit type and unit training
type. ATTACC uses the estimated training load and local conditions to apply a set of

Training Impact Factors (TIFs) to estimate the total load from a specific training event.
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The TIFs includehe Vehicle Severity Factor (VSF), Vehicle Off Road Factor (VOF),
Vehicle Conversion Factor (VCF), Event Severity Factor (ESF), and Local Condition
Factor (LCF) (US Army Environmental Center 1999). VSF is a multiplier that compares
the relative impact ohie subject vehicle to the impact of an M1A2 Abrams. VOF is a
multiplier that represents the proton of vehicle mileage typically operated off road
compared to an M1A2 Abrams. VCF is a multiplier that represents the width of area
impacted by a vehicle coraped to an M1A2 Abrams. ESF is a multiplier that converts
the standard training event (Armor battalion FTX) into the training event being
compared. Lastly, the LCF is a multiplier that estimates the relative susceptibility of land
on a given day compareéd average conditions. All of these factors are relative to the
M1A2 Abrams tank with the value of the M1A2 Abrams conducting an Armor battalion
FTX on an average day (not wet or dry) given the value of 1.0. Any of the multipliers
would be over 1.0 if thy exceeded the impact of an M1A2 Abrams average for the same

factor. (US Army Environmental Center, 1999).

GPS Vehicle Tracking
Researchers studying the impacts of military vehicles on training lands have

proposed several methods of using the GPSitrgaata to estimate disturbance (Ayers
et al., 2000, 2005; Haugen et al., 2003; Haugen, 2002; Koch et al., 2012; Li et al., 2007;
Rice, 2006; Wu et al., 2007, 2008)lost of these methods have been focused on further
refining the process of using GPSal&t model damage from individual vehicles.

Ayers et al., 2000 and Haugen et al 2003 used GPS devices (an early version of
the VTS device) to track military vehicles at Yakima Training Center in Yakima, WA.

Ayers et al. 2000 and Haugen et al. 2003 wsedarly version of the VTS (Vehicle

126



Tracking System) device to track vehicle maneuver. Ayers et al., 2000 and Haugen et al.
(2003) used the GPS tracking to calculate vehicle dynamic properties (turning radius,
speed, and velocity). Using the calculadgdamic properties they were able to estimate
the loss of vegetation caused by the vehicle maneuver. This work was designed to
support the use of the ATTACC model and provide further information to refine the
parameters of the model.

Ayers et al. 2005 #sl GPS devices to analyze vehicle maneuver in order to
identify the possible formation of roads caused by off road maneuver. This research used
a 25 meter by 25 meter grid cell to count the number of vehicles crossing an area, and the
pattern of use of thee vehicles to determine where new trails were forming. They were
able to find vehicles crossing following the same path in opposite directions and different
days which helped indicate new trail formation.

Li et al. 2007 developed models to predictsbeerity of impact of military
vehicles during maneuver. Their models used the static vehicle properties combined with
the dynamic vehicle properties collected by GPS devices to estimate the amount of
disturbed width and the impact severity of the mijitamaneuver. These theoretical
models defined relationships for different types of vehicles (tracked or wheeled) and
dynamic properties. They found strong relationships between increased damage with
reduced turning radius and higher speeds.

In his thess, Matthew Rice (Rice, 2006), used GPS devices (the VTS) to track
military maneuver at Fort Lewis (2005), Fort Riley (2005) and reused the data set

collected at Yakima Training Center (2001) from Haugen et &8.200e GPS data was

127



used toestimate environmental impacts in the form of vegetative loss. Vegetation loss

was estimated in square meters of removal using cumulative impact width relationships.

Methods
Site Description: Fort Riley
Fort Riley is a U.S. Army military installationdated in the north central to
northeast portion of the state of Kansas, U.S.A. Fort Riley occupies a portion of three
different counties, Clay, Geary and Riley Counties in Kansas with the majority in Riley
County. Itis bounded on the south by the Kai&asr near the confluence of the
Republican and Smokey Rivers. The cities of Junction City (populagiprox.21,000),
Ogden (populatiompprox.2000), Riley (populatiompprox.1,000), Milford (population
approx.900) and Keats (populati@pprox.400) ae adjacent to the installation
boundaries, with the city of Manhattan (population approx 52,000) being approximately
two miles to the east. The local climate is temperate continental with hot summers and
cold dry winters. The installation area is appnoaiely 100,775 acres, of which 70,000
acres is used for maneuver training. Fort Riley is an Army Forces Command
(FORSCOM) installation with the mission of
Joint Force requirementrsmyod sThFei rfsotr tl nifsa ntthrey
(11 D) also known as fAThe Big Red Oneo whic
armored brigades, one infantry brigade), along with one combat aviation brigade, and
several separate batt alnmennispartofthe FlntoHilld Ri | ey
ecoregion and is dominated by gently rolling open topography covered primarily by
tallgrass prairie (big bluestem, indiangrass and switchgrass). There is a woodland

component to the installation primarily associated witbéasn drainages and ravines.
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The area surrounding the post is covered with agricultural row crops which provide a fire
break for frequent grassland fires started on the installation. The installation elevation

varies from 312 to 415 meters above seallé¢f7ert Riley INRMP, 2010).

GPS Tracking of Maneuver Training

Three separate maneuver training events were tracked with GPS devices on Fort
Riley, Kansas fron21 July 2013 thru 27 August 2013. These three events consisted of
three separate maneu\mttalions conducting platoon level FTX and live fire platoon
gunnery. The three units weregd4Cavalry Squadron {4 CAV), 1-16 Infantry Battalion
(1-16 IN), and 234 Armor Battalion (234 AR). All three battalions conducted training
under the same brgle level command {Brigade, f' Infantry Division). A total of 120
vehicles were equipped with COTS GPS tracking devices, of which 116 devices provided
data (one device lost, three device did not participate in training)).CAV had 29
vehicles wih data recovered;16 IN had 31 vehicles with data recovere@®42AR had
56 vehicles with data recovered. Oalp or t i on of each battaliono
while training due to limited quantities of COTS devices. Devices were primarily placed
on maneuver vehicles (those vehicles primarily used for off road training, as opposed to
logistics and support vehicles). The battery life of the COTS devices was not adequate to
capture all of the training on a single set of batteries which resulteffarirdj total
amounts of data collection per vehiclehe complete data set from all three maneuver
battalions consisted of overZnillion individual GPS pointsChapter 5 contains more
description of the GPS tracking events, and Appendix A providegegrdetail on the

GPS data collected.

129



GIS Modeling of Training Intensity

TheGPS data was downloaded from each device and converted to a .txt file by
the proprietary software issued with the COTS device. The device records GPS data in
the standard 018SMEA code, but the device manufacturer has programmed the device
to only be able to be downloaded with their proprietary software. This may be limiting
some data about satellite availabiltyddilution of precision. The .txt file as
downloaded contagd the date, Coordinated Universal Time (UTC), coordinates in
decimal degree (WGS 84 coordinate system), speed (MPH), and elevation (ft). The US
Army Corps of Engineers Construction Engineeiftesearcth.aboratory (CERL)
produced python scriptingvhich used in ESRI ArcGIS modelspnverted the .txt into a
ESRI shapefile with calculated values for distance, velocity, turning radius and local
northing and easting. This shapefile format is the same format CERL uses for other GPS
processing applications. ©ain the shapefile format the data was further processed to
include unit and vehicle specific information (vehicle bumper number, vaflatferm
type (tracked versus wheeled), vehicle type (M1A2, M2A3, HMMWYV etc.), and specific
unit identifiers for plabon, company/troop and battalion/squadron.

All the GPS data for one training event were merged together into one ESRI
feature class within an ESRI file geodataba&s.off road travel is of most concern to
land managers the GPS points were separatedvitat categories, on road and off road.

In order toseparateéhe two categories, the ITAM GIS road layer was buffered by 30
meterg(same buffer distance used by Ri2@06) The 30 meter road buffer was used to
select all pointgalling within a road otank trail. Those points at a minimum of 30

meters from the road we considered off road travel.
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Once each event had a completédroaddataset, further processing was
conducted to include ne@PS tracking data into the dataset. Soil data was mapped
usingthe US Department of Agriculture Soil Survey Geographic Database (SSURGO).
The soil data was spatially joined to each GPS data point based on the USCS (Unified
Soil Classification System) engineering properties. Daily soil moisture was also
incorporatednto the GPS dataset for each field based dmsoisture data collected at
Konza Prairie Biological Station (KPBS) for the National Science Foundation (NSF)
funded Long Term Ecological Research (LTER) program rainfall manipulation plot study
(RaMPS) (Fay et al. 2000). The RaMPS project has been collecting daily soil moisture at
KBPS for over 13 consecutive yearBhe RaMPS project at KPBS is approximately 16
kilometers southeast of the center of Fort Riley, anchisdsricallysimilar topagraphy,
vegetation types, and soil3he data used for soil moisture was collected using time
domain reflectometry (TDR) at a depth of 15 cm from a continuously operating TDR.
The TDR datavascollected from four control plots on KPEBay et al. 2000) The
daily soil moisture of the control plots was averaged and then applied to each GPS point
of the same date in the maneuver tracking dataset.

Using the estimated soil moisture data and the USCS soil engineering properties a
rating cone index (RCI) wasalculated for each GPS point within the GIS framework.
Jonesetal 005 def i n eadnedsureeof thie @dnetration résistance ofa 30
right circularcone with a 3.2&n" base area times tiiemold index 6Tdie remold
i n d s afactor that r&ates to the apparent soil strength loss ascribable to application of

work or traffic on the soib The formula used forestimatinghe RCI of various soils
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wereprovided in Sullivan and Anderson 2000he two equations from Sullivan and

Anderson 2000 sl for Fort Riley soil types are below in equatiors &nd 62

Equation 6-1 Rating Cone Index for USCS Soil Type CL

RClei=Qaond & P

Equation 6-2 Rating Cone Index for USCS Soil Type CH

RClcr=Qwn® 8 P

Once each GPS point hadR&l valuebased on the locabil conditionsat the
time of the maneuver, a calculation of tikage of each vehicle could be calcuthter
the point. Sinkagaccording to Sullivan and Anders@n0 0ifdefined as the soil
surface surrounding a track or rut that has been displecethacted, or has lost strength
due to remolding caused by vel@dtaffico Sinkage has a long history of study on
military vehicles beginning in the 1940s and continuing through the 1990s with
incorporation in the NATO Reference Mobility Model (NRMM) (Priddy, 1998nhkage
was selectetly Sullivan and Anderson, 20 as theneasure of site damagaused by
vehicleto use in estimating ATTACWSF. The same sinkage equations from Sullivan
and Anderson 2000 were used in this research and have been reptmlaesad
equation6-3 for tracked vehicles and equation6-4 for wheeledvehicles.These

equations have not been adjusted into metric equivalents.
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Equation 6-3 Tracked Vehicle Sinkage Equation (Sullivan and Anderson 2000)

8 z .
YQE QOEQO O QOESTA T 1@
Where:
Sinkage =track sinkage or rut depth (in)
TrackLength =Length of the track in contact with the
ground (in)
RCI = Rating Conéndex of soil (unitless)
VehicleWeight = Total Vehicle Weight (Ib)
NumTracks =Number of tracks (unitless)
TrackWidth =Single Track Width (in)

Equation 6-4 Wheeled Vehicle Sinkage Equation (Sullivaan Anderson 2000)
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Where:
Sinkage =wheel sinkage or rut depth (in)
TireDiameter =Tire Diametex(in)
RCI = Rating Cone Index of soil (unitless)
VehicleWeight = Total Vehicle Weight (Ib)
NumberWheels =Total Number ofWheels(unitless)
TireWidth =SingleTire Width (in)
TireDefledion =Tire Deflection (in)

TireSectionHeight =Tire Section Height (in)

Jones et al. 2005 developed separate equations based on the above equations to

provide a separatealuefor sandy soils versus clay soits each wheeled and tracked
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vehicles The Jones et al. 2005 rewrites may be more explanatory of sinkage rates in
major soil categories, but the levelinEreased precisiowasdetermined taot offset the
increased computational requirent in this modeling exercise therefor the Sullivad a
Anderson 2000 equations were used.

Equations 6 and 64 were simplified for each vehicle type tested and aRIES
model was constructed to calcul#ite sinkage at each GPS point based on the vehicle
static properties and the RCI.

Once the sinkage waslculated for each GPS polmdised on the equation above,

a reference sinkage was calculated for each point based on the M1A2 at the same point.
Next the ATTACC method Vehicle Severity Factor (VSF) was calculated for each GPS
point. The VSF is a ratiof the sinkage of the vehicle at the select point to the sinkage of
a reference vehicle (M1A2) at the same p@aatiation6-5) (Sullivan and Anderson

2000)

Equation 6-5 Vehicle SeverityFactor Equation (Sullivan and Anderson 2000)

N0 Y'QE QO "QQ
© TP N0t a6 aa
Where:
VSF, =the vehicle severity factor for vehicle v
Sinkage =the singlepass rut depth for vehicle v
using the same #dype and soil moisture at
the reference vehicle
Sinkag@sference =the singlepass rut depth fahe reference
vehiclev usinga reference soil type and soil
moisture

ThelLocal Condition Factor (LCF) based on the ATTACC model was then
calculated for each GPS point. The LCF is typically a standard value of 1 for relatively

dry and trafficable conditions (Sullivan and Anderson, 2000). The LCF for each GPS
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point is a ratiof the soil type and soil moisture at the time of trafficking to a

standardized soil moisture for the same type soil Equatt&n 6

Equation 6-6 Local Condition Factor Equation (Sullivan and Anderson 2000)

550 YQE QO QQ
VO Y Yot aeqn
Where:
LCF,, =the local condition factor for soil moisture
value m
Sinkage, =the singlepass rut depth for soil moisture

value m for the same soil type and vehicle
used in Sinkaggerence
Sinkag@sference =the singlepass rut depth for the reference
soil moisture value, soil type, anehicle
type used tealculate VSF
Next a 30 by 30 meter grid was created to cover Fort Riley. The grid was used to
get a summation of all GPS points within each grid square based on the relative
disturbance of each GPS point. The LCF and VSF for each point were mufiplied
each GPS point to produce a relative disturbance at the coordinate an&itjome.6-2

is a simplifiedillustration of mapping techniques providingexample of VSFand LCF

calculations
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Figure 6-1 Intensity Mapping Using VSF and LCF

a * b c . Calculation of Intensity by grid cell example:
.

Hypothetical VSF and LCF

VSF122=1; VSF1123=0.8; VSFmwy=0.3
LCFu=1.5; LCFy=(1)

. a. 1 M1A2 GPS pt *1(VSFya,) *1.5(LCFq)=1.5

b. 5MLA2 GPS pt *1(VSFyyan) *1.5(LCFQ)=7.5

: c. (1 M1A2 GPS pt *1(VSFygag)*1.5(LCFq)=1.5)+

d e i . (1 M2A3 GPS pt *0.8(VSFyppas)*1.5(LCF)=1.2)+
(3 HMMWV GPS pt 0.3(VSFypanaun)*1.5(LCF ¢ )=1.35)
=4.05

.0

.0

(5 M1A2 GPS pt *1(VSFyuap)*1.5(LCF)=7.5)+
(3 M2A3 GPS pt *0.8(VSFyypss)* 1.5(LCF)=3.6)+
(6 M2A3 GPS pt *0.8(VSFyyans)* 1(LCFqy)=4.8)+
(1 HMMWV GPS pt 0.3(VSFypanaun)*1.5(LCF)=0.45)
(3 HMMWV GPS pt 0.3(VSFypanaun)* 1(LCF ) =0.9)
=17.25

.0

- (5 HMMWV GPS pt 0.3(VSFupaey)*1(LCFqy)=1.5

i 0

Intensity Calculation

Representative Intensity
USCS Soil Type Vehicle Type B Map Based on VSF and LSF
M1A2 calculations (each cell is
M3A3 . 30mx 30m)
HMMWV

The final aspect aheintensitymapping approach outlined aboweasto compare
anintensitymap based on GPS data and based on RFMSS dat&s RFMSS data is
theprimary source of dataput by military units wih vehicular estimates and updated by
installation range mangers as training occurs, it provides the best available digital record
of maneuver training. The current ATTACC model uses RFMSS as a source for
maneuver training. Several other studies andatibe2 of this research provide data
that could be used in coordination with RFMSS to estimate maneuver training. In order
to compare the intensity mapping approach provided here to RFMSS, data from each
training event that was tracked with COTS GPS a&viwvas downloaded from the

RFMSS database. The data was collected four weeks after the training was complete so
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all adjustments to the data set by range managers should haveobg#eted The data
collectedincludedthe training areas reserved for tAPS trackedraining by the unit, the
vehiclesby training area input by the units, and the duration of training on each area

recorded by range manager s. All three

AFi el d Trainingo wyaeas. Jhelestirdates of velgiclesbye t r ai

training area were used to estimate a percent of training spent in each training area by
unit. This estimated percent was compared to the GPS recorded percentages.

One area (Maneuver Area N) was used by all thré@s daring the training. A
comparison of training on this maneuver area was conducting comparing the spatial
distribution of training by all three units. Also a distribution of training across the area
was conducted to determine the distribution of trerirom the edge of the installation
from roads/tank trails, and from wooded vegetation (determined from ITAM GIS land
cover). A series adimplistic spatial relationship comparison techniques were conducted
using GIS geoprocessing. First, the GPS fgoivere plotted within the maneuver area.

A cluster analysis was conducted to determine if the GPS points within the training area
could be determined to be random or clustered (for RFMSS data to be spatially accurate
at the MA level the GPS points withihe MA would need to be evenly distributed.
distance was calculated for each pemthe nearestdge of Fort Riley, the closest tank

trail or road, andhearesivoodland featuresA random distribution of the same number

of points(146,932 was consucted within MA N and the same distance calculations

were completedSummary statistics were determined for all distance calculadioths

comparisons between the GPS collected points and the random points
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Results

The COTS data for all three trackedihing exercises is shown belan Figure
6-3 as a map of GPS points followed by a map of the off road points (those 30 meters off
roads and tank trail$§jigure6-4. A total of 2,274,481 GPS data points were analyzed for
the three events. Of thedata points727,532 GPS points were collected fror@.IN,

874,634 GPS points from&4 AR, and672315GPS points from 4 CAV.
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Figure 6-2 Combined Mapping of GPS Points for All Three Training Events

;t > s
1Kilometers E - /

Combined GPS Mapping
®  1-16 Infantry

2-34 Armor
® 44 Cavalry
—— PRIMARY
—— SECONDARY
TERTIARY
— — = Tank Trail Notes; 5
Combined mapping of all GPS
|opactiven tracked units during research period.
I cuitarea All units had the same directed mission
Grassland from their higher headquarters:
Water conduct FTX and mechanized

- Woodland(>15%canopyclosure) gunnery table X

Of the over 2.2 million points, 427,614 GPS points were in the off road data set

(18.8%). The off road percent by battalion was 15.1%, 19.1% and 22.4%d oilNl, 2

34 AR, and 4 CAV respectively (figure @ below).
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Figure 6-3 Mapping of Off Road GPS Points for All Three Training Events

Off Road GPS Mapping

¢  1-16 Infantry
2-34 Armor
® 44 Cavalry
= PRIMARY
—— SECONDARY
——— TERTIARY
— — = Tank Trail
Impact Area
- BuiltArea
Grassland
Water
- Woodland(>15%canopyclosure)

Notes:

Off road movement of all tracked
units during the research period. All
units had the same directed mission
from their higher headquarters:
conduct FTX and mechanized
gunnery table XIlI

RFMSS Expected Training Uses.Actual Training Useof Maneuver Areas
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The first comparison of existing intensity mapping techniques is a comparison of
expected versus actual training use. RFMSS provides at best MA wide intensity
estimates. While other GPS data collection has provided much information on off road
vehicle ug, a major goal of that GPS tracking is to provide support or refinement to the
doctrinal and subject matter expert estimates used in RFMSS for future mapping of
intensity. The following series of maps show the expected training intensity based on
RFMSS @ta input by the Army units tracked, and the actual intensity. For these maps
GPS intensity was on a purely GPS count scale with one GPS point equivalent to all other

GPS points regardless of vehicle type or environmental conditions.

1-16 Infantry Expeded vs. Actual
1-16 Infantry RFMSS data analysis is shawithe map on the righi figure 6-5

below. The estimated usage from user input in RFMSS would indicate a significant
portion of training occurring in theoutherrtraining areas on Fort Riley, with limited
trainingoccurringin the north east. Mapping of the actual GPS tracking of training
indicates that a relatively larger amount of training occurred in the areas expected to and

reported to have received the leasiount of training in RFMSS (figu@b).
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Figure 6-4 Expected versus Actual Maneuver Area Usage of16 Infantry

Actual Usage % ) L\ Expected Usage %

0 2 4 8 12
[ 1Kilometers

Combined Training

PRIMARY % Usage

SECONDARY

TERTIARY 0.000000
___________ Tank Trail 0.000001 - 1.500000
eesesssssssssn~ BuiltArea 1.500001 - 4.000000

Grassland 4.000001 - 5.100000

Water 5.100001 - 40.299999

Voodland(>15% py e) 40.300000 - 49.099998

Notes:

Actual vs. expected percent of off road
maneuver by manuever area

for 1-16 Infantry based on GPS count
(actual) and RFMSS vehicles by MA
(expected). Categorized by Jenks natural
breaks based on actual usage data.

Theactualpercentage of training estimated in each maneuvercarepared to

the RFMSS reorded training is shown below in tal@8. Comparing the RFMSS data

to the GPS recording of actual usage indicates a nearly inverse relationship in recorded

training intensity from GPS devices to the training intensity recorded in RF8S

four of sixmaneuver areas recordidgferencesn expected versuactualusage of in

excess of 30%.
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Table 6-1 1-16 Infantry Battalion Expected versus Actual Usage

1-16 IN |B 40.605 5.1% 35.53%

1-16 IN |E 37.5% 1.5% 36.00%
1-16 IN [J 10.2% 40.3%  -30.14%
1-16 IN [M 9.4% 0.0% 9.38%
1-16 IN [N 2.3% 49.19%  -46.76%
1-16 IN|Q 0%4 4% -4.00%
Std Dev 16% 2094 31%

2-34 Armor Expected vs. Actual
Mapping of 234 Arma Battalion shows a similar pattetm that of 216 IN with

RFMSS expected and reported training data not reflected in the actual recording of data
by GPS devices. Figu@6 and tables-3 provide expected versus actual usage {842
Armor Battalion. Expected use for MA Q as recorded by the unit in RFMSS was only
1.9% of total training time, the GPS data indicates tHzt Armor Battalion conducted

53.1% of allGPS recordettaining within MA Q.
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Figure 6-5 Expected versus Actual Maneuver Area Usage of24 Armor

Table 6-2 2-34 Armor Battalion Expected versus Actual Usage

4-4 Cavalry Expected vs. Actual
The distribution of 44 CAV training by maneuver @a estimated using unit input

from theRFMSS system and can be seenpnrthe right infigure 6-7 below. The map on

the left below shows the distribution of training as recorded by COTS GPS detiees.
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