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GIS'TERRAIN ANALY SISCROSS-COUNTRY MOVEMENT/A STAR SEARCH/

BREADTH FIRST SEARCH

The main objectives of this research are to develop the automatic path finding
(Cross-Country Movement for Combat Mobility: CCM4CM) system operating on the
CCM maps for combat mobility. The maps are derived based on the method of the US
Army. The system applies the selected path finding algorithms (BFS and A-Star) to find
the shortest and fastest paths that are useful for military operations planning. The whole
area of Maesot District, Tak Province, in western Thailand was selected as the study
area. The CCM maps were set separately between dry and wet seasons for all six
concerned combat units, which are Standard Infantry (Foot troops), Armored Infantry
(M113), Mechanized Infantry (M35 truck), Tank Cavalry (Stingray tank), Armored
Cavalry (M113), Reconnaissance Cavalry (Scorpion tank).

In the first objective, the CCM maps for each relevant combat unit were derived
as a product of five main factors F1 - F5 that represent key terrain and environmental
characteristics of the study area: (1) F1, speed/dope factor; (2) F2, dope-intercept-
frequency (SIF) factor; (3) F3, vegetation factor; (4) F4, soil factor; and (5) F5, surface
roughness factor. The resulting CCM maps indicated that the standard infantry (foot
troops) could move over most considered terrains well in both dry and wet seasons
except over few specified No Go areas (water body). For all considered vehicles, their

Go areas were mainly found on the western side of the district due to the rather flat



terrain of the areathat is suitable for the concerned CCM movement. On the other hand,
the No Go areas notably situated in mountainous regions in the middle and eastern parts
of the district due to the high surface slopes and the proneness to landdliding of the
areas. In addition, the Siow Go areas were found distributed around and in-between the
Go and No Go areas for most interested vehicles. The Go areas of &l vehicles decreased
dramatically from dry season to wet season and mostly turn into Siow Go areas. Among
the four considered vehicles, the Scorpion tank could attain the highest moving speed
(regarding the maximum F1 values) at about 54.29 km/hr, followed by the Stingray at
46.0 km/hr. Regarding the amount of the Go areas, in dry season,the Scorpion and
Stingray tanks were far more effective on CCM activity than the other studied vehicles.
But in the wet season, the Scorpion tank did best, followed by the M113. In addition,
the M35 truck performs worst in both wet and dry seasons.

In the second objective, CCM4CM was created based on the associated CCM maps
obtained from the first objective and the superior path finding agorithm between two
candidates, the BFS and A-Star. Four specific details of their performances, or quality
indices, were compared which are: (1) completeness; (2) space complexity; (3) time
complexity; and (4) optimality. The obtained results indicate that both algorithms can find
the solutions under their own procedures, however, the A-Star did much better than the
BFS in terms of processing time and correctness of the solutions found in al cases under
congderation, But in term whileit is till uncertain of the used memory, which of the two
is superior in terms of memory case. As a consequence, the A-Star was chosen to build
the automatic path finding system for further use in the military services.
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CHAPTER |

INTRODUCTION

1.1 Problem background

In the battle operation, one of the most important things that needs to be
approved by the military leaders before making any strategic decisions is the terrain
analysis of the battle field (usually known as the planning of war and military terrain
anaysis). Thistask is an integral part of the intelligence preparation of the battlefield
(IPB) process which is a key role in any military operation planning. This is because
terrain analyses can provide important information to assist intelligence operations,
tactical decisions, and tactical operations of the preferred military campaigns.

One of the crucial tasks related to the terrain analysis is to find proper routes for
the off-road movement of military personals and vehicles, called the “ Cross-Country
Movement” (CCM), based on the derived CCM map of the area. The CCM map is
sometimes referred to as an avenue of approach map because it provides the best
routes by which the vehicles can get to an objective when they cannot use prepared
roads. It aso shows parts of the terrain that these vehicles cannot cross which are
important for the planning of military operations, especialy, in the offensive strategy.

Typically, the entire process of finding suitable paths for the combat mobility
(from source to destination) was done by military experts based on prior knowledge
of the key terrain and environmental characteristics of the operating area. The crucial

ones are soil properties, types of dominant vegetation cover, surface configuration,



and surface roughness (US Army, 1990). However, this is usualy a rather time
consuming process as most working steps have to be done manually. Therefore, it is
normally a very exhausting working process when being applied to vast and complex
topography. In those circumstances, some analyzing tools to assist this kind of work
are critically needed. At present, such tools can be produced very effectively by using
the computer-based geographic information system (GIS) as a core component.
Examples of their developments and fruitful applications to the CCM mapping and
path finding analysis for the assumed military operations are shown in this thesis. In
the path finding part, two popular searching algorithms, Breadth First Search (BFS)
and A-Star (A*) Search were considered in details.

In this work, the GIS-based models have been constructed and implemented to
generate the preferred CCM maps and evauate proper CCM paths for some specified
army vehicles (under given requirements) in Maesot District, Tak Province. This areais
Stuated close to the Myanmar border and is considered as an important strategic location
under supervision of the 3¢ Army Area due to the unresolved territory conflicts with
Myanmar and the military operations of some ethnic minorities resding within the
Myanmar border. The highly complex and difficult landscape of the area can lead to an
exhausted terrain analysis carried out by the responsible agency. As aresult, the proposed

modelsin this study might be avaluable tool to assist itswork in the future.

1.2 Research objectives

1.2.1 To create CCM maps for combat mobility using reclassified GIS data.
1.2.2 To develop application of suitable path finding to combat mobility in the

military operations based on shortest and fastest paths.



1.3 Scopeand limitations

1.3.1 Relevant cost of the movements (e.g. safety, fuel usage, expenditure)
along the preferred shortest and fastest paths is not included in path finding analysis
(to determine suitable paths).

1.3.2 Only main vehicles of each specified combat unit (infantry and cavalry)

are considered.

1.4 Benefit of the study

1.4.1 Essential GIS dataset for CCM-based military terrain analysis.
1.4.2 Effective CCM maps for combat mobility in the study area.
1.4.3 Effective path finding analysis model (under given criteria) for the use in

the study area.

15 Study area

The chosen study area is Maesot District in Tak Province, western Thailand
(Figures 1.1 and 1.2). Maesot is a well-known area located close to Myanmar border
which is notable as being a trade hub and for its substantial population of Burmese
migrants and refugees. And as a main gateway between Thailand and Myanmar, it has
gained notorious reputation for being center of the black market services such as labor
and drug trafficking which cause a new kind of threaten problem to the country.

The district comprises of 10 tambon (or sub-districts): Maesot, Maeku, Phawo,
Maetao, Maekasa, Thasailuat, Phrathatphadaeng, Danmaelamao, Mahawan, and
Maepa, covering area of about 1,986.12 km? with total population of about 118,721 in

2009 (Tak Province, 2012). The climate is monsoona where a heavy rainfall normally



occurs during monsoon season (May - October) and the rest of year is relatively dry.
The highest amounts of measured rainfall in average are 353.5 mm in August and
305.2 mm in July (for 1961 - 1990 period). During summer (March - April), daytime
maximum temperatures can reach 35 - 36°C in average but during winter (December-
February) the minimum temperatures might drop to be about 15 - 16°C in average

over the same 30-year period (Thai Meteorological Department, 2012).
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CHAPTERIII

LITERATURE REVIEW

This chapter provides fundamental knowledge of the military terrain analysis,
the cross-country movement (CCM) analysis, and also working principles of the two
preferred searching algorithms: the breadth first search (BFS) and the A-Star (A*).

Review of some works relevant to these topicsis aso presented.

2.1 Mobility and terrain analysis

Mobility is defined, in military terms, as those activities that enable a force to
move personnel and equipment on the battlefield without delays due to encountered
terrain or obstacles (US Army, 1985). Knowledge of mobility information is crucial
for the decision-making process of the military commander to determine best course
of further action. In general, possible courses of action are first studied and analyzed
by the responsible staffs before presenting them to their commanders for approval and
action. Areas of staff input for completing this process normally include:

(1) Military intelligence (enemy activity, terrain and weather);

(2) Intelligence preparation of the battlefield (1PB);

(3) Operations (tactical maneuver, fire support, and engineer support);

(4) Administration/logistics (personnel and combat service support activities); and

(5) Civil affairs.



Terrain analysis

In the initial stage of the formal mobility planning, an information search and
anaysis is performed based on factors of mission, enemy, terrain and weather, troops
and resources available, and time/space restrictions (METT-T). The terrain analysis is
regarded as being crucia part of the intelligence preparation of the battlefield (IPB)
process. It plays key role in any military operation planning as it can provide database
for intelligence operations, tactical decisions and operations, and support for the
planning and execution of military-related operations. One of major applications of
the military terrain analysis is to facilitate a tactical maneuver plan like constructing
the cross-country movement (CCM) overlay (US Army, 1985).

According to Shoop (1993), terrain includes two main parts; (1) materia that
comprises the terrain (e.g. soil, snow, vegetation) itself, and (2) geometry of the terrain
surface (topography). In term of vehicle movement, the terrain’s ability to support and
provide traction for the movement is called trafficability. Trafficability is part of the
vehicle's mobility study but its emphasis is mainly on interaction between a specific
vehicle and a given surface material, whereas mobility study shall consider the entire
effects of the terrain on vehicle's movement, including obstacles and topography.

The interested military terrain database is usualy composed of information on
existing terrain of tactical military significance within a given area. When in use, this
information will be placed on the transparent overlays to highlight different terrain
mobility factors. The usual factor overlays are as follows (US Army, 1985):

Transportation factor overlay; this includes selected roads, bridges, tunnels,
ferries, railroads, and airfields over which the relevant troops and supplies can move

effectively during a military operation.



Obstacles factor overlay; this includes both natural/artificial terrain features
which can hinder military movement. Obstacles may be escarpments, embankments,
hydrologic features, or depressions.

Water resources factor overlay; this includes water resources, like wells,
springs, or groundwater, which may be found in the area. This overlay is made only
for arid or desert areas of the world.

Surface configuration factor overlay; this depicts categories of the surface
slope in combinations from O - 45 percent and open water.

Vegetation factor overlay; this details all information about vegetation of an
area, including type and height of vegetation, canopy closure (percentage of ground
covered by the tree crowns), undergrowth (vegetation between the canopy and above
the ground), vegetation roughness factor (an estimate of the degree of degradation of
vehicle speed through a type of vegetation on level ground), and stem diameter/ tree
spacing/vegetation roughness table.

Surface materialsfactor overlay; this often limits to those materials which are
significant to the military operations mainly, including soil types (according to the
Unified Soils Classification System: USCS), depth of surface material, soil moisture,
potential landdlide areas, and the surface roughness factors (similar to the vegetation
roughness factor, but for a vehicle traveling over level ground and being influenced
by the ground conditions).

Surface drainage factor overlay; this includes shorelines, offshore islands,
large rivers, and lakes. Information on width, depth, velocity, bank heights and slopes,

bottom materials, dams, fords, and locks is given for each feature.
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Figure 2.1 shows the data flow in aclassic terrain analysis procedure. As seenin
Figure 2.1, the typical terrain analysis begins with the accumulation of crucia datafor
the operation which are raw associated terrain data extracted from source imagery
(e.g. aeria photos or satellite images), maps (e.g. topographic map), or literature, and
field data collected during on-site inspections. These acquired data are then analyzed
and reduced to a set of terrain factor products capturing important terrain features and
classifications. The next step in the process is to combine these products with the
empirical and doctrinal evidence to make complex products associated to activities of
the military interest (e.g. the river crossing or cross-country movement).

For example, the cross-country movement shall take several terrain factors such
as slope, landform, surface roughness, vegetation, and soils into the analytical models
which capture capabilities of specific vehicle (usually empirically derived), to
produce maximum vehicle speed in agiven areaand display in form of the CCM map.
For maneuver-like activities, hospitability provides a measure of the support a given

local area provides for agiven activity (Kastella, Kreucher, and Pagels, 2000).
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Figure2.1  Typical dataflow diagram in aclassic terrain analysis procedure.

From: Kastellaet a. (2000).
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2.2 Cross-country movement analysis

As stated earlier, one of the crucial tasks linked to the military terrain analysisis
to find proper routes for the off-road movement of military personals and vehicles
called the cross-country movement (CCM). The CCM map is sometimes referred to
as an avenue-of-approach map because it portrays the capable paths by which various
military vehicles can access to a specific destination when they cannot use the normal
roads (off-road movement). It also shows parts of the associated terrain that these
vehicles cannot cross. Most details of the CCM analysis described here are concluded

from the standard US Field Manual: FM 5-33 (Terrain Analysis) (US Army, 1990).

Table2.1 Categoriesof speeds and their relevant CCM map units.

Speeds (kph) Basic descriptor CCM Map Unit
> 30 Go 1
>15-30 Restricted Go 2
>5-15 Slow Go 3
>15-5 Very Slow Go 4
<15 No Go 5
- No Go (Open water) 6
- No Go (Built-up area) 7

Note: kph = kilometers per hour

From: USArmy (1990).

According to the US Army’s manual on terrain analysis (US Army, 1990), the
CCM map can be divided into 7 basic units of terrain based on the potential traveling
speeds of the concerned vehicle type or troop unit, which are (see Table 2.1 for more
information): (1) Go, (2) Restricted Go, (3) Slow Go, (4) Very Slow Go, (5) No Go,

(6) No Go (Open water), (7) Excluded (Built-up area).
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These traveling speeds (V) can be found directly from following relationship:

V (kph) = F1xF2xF3xF4pwxF5. (2.1

Terms F1 to F5 represent the key terrain and environmental characteristics of
the areathat can influence speeds of the travelling vehicles or troops as follows:

(1) F1 is dlope factor as it determines the extent that any slope will deteriorate
the vehicle' s speed without consideration for any other physical factor;

(2) F2 is dope-intercept-frequency (SIF) factor. SIF is the number of times the
ground surface changes between positive and negative slopes over a 1km distance;

(3) F3 is vegetation factor that determine impact of the vegetation density and
distributing pattern on the mobility of vehicle's movement;

(4) F4 is soil factor that informs impact of the soil characteristics on vehicle's
mobility. The analysisis normally separated into wet (W) and dry (D) conditions; and

(5) F5is Surface roughness factor that depends on the surface materials.

The F2 - F5 factors have been typically set to have values between O - 1 only.
More details on the determination of the F1 - F5 terms are as follows (and also stated

in Chapter 3 about the research methodol ogy).

2.2.1 Determination of the dope factor (F1) and SIF factor (F2)
The first two factors, F1 and F2, in Eq. 2.1 show impact of topography
aspect on the CCM analysis. The slope factor (F1) was computed from the following

equation:
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Max off- road gradability (%) — Surfaceslope (%)
Max on- road gradability (%)

F1(kph) = x Max road speed (kph), (2.2)
where Max = Maximum. Principally, the F1 factor indicates the extent that any slope
will deteriorate speed of a given vehicle without consideration for any other physical
factor. It also represents the maximum off-road speed for a vehicle if running on flat
terrain (surface slope = 0).

The slope-intercept-frequency factor (SIF) is the number of times that
ground surface changes between positive and negative slopes over a 1 km distance.

And, as guided by the US Army (1990), the F2 value can be calculated as follows:

280— SIF count (adjusted)
280 ’

F2 = (2.3)

where F2 is slope-intercept-frequency factor. However, measuring the SIF value on

the topographic map, or in thefield, isusually still an extremely time-consuming task.
2.2.2 Determination of the vegetation factor (F3)
The vegetation factor (F3) indicates impact of vegetation characteristics

(type, density, or distributing pattern) on the mobility of vehicle movement. Thisterm

can be found from the following formula (using the larger value of V1 or V2):

F3 = Vg xmax(V,,V,), (2.49)

V, = Ve xVg; Vg = ——, (2.4b)
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X —— , 2.4c
oD? SS ( )

V, = 1{vT SD° }; V; = (W+SD)
where VR is the vegetation roughness factor, Ve is the vehicle factor, SS and SD are
stem spacing and stem diameter, W is vehicle width, OD is override diameter of the
vehicle. Note that, stem spacing is the distance from the center of one tree to the
center of the nearest adjacent tree. The easiest and fastest method to determine stem
spacing is to measure directly from photograph and convert it to ground distance (in
meters). The tree stem diameter is diameter of atree at 1.4 meters (4.5 feet) above the
ground. This measurement is also referred to as diameter at breast height (DBH).

In genera, if values of SS or SD are not available (for the non-forest
types), the F3 is approximated from relation: F3 = Vg (no need for the calculation of
Vi or V). The V; factor is product of two terms: the vehicle factor (Vg) and the
vehicle clearance factor (V¢). The Vg accounts for the response of drivers when
approaching wooded areas while the V¢ accounts for the physical ability of a vehicle
to maneuver between tree stemsin wooded area. If V¢ < 1thenV; = 0. AsVimust be
between O - 1, therefore, if Vi <O0thenV;=0andif Vi >1thenV;=1. Also,if Vo<
0 then V2 = 0. In conclusion, to keep F3 varying between Oto 1, if F3> 1then F3=1
and if F3 <0then F3 =0 (No Go).

In addition, the V, factor is used if it would be easier for the vehicle to
override the trees rather than maneuver between them (as accounted for by the V1
factor). The V+ portion of the formulais used to calculate minimum number of treesa
vehicle can hit at onetime. If VT <1thenVy=1andif SD > 0D thenV,=0

F3 factor indicates impact of the vegetation on the CCM analysis. In

genera, plant cover can greatly affect military tactics, decisions, and operations,
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especially on the evaluation of concealment and CCM obstruction. Types of the
vegetation are also useful indication of the climate, soil, drainage, and water supply
condition of the area. Types of the vegetation that are typicaly of most interest to the
terrain analysts are trees, scrubs and shrubs, grasses, and crops as they can become
serious obstacle to the free passage of vehicle (or troop) or, on the contrary, can
provide good concealment or convenient passage (under some conditions). For
example, dense pack of the large trees can provide good cover and conceament for
the military movement but it also can greatly hinder movement of the vehicles due to
the narrow spaces between these trees. However, field of small trees, or scrubs, can be
sometimes pushed over by the tanks; but the resulting pileup of vegetation may stop
their movement eventually. In general, the pileup effect from pushing over vegetation
is greater for wheeled vehicles than for tanks (tracked vehicles). For grass, it often
improves the trafficability of soils and relatively tall grass may provide good
concealment for foot troops. However, foot movement in savannah grasslands is often
slow and tiring while vehicular movement is much easier but fairly visible from the
air. Grain crops on flat terrain may improve trafficability of the soils if their areas are
not flooded, while others, like the vineyard, can be great obstacles to the
vehicles/troops due to their complicated structures. The vegetation map code of the

USArmy isdetailed in Table 2.2 (US Army, 1990).



Table2.2 Vegetation map code.
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MAPUNIT CODE TYPE
Al Agriculture (dry crops)
A2 Agriculture (wet crops, rice)
A3 Agriculture (terraced crops, both wet and dry)
A4 Agriculture (shifting cultivation)
Bl Brushland (< 5m high, open to medium spacing)
B2 Brushland (< 5m high, medium to dense spacing)
(o Coniferous/Evergreen Forest
) Deciduous Forest
E Mixed Forest (Coniferous/ Deciduous)
’ Orchard/Plantation (rubber, palm, fruit, etc.)
Gl Grassland, Pasture, Meadow
G2 Grassland with Scattered Trees, some Scrub Growth
H Forest Clearing (cutover areas, burns, etc.)
1 Swamp (mangrove, cypress, etc.)
J Marsh/Bog (treeless bogs, muskegs, €tc.)
K Wetlands (L.S.I., low-lying wet areas)
L Vineyards/Hops
M Bamboo
N Bare Ground
W Open Water
X Built-up Area

" These vegetation types are given a three digit map unit code. In addition to the letter for the type
code, asecond digit (number) is added as the canopy closure code, and a third digit (number) is
added as the height code. See canopy closure (%), Height (meters), and example below.

™ A second digit, representing canopy closure, is added to the swamp code.

From: USArmy (1990).

2.2.3 Determination of the soil factor (F4)

The soil factor informs impact of soil characteristics on vehicle's

trafficability over the terrain. The analysis is usually concentrated on determining

capability of soil strength to support a specific vehicle's movement under two
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common conditions, dry (D) and wet (W). The corresponding dry-soil factor (F4p)

and wet-soil factor (F4y) mentioned above can be computed as follows:

4 _RCly,-VCl,

"W vel,, -val, (2:5)

where RCI is the rating cone index widely used to represent proportion of the original
soil strength being retained after the specified vehicles have passed over the area; the
larger the RCI, the stronger the soil. VCI is the vehicle cone index which is a value
assigned to a given vehicle for a given number of its passes. The US Army has used
the VCI for many years as a performance indicator of the referred vehicles to traverse
over soft-soil terrain [see US Army (1963) or Pual (1985) for examples].

The VCI is usually defined as the minimum soil strength necessary for
the self-propelled vehicle to consistently conduct a given number of passes in track
without going immobilized. Usua tests are focused on measuring minimum soil
strength that is required to make 1 or 50 passes for a specific vehicle (called VCI; and
V Clsp), respectively (US Army, 1994; Priddy and Willoughby, 2006).

The RCI is an on-site or estimated value of the soil strength derived from
the product of cone index (ClI) and the remolding index (RI). The cone index indicates
the shearing resistance of soil measured by a device called the cone penetrometer and
the remolding index is a ratio that expresses proportion of the origina soil strength
that will be retained by a fine-grained soil, or sand with fines, poorly drained, after
being subjected to vehicular traffic. Because strength of fine-grained soils (silts and
clays) may increase (or decrease) when loaded or disturbed, remolding tests are

necessary to measure any expected loss of soil strength after traffic. Hence, the fine-
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grained soil CI multiplied by the RI produces the rating cone index (RCI) which
represents the soil strength that is corrected for remolding (US Army, 1994). RCI
depends mainly on type of soils and its humidity in % as seen in Figure 2.2 for the
soil types described in the Unified Soil Classification System (USCS). More
comprehensive details of the VCI and RCI calculations and measurements are given
in, for examples; Shoop (1993), US Army (1994), Ciobotaru (2009), and Nam, Park,

and Kim (2010).
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Figure2.2  Variation of the Rated Cone Index versus soil humidity.

From: Ciobotaru (2009).

Comparison of the RCI with the VCI indicates whether the vehicle can
travel through the given soil condition for a prescribed number of passes. In general,
if the VCI (of a vehicle) for the interested soil layer exceeds its corresponding RCI,
that soil is not trafficable for the specified number of passes (e.g. 1 or 50) of that

particular vehicle; otherwise the soil is considered trafficable under the described
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circumstances. For example, if soil has the RCI value of 30, therefore, it is not
trafficable for vehicles with VCI values greater than 30 (at a given number of passes).
The F4 values can be calculated directly from Eq. 2.5 using relevant data of the used
vehicles presented in Table 3.4 (VCI) and 3.8 (RCI) in Chapter 3. Note that, if F4> 1
then F4 =1 and if F4 <0 then F4 =0 (No Go).

Unified Soil Classification System (USCS) and soil trafficability

As described in the US Army Field Manual: FM 5-33 (Terrain Analysis),
the Unified Soil Classification System (USCS) is a soil classification system
commonly used in engineering and geology work to describe texture and grain size of
a soil. The USCS works by identifying soils according to their textural and plasticity
gualities and on their grouping with respect to behavior. The two-letter abbreviations
are used to separate soils into different groups according to characteristics where the
primary letter identifies the dominant soil fraction and the secondary letter further
describes property of that soil fraction. Information on percent of the gravel, sand,
inorganic clay, inorganic silt, and organic silt and clay in the referred soil is used to
identify the primary letter mentioned earlier (see Tables 2.3 and 2.4 Figure 2.3 for
more details). A comprehensive description of the USCS is available in the US Army
Field Manua: FM 5-472 (Materials Testing) (US Army, 1999).

In nature, pure soil type is rarely found but mixed soil type is more
prevalent with various proportions of the associated mixture. In term of trafficability,
gravel has strong structure which can provide excellent traction for tracked vehicles;
however, if not mixed with other soil, its loose composition may roll under pressure,
hampering movement of the wheeled vehicles. Sand consists of small rock grains and

can give excellent trafficability if wet enough to become compacted or being mixed
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with clay. However, very dry and loose sand is usually an obstacle to the vehicle's
movement, particularly on slopes. For silt, it can provide excellent trafficability in dry
condition (although very dusty). However, it can absorb water very quickly and
become a deep, soft mud which is a definite obstacle to the vehicle’' s movement. Clay
consists of microscopic particles and, like silt, it can support excellent trafficability if
thoroughly dry but as it becomes sticky and slippery under wet condition which is
rather difficult for the traffic. Usually, organic matter has relatively loose structure
which makes high-ground-pressure vehicles able to travel only a few passes before
they break through and become immobilized. Wheeled vehicles usually cannot travel
on most of these organic-soil areas. Cone indices denote the relative strength of
organic soils. However, the soil-strength vehicle performance relations or organic
soils are not as well defined as for fine-grained and coarse-grained soils (US Army,
1990; 1994).

A dry season is time when climatic and vegetation factors combine to
produce low soil moistures. In this season, fine-grained soils and remol dable sands of any
type are often trafficable and with higher trafficability than dry, coarse-grained soils, in
generd. Also, the trafficability of dry, coarse-grained soils is usualy poorer than that of
all wet, coarse-grained soils except quicksand. A wet season is time when weather
conditions combine to produce high soil moistures. In temperate, humid climates, the wet
season extends from about the first of November to the first of May. High soil moisture
normally results from frequent rainfal events but melting of the snow and thawing of
previoudy frozen soils may also generate wet soil conditions. Most soil types have less
strength in wet season than in dry season due to gained soil moisture; however, the effect

may differ with different soil types (US Army, 1990; 1994).



22

Table2.3 Two-letter abbreviationsin the USCS system.

Major type Primary letters Secondary letters
W Waell graded (with little or no fines)
G CGrave/Gravelly soil o _
Coarse-grained P  Poorly graded (with little or no fines)
soil M Coarse material with nonplastic fines or
C  Coarse materia with plastic fines
C Inorganic clay L Low compressibility
F neg%? ned Inorganic silt H  High Compressibility

Organic silt and clay

From: USArmy (1999).

Table2.4 Principal classified soil typesin the USCA.

. s Group .
Major Divisions Symbol Typical Names
Graves GW Well-graded gravels and gravel-sand
50% or more ~ Clean mixtures. little or no fines
of course Gravels GP Poorly graded gravels and gravel-sand
fraction mixtures, little or no fines
retained on ! o
the No. 4 G\:VE;\:SS GM Silty gravels, gravel-sand-silt mixtures
Course-Grained Soils Seve Fines GC Clayey gravels, gravel-sand-clay mixtures
More than 50% retained .
on the No. 200 sieve Sw Well-graded sands and gravelly sands, little
Sands Clean or no fines
50;’?)0(2: rrr;gre Sands P Poorly graded sands and gravelly sands,
"y little or no fines
fraction
passesthe ~ Sands SM Silt sands, sand-silt mixtures
No. 4 sieve with
Fines SC Clayey sands, sand-clay mixtures
ML Inorganic silts, very fine sands, rock four,
_ silty or clayey fine sands
. S|[ts a.nd. Clag/s Inorganic clays of low to medium plasticity,
Liquid Limit 50% or CL gravelly/sandy/silty/lean dlays
less
Fine-grained soils oL Organic silts and organic silty clays of low
More than 50% passes plasticity
the No. 200 sieve MH Inorganic silts, micaceous or diatomaceous
Siltsand Clays fine sands or silts, elastic silts
Liquid Limit greater CH Inorganic clays or high plasticity, fat clays
than 50% g ay gnpi Y, ay
OH Organic clays of medium to high plasticity
Highly Organic Soils PT Peat, muck, and other highly organic soils

From: ASTM (2012).
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Figure2.3  The Unified Soil Classification System (USCS).

From: USArmy (1990).
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2.2.4 Determination of the surface roughnessfactor (F5)

The surface roughness factor is used to compute effect of surface
characteristics (like surface roughness or slope stability) on the vehicle movement. Its
values depend on associated surface materials where lower value indicates higher
impact on vehicle trafficability over that referred surface. The values are tailored for
each specific job by listing only those features encountered. Influence of the surface
roughness, which is an aspect of the surface materials (e.g. boulder fields, gullies, and
rugged bedrock) which reduces vehicle speed, is normally represented by numbers
from 0.00 to 1.00 in 0.05 increment. The surface roughness factor of 1.00 for a
vehicle class indicate no degradation of land trafficability while a 0.80 factor, for
example, would degrade vehicle speed by 20 percent (US Army, 1990).

In estimating the magnitude of this factor, all physical characteristics of
the land surface as well as the vehicle characteristics (such as ground clearance and
wheel size) must be considered. The surface roughness is classified for five types of the
movement categories. medium or large tanks, large wheeled vehicles, small wheeled
vehicles, small tracked vehicles, and foot troops. The surface roughness factors often
vary from one vehicle class to another and their values are given as a code (for each
movement type) in the third digit of the used soil layer map as seen, for example, in
Tables 2.5 and 2.6. Information of the vegetation classification used by the RTSD Map

Center [as described in RTSD Map Center (1997)] isgivenin Appendix A.
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Table2.5 Surface material legends (first two digits).

SOIL TYPE
“f'fSTPTUV'\\,“OT DESCRIPTION
DIGITS)
GW Well-graded gravels and gravel-sand mixtures, little or no fines.
GP Poorly graded gravels or gravel-sand mixtures, little or no fines.
GM Silty gravels, gravel-sand-silt mixtures.
GC Clayey gravels, gravel-sand-clay mixtures.
SW Well-graded sand, gravelly sands, little or no fines.
SP Poorly graded sands or gravelly sands, little or no fines.
SM Silty sands, sand-silt mixtures.
SC Clayey sands, sand-clay mixtures.
ML Inorganic silts and very fine sands, rock flour, silty or clayey fine sands or clayey
silts with dlight plasticity.
CL Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, silty
clays, iron clays.
oL Organic silts and organic silty clays of low plasticity.
MH Inorganic silts, micaceous or diatomaceous fine sandy or silty soils, elastic silts.
CH Inorganic clays of high plasticity, fat clays.
OH Organic clays of medium to high plasticity, organic silts.
PT Peat and other highly organic soils.
RK Rock outcrops.
EV Evaporites.
X Not evaluated.
PS Permanent snowfields.
W Open water.

From: USArmy (1990).



26

Table2.6 Surface material legends (third digits).

SURFACE ROUGHNESS ESTIMATED SURFACE ROUGHNESS FACTORS*
MAP MEDIUM LARGE SMALL SMALL
UNIT DESCRIPTION & LARGE WHEELED WHEELED TRACKED FOOT
(3F°DIGIT) TANKS VEHICLES VEHICLES VEHICLES TROOPS

0 NoData - - - - -

1 No surface roughness effect 1.00 1.00 1.00 1.00 1.00

2 Areaof highlanddide potential .00 .00 .00 .00 .00

3  Stony soil with scattered surface rock .90 .90 .80 .85 .95

4  Quary .05 .05 .05 .05 75

* Surface roughness factors are indicated with 0.00
having maximum and 1.00 having least impact on CCM.

SOIL DEPTHS
<.5 meters

SOIL MOISTURE
........... Soil normally moist
Soil normally wet

Surface rock, normally moist, depth < .5 meters
From: USArmy (1990).

225 GIlSbased terrain analysis

According to Donlon and Forbus (1999), the fundamentals for most
military terrain analysis are map data and terrain analysis surveys. However, the
integration of all map data and field survey data to the analysis of trafficability for a
specific vehicleis still very difficult and labor intensive due to amount of the relevant
data to be used. To manage this information overload, each dataset is evaluated
independently under the given criteria to identify places that have uniform
significance or characteristics relevant to the desired analysis (e.g. cross country

moment). These results are often displayed on transparent sheets which can then be
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integrated to form diagrams (or “overlays’ in the military term) for assisting further
anaysis of interest.

There are two particular products acquired from this stated method that
are frequently used by the military analysts. These are the complex factor overlay
(CFO) and the combined obstacle overlay (COO) (Figure 2.4). A CFO is derived by
creating overlays for each data category (i.e., slope, soil factors, vegetation, surface
materials, hydrology), and then combining them systematically to identify areas of
homogenous characteristics across all overlays under some criteria. The result is a
partitioning map that has scale of details resemble to that of the terrain data in use.
The CCM mapping analysis is an example of the CFO in use by the military analysts
at present.

In contrast, the COO is derived in a much more general way in which
terrain data in each region are classified into three categories. unrestricted (U),
restricted (R), or severely restricted (SR) for the movement in the relevant context,
e.g., movement of a brigade equipped with the tracked and wheeled vehicles. As a
consequence, the COO products provide primary indication of places where military

units are likely to be moving and conducting operations.
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Figure2.4  Structure of the complex factor overlay (CFO) and the combined
obstacle overlay (COO).

From: Donlonand Forbus (1999).

In the past, military terrain analysis was normally a time-consuming
process as most working steps have to be carried out manually, especially when being
applied to avast and complex terrain. In these circumstances, some analyzing tools to
assist this work are critically needed. At present, the most popular such tool is the
computer-based geographic information system (GIS) which is highly capable in
storing and processing spatial data needed for data collection and mapping synthesis.
Broad scope of GIS applications in the military work is reviewed in Wilson and
Gallant (2000), Satyanarayana and Yogandron (2012), Baijal, Arora and Ghosh

(2012) and ESRI (2012, b).



29

2.3 Path finding and sear ch algorithm

One of the notable applications of terrain analysis output for military work is the
identification of suitable paths for combat mobility (from a given original location to
target destination). This task is usually performed by the military experts based on
prior knowledge of key terrain and environmental characteristics of the area like soil
properties, dominant vegetation cover, surface roughness and surface configuration.
For off-road movement planning, knowledge of CCM is very essentia in the finding
of the preferred suitable path under some chosen agorithm and optimization criteria
such as time (e.g. fastest path), safety, fuel usage, impact, length (e.g. shortest path),
etc. (van Bemmelen, Quak, van Hekken, and van Oosterom, 1993).

At present, the automatic path finding algorithm can be developed based on
some well-known search algorithms being used in computer science research field.
Broadly speaking, a search algorithm is an algorithm that takes a problem as input and
returns its solution usually after evaluating a number of possible solutions. The set of
all possible solutions to agiven problem is called a search space. In principle, the path
finding algorithm is normally working within the graph structure framework, which is
conceptually consisting of a set of “nodes’ (or vertices) containing data and “edges’
(or arch) connecting the nodes to each other. Path finding allows us to determine if
and how one node can be reached from another. Additionally, we can consider not
only if two nodes are connected but also assign some form of cost value to traveling
(adlong a specific edge) between them. We can then search for not only the usual

shortest path, but aso the cheapest, fastest, or safest one (Jones, 2008).
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2.3.1 Components of search algorithm

The search algorithms applied in the path finding analysis commonly
consist of 4 main components, which are (Smyth, 2007):

(1) State space: It is the set of all discrete states (nodes) in graph
structure. This set of states forms a graph where two states are connected if thereis an
operation that can be performed to transform the first state into the second;

(2) Operator: This term is used to describe one of the available
procedures that can be used to connect one state to another;

(3) Start state: It isan initia state where the searching procedure starts; and

(4) Goadl state: It is a target state where the searching procedure ends.
There might be just only one or several goal states possible in an analysis.

In the problem solving process, one starts at an initial state and uses the
allowable operators to move towards a goal state. The sequence of any states and
operators that leads from the initial state to the goal state (under some imposed
criteria, e.g. shortest, fastest, or cheapest move) is referred to as a path. And the
solution to the given problem is a sequence of operators that map an initial state to a
goal state which forms a solution path. Among all given criteria, the shortest path is
the most widely explored as it has only few operations to achieve the task compared
to all other possible solution paths.

Normally, a“Tree-search” concept is often applied to represent this kind
of searching procedure as solution path forms a tree structure where each node is a
state and lines connecting tree elements (nodes) are called “branches’. Each nodein a
tree structure may contain a value, a condition, or represent a separate data structure.

And every node will have zero or more child nodes situated below it in the tree
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diagram (by convention, trees are drawn growing downwards from root to leaf nodes
as seen for example in Figure 2.5). A node that has a child is called the parent node

(or ancestor node, or superior).

Figure25 A simple tree-like structure diagram. Here, the node labeled 3 has two
children (labeled 6 and 7), and one parent (labeled 1). The root node at the top

(labeled 1) has no parent.

Nodes that do not have any children are called leaf nodes, or terminal
nodes. Each node has at most one parent. The topmost node in atree is called the root
node. Being the topmost node, the root node will not have parents. This is the node at
which operations on the tree commonly begin (although some algorithms may begin
with the leaf nodes and work up ending at the root node). All other nodes can be
reached from it by following edges or links. In addition, the height of a specific node
is defined by the length of the longest downward path to a leaf from that node. The
height of the root node is also the height of the tree. The depth of a given node is the
length of the path upward to its root. Therefore, searching process is nothing but

exploring the tree from the root node to leaf nodes in some arranged order.
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2.3.2 Typesof search algorithm

The probability to get preferred solution path depends critically on the
known information in the state space. Usually, when more information is
acknowledged, it will be easier to solve the problem. Regarding to amount of
information available, the search engines for path finding analysis can be grouped into
2 types (Jones, 2008):

(1) The uninformed (or blind) search; and

(2) Theinformed search.

The uninformed (or blind) search

An uninformed search algorithm is one that does not take into account
prior knowledge of the possible solutions. In practice, it is a trivial but very genera
problem-solving technique that consists of systematically enumerating all possible
candidates for the solution and then examining whether each candidate satisfies the
problem’s statement. The crucia drawback of this technique is that most search
spaces will be extremely large, and an uninformed search will take a reasonable
amount of time only for small examples. As aresult, it is sometimes being referred to
as brute-force search or exhaustive search. The main advantage of the uninformed
search is that it can find the exact or optimal solutions (if there are any) if given
enough time. The well-known methods in this group include various tree search
algorithms that view the elements as vertices of a tree structure and traverse that tree
in some specific order, for examples, the so-called breadth first search and depth-first
search (Figure 2.6).

Breadth first search (BFS), as the name implies, searches tree structure

from the initial state breadth-wise, level by level. In the process, it shall explore all
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states in one level before jJumping to the next level. Once the solution is found the
search stops. The BFS working concept guarantees to find solution if one exists but
this process might probably take very long time if the destination locates at very low-
level of the tree structure diagram. Another approach is called depth first search
(DFS) method as it shall explore only one particular branch (in the tree-structure
diagram) deeper until the solution is discovered, or there is no new state to be
explored, and then backtrack and start searching over the adjacent level. The
advantage of this technique is that, by chance, the solution may exist in the first few
branches of the tree then the search can find this solution rapidly. However, if the
solution exists in some other branches rather farther away, then there will not be much
difference between the depth first search and the breadth first search approaches
(Halton, 2012). Table 2.7 provides summarized details of the uninformed (or blind
search) and the informed (or heuristic) search types while Table 2.8 presents some

comparisons between main characters of the BFS and DFS methods discussed earlier.

Depth first search Breadth first search

Figure2.6  Examples of the breadth first search (BFS) and depth first search
(DFS) algorithms.

From: William (2012).
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Table2.7 Summarized details of the uninformed (or blind search) and the informed

(or heuristic) search types.

Type Search Strategies Examples

1. Blind/Uninformed Do not use any specific problem domain Breadth First Search
search information Depth First Search
* e.g., searching for aroute on amap

without using any information about

direction.
2. Heuristic/Informed Use domain specific heuristics A-Star (A*) Search
search e e.g. since Seattleisnorth of LA, explore Best First Search

northerly routesfirst.

Thisisthe Al approach to search.

Modified from Varoon (2012).

Table2.8 Comparisons between main characters of the BFS and DFS methods.

Breadth First Search (BFS) Depth First Search (DFS)
1. Uses more memory because it must 1. Usesless memory because only the
retain the status for every path from status of the current path finding is
starting node to find answers. stored.

2. Path will not bevery deep. Canfindthe 2. May not find answer if path is very deep.
answer though path is very deep.

3. If theanswer isin alevel n+1 all other 3. If theanswer isin alevel n+1 al other

levels 1 to n must be distributed to find levels 1 to n not need to bedistributed.
answer.

4. The shortest path answer can be 4. The obtained answer may not be the
definitely found if thereisany. shortest path as required.

Modified from Varoon (2012).
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Another popular approach in this category is called Dijkstra’ s agorithm.
This agorithm begins with a start node and an “open set” of candidate nodes. At each
step, the node in the open set with the lowest distance from the start is examined. The
node is marked “closed”, and all adjacent nodes are added to the open set if they have
not already been examined. This process will repeat until a path to the destination has
been found. Since the lowest distance nodes are examined first, the first time that the
destination is found, the path to it will be the shortest path. More information of the
Dijkstra’s algorithm can be found in Mount (2003) and Cormen, Leiserson, Rivest,
Stein (2009).

Theinformed search

The path finding problem can be solved more efficiently if we have
relevant information, clues or hints, that lead to the preferred solutions. This stated
knowledge constitute heuristic information, therefore, the informed search is aso
called heuristic search. Instead of finding solution blindly as seen in the uninformed
search, informed search uses the known heuristic information to decide whether or not
to explore the current state further. This decision can significantly reduce the amount
of time spent searching before finding the preferred solutions. An analogy in this case
would be a person walking across a room; rather than examining every possible route
in advance, the person would generally move in the direction of the destination and
only deviate from the path to avoid an obstruction, and make deviations as minor as
possible. The popular approach in this category is called the best-first search. It is a
search algorithm which explores a graph by expanding the most promising nodes
chosen in according to a specified rule (the potential best nodes). As these nodes are

visited, an evaluation function is used to estimate their value (in terms of a problem
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solution). Table 2.9 presents some comparisons between the A-Star and Best First

Search methods.

Table2.9 Comparisons between the A-Star and Best First Search methods.

A-Star (A*) Search Best First Search

1. Arisabest first graph search algorithm 1. Best First Search isasimple agorithm of A*.
that finds the |least cost path from a given
initial node to one goal node (out of one or

more possible goals).

2. Heurigtic function of A* searchis 2. Heuristic function of Best First Searchis
F(x) = g(x) +h'(x) F(x) = h'(x)

3. A* iscomplete in the sense that it will 3. Best First Search is greedy and triesto move
alwaysfind a solution if thereis one. towards the goal even if it’s not the right path.

From: Nuntawong (2012).

The widdy-used A* dgorithm is a good example of the best first search
method (Figure 2.7). The A* search (pronounced A-Star) is a variant of the Dijkstra’s
algorithm mentioned earlier. Instead of looking at the distance from the starting node, A*
chooses nodes based on the estimated distance from the start to the finish. The estimate is
formed by adding the known distance from start to a guess of the distance to the goa. The
guess, called the heuristic, improves behavior relative to Dijkstra s algorithm. When the
heurigticis O, A* is equivalent to Dijkstra’s algorithm. As the heuristic increases and gets
closer to the true distance, A* continues to find optimal paths, but runs faster (by virtue of
examining fewer nodes). Whenever the heuristic is exactly the actua distance, A*
examines the fewest nodes. Asthe heuristic increases, A* will examine fewer nodes but it
no longer guarantees an optima path in return. More information about A* search

concept isdescribed in Mordlli (2010), and Nosrati, Karimi, and Hasanvand (2012).
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Genera concept of the A* searching algorithmis as follows:

Evaluation function:

f(n) = g(n) +h(n),

(2.6)
where f(n) = estimated total cost of path from start node through n to goal;
g(n) = cost so far to reach node n; and
h(n) =

estimated cost to goa from node n.
Optimality requirement for A* tree search:
A* needs an admissible heuristic, i.e., 0 < h(n) < h*(n) for al states n,

where h* (n) isthe true cost from n. [Thus h(G) = 0 for any goa G.]

Theorem:

If the optimality requirement is satisfied, then A* tree search never

returns a non-optimal solution (or it will always find the optimal solution).

= fla) =3 + 4
fd)=4+9
= f(b) = 7 + 4
fd) =4+9
= f(c) = 13 + 8
fld)=4+9
= fic) =13 +8
=10 +
A hie)= 4 fle) =10 -4

Green = Start

Blue = Target
r Orange = Visited
h(c)= 8

Figure2.7  Anexample of the A-Star (A*) algorithm.
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2.4 Literaturereview

24.1 Terrain analysis

Due to the importance of terrain analysis on the intelligence preparation
of the battlefield (IPB) process, several anaytic models have been formulated to
facilitate this task. For examples, Richbourg and Olson (1996) designed a software
suite that relies on severa different ideas and methodologies which are combined to
function as an expert system in the domain of terrain analysis to support relevant
tactical planning for small unit operations, e.g., identifying likely enemy courses of
action or selecting the most favorable friendly course of action. This tool had been
developed within the artificial intelligence field with knowledge of the representation
schemes, spatia reasoning technigques, autonomous agent planning methods, rule-
based paradigms, and heuristic search strategies is included and operated. It was
found therein that no single technique in isolation can fully solve the broad problems
of military operations planning. However, a hybrid system where different tools are
combined has proven to be more effective in solving problem of interest.

Also, Kim et al. (1994) formulated and implemented a computerized
tactical terrain analysis system for a battlefield operation whose result can be used to
enhance combat capability of a military unit and efficiency of the weapon system.
This system was mainly designed to create a computer graphics environment in which
the analyst can interactively operate the whole analyzing process like selecting the
area of interest, performing analysis functions, simulating required battlefield
operation and display the analyzed results. Their system was divided into three major
sections; the terrain analysis modules, utilities, and graphic editor. The terrain analysis

module includes surface analysis, line of sight analysis, enemy dispositon, 3D display,
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radar coverage, logistic route anaysis, shortest path analysis, atmospheric phenomena
prediction, automated IPB, and other applied analysis. The integration techniques of
remotely sensed images and GIS-based data such as precision registration, overlay,
and on-line editing was also devel oped and implemented.

Fleming, Jordan, Madden, Usery, and Welch (2009) have applied GIS to
create prototype models for military operations in coastal environment at US Marine
Corps Base Camp Leeune, North Carolina. The ultimate goal is to use developed
models, along with methodologies, to produce large-scale littoral warfare database to
aid the National Geospatial-Intelligence Agency’s littoral warfare analysis, modeling
and mapping as required by the US military organizations. Three basic steps were
done in this work: (1) database preparation; (2) map product design; and (3)
development of GIS applications for littoral operations. The methodology includes
selection of data resources including high resolution satellite images (mainly from the
QuickBird and Ikonos satellites, and Lidar), establishment of analysismodeling
parameters, conduct of vehicle mobility anaysis, development of models and
generation of products (such as a continuous sea-land DEM and geo-visualization of
changing shorelines with tidal levels). It was concluded that this research can provide
examples of improved digital datasets, map products and analysis procedures which
are useful for future Littoral Warfare Database military applications of National

Geogpatial-Intelligence Agency.

24.2 CCM analysis
Although the CCM analysis for military operation is well recognized

among responsible agencies, its published works are still rarely found. For example,
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van Bemmelen et al. (1993) have presented an explicit comparison between vector-
based and severa raster-based algorithms to solve CCM planning problem. It was
found in their work that the raster-based algorithms have severa advantages, i.e., are
relatively easy to implement and perform reasonably well. However, in theory, it is
still not able to provide exact solutions of interest and only approximation of the true
solution is given. On the contrary, the vector-based method can return exact solutions
but its performance is still not satisfactory. Therefore, to improve performances of
both algorithms, a hierarchical approach was created which can be applied in both
vector and raster domain. This method has better performance and the optimal path
solution can be achieved.

Rybansky (2003) synthesized the CCM map with three categories of
vehicle's trafficability: GO, SLOW GO, NO GO, based on knowledge of terrain
properties including surface slope, vegetation cover, surface water, soil conditions;
urban/built-up, lines of communication, other natural and man-made features and
weather condition.

Samruai Khotcharit (2004) has applied GIS to process military terrain
analysis in Kanchanaburi Province. The weight-linear-combination (WLC) method
was used to identify suitable areas for the following purposes. (1) for the military
movement in dry/wet season; (2) for military surveillance; (3) for military file of fire;
and (4) for cover and concealment. Main factors being considered in this research are
as follows: surface slope (1/3); soil (1); vegetation cover (1/2/3/4); transportation (1);
obstacle (1); rainfall (1); and built-up area (1/2/3/4). Numbers in each blanket refer to
category of suitable area addressed earlier. It was found most areas can moderately

support the military movement in both seasons (about 80-90% of the whole area).
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However, the severely restricted area for the movement has risen significantly from
about 9.17% in dry season to 18.79% in wet season. The most suitable areas for
military surveillance, military file of fire, and cover/concealment were found to be
about 35.61%, 33.36%, and 62.39% of the total area, respectively.

Gumos (2005) applied GIS for the modeling of a cross-country
trafficability in South-Eastern Sweden. The task was achieved by the analysis of
reciprocal relationships between the soil deposits, local hydrology, geology and
geomorphology in relation to the study area. The three distinguishable soil wetness
conditions: dry, moist, and wet, were determined, and used consequently for creation
of the static ground conditions map which indicates soils susceptibility to the specific
traffic of interest. The work resulted in a conceptua scheme for cross-country
trafficability modelling, which was put into effect while modeling in GIS. The multi-
criteria evaluation method was used to produce cross-country trafficability maps that
can be used to assess vehicle' s maneuverability in the study area.

Jones, Horner, Sullivan, and Ahlvin (2005) presented a quantitative
method for assessing the environmental impact of terrain/vehicle interactions during
tactical missions for three standard US military tracked/wheeled vehicles over terrain
of both fine-grained and course-grained soils. The NATO reference mobility model
(Vers.2), or NRMM I, was used to predict the vehicle rut depth performance for the
different vehicles and terrain conditions. NRMM 11 is an automated, computerized
model being designed to predict physically constrained interaction of vehicles
operating in an on- and off- road environment. Comparison of the results gained from
various operational conditions, areas, specific missions, traverses, vehicle

combinations, etc., provides initial knowledge of the environmental impact on vehicle
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rutting which is useful for better mission planning, based on the seasonal and climate
conditions. It aso reveals which vehicles cause the minimum amount of
environmental impact.

Suvinen (2005) developed a GIS-based simulation model for the
assessment of terrain tractability and optimal off-road routing for the logging vehicles
operating in the forest. Genera structure of the model is based on an object-oriented
concept that uses the cost surface technique to describe actual conditions in the
terrain. The cost surface is defined as kind of a mobility index which is based on
different factors, e.g., vehicle, wheel, terrain, tree coverage, road, and weather objects.
A regular raster analysis was used to determine alternative routes for off-road
movement in different conditions. It has been shown that the adequate number of
useful parameters can be extracted from national level digita maps to support the
preferred off-road analyses. Due to its GlS-based structure, the model enables
effective sensitivity analyses to be carried out. For examples, effects of the variations
in load, wheels and engine of the vehicle on the model’s solution can be assessed
independently based on the different input of the concerned GIS data, e.g. when load
size differs or the lower tyre pressure is used, etc. This also makes it easier to enter
ready-made objects (e.g. most common tyre types) via the system’ s user interface.

Bacon McDonald, Baker, Caldwell, and Stullenbarger (2008) have
conducted the systematic classification and mapping of terrain property under desert
environment which is related to vehicle's movement in the Sonoran Desert of
Arizona. Methods used in this study comprised office-based terrain mapping using
satellite imagery, field verification of the mapping, compilation of existing soils

information. These data were systematically analyzed and integrated to produce
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differentiated map unit that contributes to a range of terrain property maps. The
anaysis of landform and surface cover (upper 1 m) characteristics was succeeded by
geomorphic mapping based on 1-m resolution IKONOS satellite imagery, 10-m
digital elevation models, pre-existing soil surveys and geologic maps, as well as site-
specific investigations. The results obtained provide an assessment of each chosen test
course (route), including information on the landform, geology, surface materials, soil
type, degree of the desert pavement development, dust content, and percent of slope.
It was concluded that this study presented an example of how to systematically
characterize one vehicle endurance test course that crosses diverse desert terrain at the
study area, and also provided an example of how to make comparisons between that
terrain and other terrain within the World's desert, such as in the country of
Afghanistan.

Affleck, Melloh, and Shoop (2009) conducted a cross-country vehicle
performance analysis on various snow and soil conditions on virtual terrain based on
the North Atlantic Treaty Organization (NATO) Reference Mobility Model (NRMM).
Their main objective was to evaluate whether the terramechanics representation of a
virtual siteisimproved by adding spatially distributed snow and soil properties, rather
than using the uniform properties. It was found that snow cover reduces the speed that
a vehicle can achieve because the mechanical weakness of snow reduces traction and
the presence of snow in front of the tire increases resistance. In addition, the vehicle's
speed will differ significantly depending on the snow depth and density, and speed
predictions using uniform snow cover will not represent accurate results of vehicle

performance.
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Hoskova-Mayerova, Hofmann, Kubicek, and Talhofer (2010) described
an application of the Gl S-based model to construct a simple CCM map for the Czech
Army based on knowledge of some given factors, which are: (1) terrain relief; (2)
vegetation cover condition; (3) soil conditions; (4) meteorological conditions; (5)
hydrology; (6) built-up area; and (7) road network. The impact of each factor can be
evaluated as a coefficient of deceleration “C;” from the scale of 0 to 1. The coefficient
of deceleration shows the real (simulated) speed of vehicle (V) in the landscape
compared to the maximum speed of given vehicle (Vma). The impact of the whole 7

factors can be expressed using the formula:

V(kph) = (ClxCzXCgXC4XC5XC6XC7)VmaX, (27)

where V is the speed of vehicle (in kilometer per hour). By using above formula, they
found that it is possible to create a cost map in which the value of each pixéd is the

final (modeled) speed.

2.4.3 Search algorithm
A* has been applied in Stewart and White (1991) in which they
presented the multiple objective A* agorithm (or MOA*). The research was
motivated by their observation that most real world problems have multiple,
independent, and possibly conflicting objectives. MOA* explicitly addresses this
problem by identifying the set of all non-dominated paths from a specified start node
to the given set of goa nodes in an OR graph. This work shows that MOA* is

completed and is admissible, when used with a suitable set of heuristic functions.
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BFS has been applied by Yun (2002) to analyze dispatching system of
the China Raillway Communication network. This work was used as an integral part of
the intelligent communication network resources dispatching system of China
Railway-Communication Corporation. Main functions of the system focus on two
aspects. One is to collect/classify fundamental data and establish communication
network resources information database. The other is to search paths of links, circuit
between nodes on the basis of the information database. In the system, BFSisused in
the routing process. It was concluded that, though there are several kinds of searching
algorithms, and some are very complex, BFS is considered the best one in the system
when the factors (for example, practical demands, complexity, searching time) are
taken into account.

Y ue and Shao (2007) applied the A* in optimal path searching of urban
traffic. The analysis focuses on the heuristic function of A* search algorithm. Travel
time is adopted to compute path cost in the optimal path search. Because there are
often delays for intersection crossing, travel time includes the road section travel time

and the time of intersection delay. The evaluation function f (n) is given by:

f(n) = g(n) +h(n), (2.8)

where f(n) = estimated travel time from starting node to goa node through node n;
g(n) = actual forecasted travel time from starting node to node n; and

h(n) = estimated travel time from node n to goal node.

It was found that A* algorithm is an effective method in finding the shortest path in

the urban road network with improved speed of the optimum path search.



CHAPTER I11

METHODOLOGY

3.1 Conceptual framework of the study

This work comprises of 4 main parts in accordance with the proposed objectives
described earlier (see flowchart in Figure 3.1). The first part describes the collection
and dataset construction of data necessary for further production of the CCM maps
that can be divided into 2 main categories (see more detailsin Table 3.1):

(1) Vehicleltroop characteristics; these include 6 types of the military combat
units: Standard infantry, Armored infantry, Mechanized infantry, Tank cavalry,
Armored cavalry, and Reconnaissance cavalry.

(2) Terran/LULC characteristics; these include surface configuration (slope),
vegetation cover, surface materials (soil), road network, and water body. All data are
acquired from the responsible agencies.

The second part focuses on the construction of CCM maps for each associated
military unit mentioned above based on Eq. 3.1 (under the wet and dry conditions).
There are 7 major classes depicted in the derived CCM maps as detailed in Table 3.2.
The third part deals with the analysis on capability of the 2 chosen search algorithms,
the breadth first search (BFS) and A-star search, in the identification of the required
shortest and fastest paths on a specific CCM map derived earlier (under the provided

initial state and target state).
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The fina part provides detailed development process of the automatic search
program (to identify shortest path or fastest path on the obtained CCM map) based on

the superior search algorithm identified in the third part.

Terrain analysis of Cross-Country Movement for path finding of combat mobility in military operations

I nput Process Output
Part 1: Data collection and GI S dataset construction
Eactorsdata
1. Road 1. Road
2. Water »| Reclassif 2. Water
3. Slope o eclassly 3. Slope
4. Vegetation 4. Vegetation
5. Sail 5. Sail

Part 2: Construction of the CCM maps

GlSlayers
1. Road
2. Water
3. Slope —l Calculation
4. Vegetation
5. Soil Speed (V) = F1xF2x F3x Fdpn X F5

Combats

CCM map for D
Standard Infantry

l

Part 3: Comparison between the Breadth First Search (BFS) and A-Star search

Superior method

CCM maps

Part 4: Development of the automatic sear ching system

- Data
= Report text,
Application for path finding (Report e

M > ;
CEM maps by using the best method Shortest or fastest
o path maps
(Display + GUI)

Figure3.1  Work flowchart of the research methodol ogy.

3.2 Data collection and Gl S-based dataset construction

The first step of this work is to assemble data necessary for the construction of
preferred CCM maps from responsible agencies. These can be separated into 2 broad
groups (for vehicles/troops and terrain/LULC) as shown in Table 3.1, which are then
systematically organized to be separated GIS-based dataset (or GIS map layer) using
the ArcGIS software. These feature classes shall represent either a factor or a

constraint for further use in the CCM analysis.
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Category Combat unit Chosen vehicle/troop  Datatype Scale Year  Source
Standard infantry Foot troops Attribute - - The 3¢
Army Area
(NMITVNINTTIN)
Armored infantry M113 Attribute - - The 3¢
Army Area
(NMITTIVIIUNTE)
Mechanized infantry M35 truck (2%2Ton)  Attribute - - The 3¢
(NMFTVOUOUA) Army Area
Troop/
Vehicle  Tank cavary Stingray Light Tank Attribute - - The 3¢
Y o Army Area
(M113113099)
Armored cavalry M113 Attribute - - The 3¢
9 Army Area
(NMINUNTIL)
Reconnaissance cavalry ~ Scorpion Tank Attribute - - The 3¢
P Army Area
(NMINANATENIN)
Category Factor class Factor characteristics Datatype Scale Year  Source
Road Road network Polyline 1:50,000 2004 DOH
Water body Water area Polygon/ 1:50,000 2004 MNRE
polyline
. Surface slope Slope area Raster 30x30m 2007 CU
Terrain/
LULC V egetation cover Vegetation type Polygon 1:50,000 2004 RTSD,
Stem spacing/diameter MNRE
Surface roughness
Sail Soil type/strength Polygon 1:50,000 1999 RTSD

Note: CU = Chulalongkorn University, RTSD = Royal Thai Survey Department,

DOH = Department of Highways, MNRE = Ministry of Natural Resources and Environment.

Table3.2 Category for speeds and CCM map units.

Speeds (kph) Basic descriptor CCM Map Unit

>30 Go Go

>15-30 Restricted Go Slow Go

>5-15 Slow Go Slow Go
>15-5 Very Slow Go Slow Go

<15 No Go No Go

- No Go (Open water) No Go

- No Go (Built-up area) No Go

From: USArmy (1990).
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3.3 Construction of the CCM maps

The CCM maps (for each chosen vehicle/troop unit informed in Table 3.1) were

produced based on Eq. 3.1 (Figure 3.2):

V (kph) = F1xF2xF3xF4pwxF5, (3.1

where V isthetraveling speed of vehicle (in kilometer per hour).

Terms F1 to F5 represent key terrain and environmental characteristics of the
study area, where F1 is speed/slope factor; F2 is slope-intercept-frequency (SIF)
factor; F3 is vegetation factor; F4 is soil factor; and F5 is surface roughness factor.
The formulas for the calculation of F1 - F5 factors are given in Table 3.3 and needed
vehicle data are given in Table 3.4. The CCM mapping results are reported separately
for each studied combat unit in both dry (D) and wet (W) seasons.

The obtained cross-country movement (CCM) map, sometimes being referred to
as an avenue-of-approach map, can be used to identify the best routes by which
various troops or vehicles can get to an objective when they cannot use the prepared
roads. It also shows parts of terrain that these troops or vehicles cannot crosswhich is

very important information for the planning of combat strategy.
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Figure3.2  Detailed structure of the CCM map construction.

Table3.3 Information of the formulas used to calculate F1 - F5 factors.

Factor Formula Note
- ili 0, r 0
F1(kph) = Max off- road gradability (%) . .Surfaceslope(/o) x Max road speed (kph):
F1 Max on- road gradability (%6)
Max = maximum, If F1 < 0, F1 =0 (No Go).
F2 F2=(-0.0008888) [slope] +1 —
F3 = Vg xmax(V,,V,); 1.IfVv,<0,V,=0,
2.1fVvy 21,V =1,
V, = Vo xV,: Vv, =D 3.1fF3 > 1,F3=1,
w 4.1f F3 £ 0, F3=0(No Go),
F3 v Py (W+3D) 5. If values of SS/SD are not available,
2 T"op?|” T ss F3=Vg.
Vg = Vegetation roughness factor, V= Vehiclefactor, W = Vehicle width (m),
SS = Stem spacing (m), SD = Stem Diameter (m), OD = Override diameter of the vehicle.
= _RClpw -VCI, 1. 1f F4 < 0, F4 =0 (No Go),
D/W ’
VCl,-VCl, 2.1fF4 > 1,F4=1.
F4
RClp = RCI value for dry condition, RCl = RCI value for wet condition,
VCl; = Vehicle cone index (1 pass), VClsy = Vehicle cone index (50 pass).
F5  F5 = Surface roughness factor (0 - 1) -
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. I nfantr Cavalr
Characteristics FTP M113 3 M35 SLT M 113y scr | Noe
Vehicle width: W (m) - 269 243 270 269 223 F3
Vehicle factor: V¢ - 0.2 0.2 0.2 0.2 0.2 F3
Override diameter of the vehicle: OD (m) - 0.1 0.06 0.1 - F3
Maximum road speed (kph) - 48 56 69 48 724 F1
Maximum on-road gradability (%) - 60 64 60 60 60 F1
Maximum off-road gradability (%) - 45 30 40 45 45 F1
Vehicle coneindex 1 pass: VCl, - 17 30 23.6 17 13.5 F4
Vehicle cone index 50 passes. VClsg = 40 48 54.4 40 32.3 F4

Note: 1. FTP =Foot troops, SLT = Stingray Light Tank, SCT = Scorpion Tank, kph = kilometers/hour.
2.V = The response of drivers when approaching wooded areas.
3. F1 = Speed/d ope factor, F3 = Vegetation factor, F4 = Soil factor.

Modified from USArmy (1990); and RTSD Map Center (1997).

Details of main factors seen in Eq. 3.1 and Table 3.3 are as follows:

3.3.1 Determination of the speed/slope factor (F1)

The speed/slope factor (F1) was computed from the following equation:

Max off- road gradability (%) — Surfaceslope (%)

F1(kph) =

Max on- road gradability (%)

x Max road speed (kph), (3.2)

where Max = Maximum. Values of the vehicle-related parameters presented in this

equation are listed in Table 3.4. Principally, the F1 factor indicates the extent that any

slope will deteriorate speed of a given combat vehicle without consideration for any

other physical factor. Examples of the F1 values for surface slopes of 0O, 10, 20, 30,

40, and 50% for all vehicleslisted in Table 3.1 are shown in Table 3.5. Note that, the

negative values of F1 indicate the No Go areas and they are represented by F1 =0 on

the reported map for convenience.
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Table3.5 Examplesof the F1 values at different values of the surface slope.

Surface dope F1 (Infantry) (kph) F1 (Cavalry) (kph)

(%) FTP M113 M35 SLT M113 SCT
0 - 36.00 26.25 46.00 36.00 54.30
10 - 28.00 17.50 34.50 28.00 42.23
20 - 20.00 8.75 23.00 20.00 30.17
30 - 12.00 0.00 11.50 12.00 18.10
40 - 4.00 -8.75 0.00 4.00 6.03
50 - -4.00 -17.50 -11.50 -4.00 -6.03

Note: 1. FTP = Foot troops, SLT = Stingray Light Tank, SCT = Scorpion Tank.
2.The negative values of F1 are represented by F1 = 0 on map (No Go).

3.3.2 Determination of the SIF factor (F2)
The slope-intercept-frequency factor (SIF) is the number of times that
ground surface changes between positive and negative slopes over a 1 km distance.

And, as guided by the US Army (1990), the F2 value can be calculated as follows:

280 — SIF count (adjusted)
Y : (3.39)

F2 =

However, measuring the SIF value on the topographic map, or in the field, is usually
an extremely time-consuming task. Therefore, the following formula was modified to

find the F2 value from the surface slope value directly:

F2 = (-0.0008888) [slope] + 1. (3.3b)

This relation was achieved based on standard values of F2 at different
ranges of the surface slope recommended by the Royal Thai Survey Department

(Table 3.6). The detailed derivation of thisformulaisillustrated in Figure 3.3.
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Table3.6 Examplesof the F2 values at different values of surface slope.

Slope range (%) 0-3 3-10 10-20 20-30 30-45 > 45
Given F2 value 1.0 0.99 0.98 0.97 0.96 -

From: RTSD Map Center (1997).
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Figure3.3  Thederivation of Eg. 3.3b for the F2 calculation.

3.3.3 Determination of the vegetation factor (F3)
The vegetation factor (F3) indicates impact of vegetation characteristics
(type, density, or distributing pattern) on the mobility of vehicle movement. This can

be found from the following formula (using the larger value of V1 or V2):

F3 = Vg xmax(V,,V,), (3.49)

V1= V. x Vg V. = ﬂ, (3.4b)
W
. SD? _ (W+SD)
v2=1 {VT XODZ} V; < (3.4¢0)



where Vg is the vegetation roughness factor (expressed in Table 3.7); Ve is the
vehicle factor (0.2 for wheeled and tracked vehicles without trailers as detailed in
Table 3.4), SS and SD are stem spacing and stem diameter (aslisted in Table 3.7); W

isvehicle width (Table 3.4), and OD is override diameter of the vehicle (Table 3.4).

Table3.7 Information of the vegetation factor data

Stem Stem Vegetation
ID LULC class Diameter  spacing  Roughness
(SD) (M) (S (M) (Vr)
Al  Agriculture (dry crops) Null Null 0.85
A2  Agriculture (wet crops/rice) Null Null 0.90
A3 Agriculture (terraced crops both wet/dry) Null Null 0.90
C32 Coniferous/Evergreen forests 0.06 1.50 1.00
E22 Mixed forest 0.05 2.00 0.90
Fruit bearing trees (orchard/plantation)
F12 (1: Canopy closure=0- 25 %, 2: Height =2 -5m.) 0.05 5.50 0.70
Fruit bearing trees (orchard/plantation)
Fal (1: Canopy closure = 25 - 50 %, 2: Height =0 - 2 m.) 0.04 5.00 1.00
Fruit bearing trees (orchard/plantation)
F22 (1: Canopy closure =25 - 50 %, 2: Height =2 -5m.) 0.08 3.00 0.80
G2  Grassland with scattered trees/some scrub Null Null 0.85
X Built-up areas Null Null 0.30

Note: Null = Data are not available.

From: RTSD Map Center (1997).

In general, if values of SS or SD are not available (for the non-forest types), the
F3 is approximated from relation: F3 = Vg (no need for the calculation of V1 or V2).
The V1 factor is the product of two terms: the vehicle factor (V) and the vehicle
clearance factor (V). The Vg accounts for the response of drivers when approaching
wooded areas while the V¢ accounts for the physical ability of a vehicle to maneuver
between tree stems in wooded area. If V¢ < 1then V1 =0. AsV;must be between O -

1, therefore, if V1<0thenV1=0andif V1>1thenV1=1.
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In addition, the V2 factor is used to determine if it would be easier for the
vehicle to override the trees rather than maneuver between them (as accounted for by
the V1 factor). The V+ portion of the formulais used to cal culate minimum number of
trees a vehicle can hit a one time. If V1 < 1then Vs =1and if SD > OD then V2 = 0.
Also, if V2 < 0then V2= 0. However, if V2 factor cannot be calculated (as OD value
is not known), V1 factor will be chosen for the use in Eg. 3.4a automatically. To keep

F3 varying between 0to 1, if F3> 1then F3 =1 and if F3 < 0 then F3 = 0 (No Go).

3.34 Determination of the soil factor (F4)
The soil factor informs on the impact of the soil characteristics on
vehicle's mobility. The analysis is usually separated into dry (D) and wet (W)
conditions. The calculation of F4 shall determine if a particular soil type will support
the vehicular movement and to what extent the speed will decrease due to that soil
type. The dry-soil factor (F4p) and wet-soil factor (F4y) can be computed as follows:

4 _ RCloy -VCI, G5)

oW e, -val,
where RCI is the rating cone index widely used to represent proportion of the original
soil strength retained after the given vehicles have passed over the area (US Army,
1990). The larger RCI indicates stronger soil, and VCI is the vehicle cone index
which is a value assigned to a given vehicle for a given number of passes. The US
Army has used VCI as a performance indicator of the referred vehicles to traverse
over soft-soil terrain. The VCI is defined as the minimum soil strength necessary for

self-propelled vehicle to consistently conduct a given number of passes in the track
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without going immobilized. The usual testing focused on finding VCI for cases of 1
and/or 50 passes (VCI; and VClsp) (Priddy and Willoughby, 2006).

The RCI values for the relevant unit of soil groups are provided in Table
3.8, while the VCI values for all considered vehicles are shown in Table 3.4. For
example, VCI for 1 and 50 passes of M113 (infantry) is 17 and 40, respectively.
Comparison of the RCI with the VCI indicates whether the vehicle can travel through
the given soil condition for a prescribed number of passes. In generd, if the VCI for a
considered soil layer exceeds the corresponding RCI, that soil is not trafficable for the
specified number of passes of that particular vehicle; otherwise the soil is trafficable
under the described circumstances. For example, if soil has the RCI value of 30,
therefore, it is not trafficable for vehicles with VCI values greater than 30 (at a given

number of passes). The F4 is calculated from Eg. 3.5. Note that, if F4> 1then F4 =1

and if F4 <0 then F4 =0 (No Go).

Table3.8 RCI datafor different soil units.

Sail Tvpe RCI Soil Tvoe RCI

unit 7P Dry Wet unit P Dry Wet
Gravel or Sandy

GW Gravel, Well Graded 163 83 CL Clays 123 40
Gravel or Sandy L

GP Gravel, Poorly Graded 160 81 OL  Organic Silts 111 3

GM  Gravel, Silty 120 32 MH  Inorganics elastic silts 114 8
Gravel or Sand Gravel,

GC Clayed 130 52 CH Fatclays 136 62

SW  Sand, Well Graded 155 78 OH  Fat organic clays 107 1

SP  Sand, Poorly Graded 145 73 PT  Highorganic soilsor peat 106 0

SM  Sand, Silty 119 25 RK  Rock outcrops 165 165

SC  Sand, Clayed 126 46 NE  Not evaluated Null  Null

ML  Silts 118 20 w Open Water 0 0

Note: The grey highlight isfor existing soil unitsidentified in the study areaasillustrated in Figure 4.3.
From: USArmy (1990).
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3.3.5 Determination of the surface roughness factor (F5)
The surface roughness factor depends on surface materials and its values
range at O - 1. Normally, lower value indicates higher impact on vehicle trafficability

over that surface. The relevant F5 values applied in this study are shown in Table 3.9.

3.3.6 Creation of the CCM maps

Eventually, the CCM maps for each specified vehicles can be generated

by using Eq. 3.1 and knowledge of the relevant factors (F1 to F5) described earlier.

Table3.9 Information of the surface roughness factor data.

Estimated surface roughness factors (F5)

Map Unit

39 Digit Description Medium/  Large Small Small
(37 Digit) large  wheded Whesled Tracked
tanks vehicles  vehicles vehicles
0 No Data null null null null
1 No surface roughness effect 1.00 1.00 1.00 1.00
2 Stony soil with scattered surface rock 0.90 0.90 0.80 0.85
3 Stony soil with large rocks 0.70 0.70 0.70 0.70
4 Areawith avariety of soils and landscapes 0.50 0.50 0.50 0.50
5 Disturbed areas (quarry, mining and 0.20 0.20 0.20 0.20
excavations)
6 Area of high landslide potential 0.00 0.00 0.00 0.00

Note: 1. Surface roughness factors are indicated with 0.00 having maximum effect and 1.00 having no impact
on CCM.
2. Thisschemaisan RTSD modification of the Defense Mapping Agency (DMA) standard.

From: USArmy (1990).
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3.4 Comparison between the breadth first search (BFS) and A*

search

This context presents the analysis on capability of two chosen search agorithms,
the breadth first search (BFS) and A-star (A*) search, in the finding of the preferred
shortest and fastest paths on a generated CCM map (under the provided initial state
and target state) (see algorithm in Figures 3.4a and 3.4b). Algorithms for both
methods are illustrated in Figures 3.5a and 3.5b, respectively.

As described in Section 2.3.2, the mgjor difference between these two methods
isthe use of heuristic function in the A* technigue [function h(n) in EQ.2.6] but not in
the BFS techniques. For the BFS, it searches possible solution from the initial state
breadth-wise, level by level without any prior hints or assumptions. In the process, it
shall explore al states in one level before jJumping to the next level. Once the solution
is found the search stops. On the contrary, integration of the heuristic function, in
theory, leads to fewer nodes to be explored and less processing time being used to
complete the required search for the A* when compared to the BFS.

To examine capacity of the two chosen algorithms, BFS and A*, in determining
the shortest or fastest paths of interest, four specific details of their performances, or
quality indices, were compared (under the same situation) which are:

(1) Completeness;,

(2) Space complexity;

(3) Time complexity; and

(4) Optimality.

More details of each index are given in Table 3.10.



Table3.10 Performance criteriafor the BFS and A* search algorithms.
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Performancecriteria

Details

1. Completeness

2. Space complexity

3. Time complexity

4, Optimality

Ability to find its specific solution if one exists.
Amount of the memory in use (to find solution).

Amount of the processing time in use (to find solution).

Ability to find the right solution of interest (shortest/fastest path).
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Figure3.4a Algorithm for the determination of shortest path on agiven CCM map.
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Figure3.4b Algorithm for the determination of fastest path on agiven CCM map.
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Figure3.5a Work flowchart of the Breadth First Search (BFS) algorithm.
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Figure3.5b Work flowchart of the A* search agorithm.
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3.5 Development of the automatic sear ching system

The fourth part is to use the superior searching algorithm found in Section 3.4
(BFS or A*) to develop automatic path finding program caled “CCM4CM” operating
system. To achieve this, the database system was established by the Microsoft Access
2007 and user interface was utilized with Microsoft Visual Basic 2010. Conceptual
work flowchart of the program is as shown in Figures 3.4 and 3.5 for each candidate
search algorithm respectively. Main outputs of the system are the preferred paths

(shortest or fastest condition) over agiven CCM map of the interested area.

3.5.1 Main componentsof the system

There are 3 main components of the designed system.

(1) Administrative component

This component contains information of all users of the system that can
be divided into 2 main groups: administrators and general users. An administrator is a
set-up account that has full control of the operating system and can assign basic rights
or access level into the system for genera users. In contrast, the genera users have
been granted only specific permissions and level of access to use the system. An
administrator account is used to make systematic changes to the system, such as:

(a) Creating or deleting user accounts (general users);

(b) Creating or changing account passwords for the general users;

(c) Modifying or running the operating system; and

(d) Managing or modifying databases needed for the system’s operation.



At present, the genera users have restricted right only to run the system
based on the prepared input data and choices of working modes available (see Figure

3.6 for more details).

Login d

Path type data

Season data

Duration data

{ombat data

Londition data

Permission data

Fank d

User data ‘ Path data
0 W v

Administrator PATH FINDING SYSTEM OF User
COMBAT MOBILITY IN
L MILITARY OPERATION
Updated uscr dala4* A jk A ‘ Combat data
Updated rank data—— Duration dat.
——Ipdated permission data———— Season data
Updated Condition data4——8M8 L ondition data
Updated combat data
Updated duration data
Updated season data

Updated path type data
Figure3.6  Context diagram showing rights to access and modify system’'s

database of the administrators and general users.

(2) Operating component

This component contains operating codes or commands to find possible
solutions of the preferred tasks (determination of the shortest or fastest paths under
given criteria). The two algorithms in use here (to carry out the stated tasks) are BFS
and A* where their processing concepts of are described in Figures 3.5a and 3.5b
respectively. Flow diagrams of the data used in the operation are depicted in Figures

3.7 - 3.11. The relevant data dictionary is shown in Section 3.5.3.
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(3) Graphic user interface component

This component contains the accessing interface that separates
administrators from general users based on the set-up account and password (Figure
3.12) and the graphic user interface that gives users opportunities to select initia
conditions of the processing of interest (Figure 3.13), for examples, type of the
preferred route (shortest/fastest), type of combat unit (as stated in Table 3.1), time
(day/night), season (dry/wet), and start/end positions. Results of the processing will be
reported as continuous lines on map and specific details of the identified routes given
in text, e.g. total length, travelling time (Figure 3.13). Table 3.11 compares rights of

administrator and general usersin using the constructed system.

gz X

Anag snLan

Figure3.12 Graphic user interface of the system.

Table3.11 Comparison of rights of the administrator and general user accounts.

User Database Running Producing
Type of user
management  management thesystem  output report
Administrator v v v v

General user - - v v
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Figure3.13 Structure of the output graphic user interface.

3.5.2 Hardwareand software components
The aforementioned system was established based on the hardware and
software components listed in Tables 3.12 - 3.14. The used hardware specifications
are listed in Table 3.12 while suggestions on proper specification of the hardware
components are detailed in Table 3.13. Table 3.14 lists actual software componentsin

use in the study.

Table3.12 Hardware specifications used in the study.

Component Specification

CPU Intel® Core™ i5 - 2410 M Dual-Core Processor
Harddisk 500 GB 7200 rpm SATA Hard Drive

RAM DDR3 SDRAM at 1333 MHz 4 GB

Graphics Card AMD Radeon HD 6630 M With 1 GB VRAM

Operation System Windows 7
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Table 3.13 Minimum and suggested specifications of the suitable hardware.

Specification CPU Harddisk RAM Operation System

L Windows X P Professional Service Pack 3
Minimum 220GHz =22GB 21GB Windows Vista Service Pack 2, Windows 7
Suggested >26GHz =>20GB >2GB Windows7

Table 3.14 Software components used in the study.

Category Software

Operation System Microsoft Windows 7 Ultimate

Database Management System Microsoft Access 2007

Programming Microsoft Visual Basic 2010

GI S Software ArcGIS9.3.1, MapWinGIS
Preparing/presentation data Microsoft Office 2007, Microsoft Visio 2007

3.5.3 Database schema diagram and data dictionary
The relevant database schema diagram and data dictionary of the
established system stated in Section 3.5.1 are shown in Figure 3.14 and Tables 3.15a -

3.15j, respectively.
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Figure3.14 Database schemadiagram.

Table3.15a List of the associated data.

Permission_name
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No. Tablename Description

1. USER User data

2. RANK Rank data

3. PERMISSION Permission data
4. CONDITION Condition data
5. COMBAT Combat data

6. DURATION Duration data
7. SEASON Season data

8. PATH TYPE Path data

0. LOGIN Login data




Table 3.15b Details of the USER data.
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Field name Description Datatype Size Key
User _ID User code Integer 2 PK
Rank_ID User rank Integer 2 FK
Firsthame User name Text 50
Lastname User last name Text 50
Permission_ID User permission code Integer 2 FK
Unit User unit Text 50
Username User account Text 50
Password User password Text 50

Table 3.15¢ Details of the RANK data.
Field name Description Data type Size Key
Rank _ID Rank code Integer 2 PK
Rank_name Rank name Text 50

Table 3.15d Information of the COMBAT data.
Field name Description Datatype Size Key
Combat_ID Unit code Integer 2 PK
Combat _nameTh  Unit name (Thai) Text 50
Combat _nameEng  Unit name (English) Text 50

Table 3.15e Details of the LOGIN data.
Field name Description Datatype Size Key
Login _No Login number Integer 2 PK
User ID User code Text 50 FK
Login_time Login time Data/Time
Logout_time logout time Data/Time




Table 3.15f Details of the PERMISSION data.
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Field name Description Datatype Size Key
Permission_ID Permission code Integer 2 PK
Permission_name Permission name Text 50
Table 3.15g Details of the CONDITION data.
Field name Description Datatype Size Key
Condition_ID Condition code Integer 2 PK
Condition_name Condition name Text 50
Table 3.15h Details of the DURATION data
Field name Description Datatype Size Key
Duration_ID Duration code Integer 2 PK
Duration_nameTh  Duration name (Thai) Text 50
Duration_nameEng Duration name (English) Text 50
Table3.15i Details of the SEASON data.
Field name Description Datatype Size Key
Season_|D Season code Integer 2 PK
Season_nameTh Season name (Thai) Text 50
Season_nameEng Season name (English) Text 50
Table3.15] Detailsof the PATH TY PE data.
Field name Description Datatype Size Key
PathType ID Path type code Integer 2 PK
PathType nameTh  Path type name (Thai) Text 50
PathType nameEng Path type name (English) Text 50




CHAPTER IV

CONSTRUCTION OF THE CCM MAPS

This chapter reports results of the CCM map derivation detailed in Chapter 3.
These include data collection, GIS dataset construction, and resulting CCM maps for

each combat unit of interest, respectively.

4.1 Resaultsof data collection and GI S dataset constr uction

Collected datawere divided into 2 groups.

411 Combat unit

At present, the Royal Thai Army (RTA) has been divided into 13 corps
with different missions and functions (e.g., infantry, cavalry, artillery, engineer,
medical). Among these, the main two corps that have direct functions relating to the
combat are infantry and cavalry. As a consequence, these are a prime interest of the
study in which only main vehicles of each combat unit are considered as follows:

(1) Infantry

The infantry is the main land combat force and core fighting strength of
the army. For the RTA, there are three main types of the infantry:

(@) Standard infantry

Standard infantry are not equipped with armored vehicles, and trained

specifically to fight on foot to engage the enemy face to face.
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(b) Armored infantry

Armored infantry are equipped with warrior armored personnel carriers
(APC), or infantry fighting vehicles (IFV). They can be tracked or wheel vehicles that
are able to deploy for troop transportation and combat. The main vehicle being chosen
for this study isthe M113 APC (Figure 4.1a).

() Mechanized infantry

Mechanized infantry are equipped with the transport armored personnel
carrier, or cargo trucks, for the transportation of troops and military supplies. Example
of the vehicle chosen for this study is M35 truck (Figure 4.1b).

(2) Cavalry

Originally, cavalry were troops trained to fight on the horseback (horse
cavalry). Nowadays, they become a highly mobile army unit using motor vehicles,
e.g., light armor or helicopters. There are three main cavalry unitsin the RTA:

(@) Tank cavalry

The main missions of this unit are to operate and destroy the enemy with
artillery tanks. The vehicle selected for the study is Stingray tank (Figure 4.1c).

(b) Armored cavary

The armored cavalry began to replace horse cavalry in most armies after
the First World War. It differs from the regular armor units in that the main armored
fighting vehicles (AFV) were armored or scout cars, with some light or medium tanks
or infantry in trucks rounding out the unit. Main vehicle chosen for this study isM113.

(c) Reconnaissance cavary

The unit is responsible for exploring beyond areas occupied by friendly

forces to obtain information about enemy forces or features of the field environment.
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A reconnaissance vehicle, also known as a scout vehicle, is amilitary vehicle used for

forward reconnaissance and one to be studied here is the Scorpion tank (Figure 4.1d).

(d) Scorpion tank

Figure4.1  Type of the main vehicles chosen for each considered military unit

listed in Table 4.1: (a) M113; (b) M35 truck; (c) Stingray tank; and (d) Scorpion tank.

Characteristic of the aforementioned vehicles stated earlier are as summarized in

Table 3.4.

4.1.2 Data preparation process and products
The factors involved include surface slope, soil, vegetation cover, water

and transportation. The relevant details are seen in Tables 4.1 and 4.2. Characteristics
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or format of all gained data were examined and transformed to be in required format
for the use in the CCM map derivation process (in form of the GIS data layers and
.dbf files). The main process also includes the clipping and converting polygon or
polyline into 30 x 30 metersraster cells.

(1) Surface slope

The dlope data covering the whole study area were prepared by
Department of Survey Engineering, Chulalongkorn University at scale of 1:50,000
(Figure 4.2). Slope levels have significant impacts on the military operations,
especialy, the slowed-down movement of vehicles on the steep slopes.

(2) Sail

The data were modified from origina data gained from the RTSD at
scale of 1:50,000 using the Unified Soil Classification System (USCS) (Figure 4.3).
Type of soil can limit maximum possible speed for mobility of the combat unit but the
magnitude of this effect will be different for different vehicles. For example, atracked
vehiclewill perform better in “soft” soils such as sand than a wheeled vehicle will.

(3) Vegetation cover

These data were classified by RTSD and rechecked by MNRE (Figure
4.4). Vegetation can significantly influence military tactics, decisions, and operations,
notably the natural concealment or effective movement of troops and vehicles.

(4) Water

These data were acquired from the MNRE and had been separated into
two seasons, dry and wet (Figures 4.5a and 4.5b). Location, size and form of surface
water features (rivers, streams, etc.) can affect the cross-country movement, notably

to limit or enhance troop or vehicle movements.


http://en.wikipedia.org/wiki/Unified_Soil_Classification_System�
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Table4.1 Datalayersappliedinthe present study.
Data Layer Data Type Scale Source Y ear
Slope Raster 30x30m. CuU 2007
Soil Polygon 1:50,000 RTSD 1999
V egetation cover Polygon 1:50,000 RTSD, MNRE 2004
Water Polygon, Polyline  1:50,000 MNRE 2004
Road Polyline 1:50,000 DOH 2004

Note: CU = Chulalongkorn University, RTSD = Royal Thai Survey Department.
DOH = Department of Highways, MNRE = Ministry of Natural Resources and Environment.

Table4.2 Specific sub-classes of the terrain/LULC category (grid-based structure).

Factor Sub-classes Output maps Remark
%‘caces"’pe 0-3,3-10,10-20,20-30,30- 45, >45  Fig. 4.2 for F1, F2
Sail (group)  Fat clay (CH), clay (CL), silt (ML),
(Uscs rock outcrop (RK), sand/silty (SM), Fig. 4.3 for F4, F5
system) poorly-graded sand (SP)
Dry crops, wet cropsirice, terraced crops,
i built-up area, coniferous/evergreen forest,
Vegetation P . g _ Fig. 4.4 for F3
(type) grassiand with scattered trees, mixed forest
(coniferous/deciduous), orchard/plantation
Dry season [Fig. 4.5(3) 1 (No Go),
Waterbody |\ (1), No water (0) y [ .9 (a)] ( )
(0/1) Wet season [Fig. 4.5(b)] 0 (Go)
Dry season [Fig. 4.6 1(Go),
Road Road (1), No roed (0 y [Fig- 46(@] 1 (Go)
(0r1) Wet season [Fig. 4.6(b)] 0 (No Go)

(5) Transportation

These data were obtained from the DOH and had been separated into

two seasons, dry and wet (Figures 4.6a and 4.6b). These consist of al highways,

railways, waterways over which the troops or supplies can be moved over. The
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importance of the data depends on nature of the military operation involved.
Trafficability in cross-country movement is greatly influenced by the availability of
road or railway network of the area. A well-paved road can support the speeds close
to the maximum, but in the cross-country mobility, maximum theoretical speed of any

listed vehicleis reduced by the encountered environmental factors along the path.
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4.2 Resaultsof the CCM factor construction

The CCM maps (for each chosen vehicle/troop unit mentioned in Table 3.1)

were produced based on relationship given in Eq. 3.1:

V (kph) = F1xF2xF3xF4pwxF5, (3.1

where F1 to F5 represent key terrain and environmental characteristics of the study
area, F1 is speed/slope factor, F2 is slope-intercept-frequency (SIF) factor, F3 is
vegetation factor, F4 is soil factor, and F5 is surface roughness factor. The formulas
used to calculate F1 to F5 factors are given in Table 3.3 and needed vehicle data are
givenin Table 3.4 and Figures 4.2 - 4.6.

Figures 4.7a - 4.7d present the derived F1 maps (speed/slope factor) for the
M113, M35, Stingray and Scorpion vehicles, respectively. The obtained F1 values on
each map were divided into 3 categories: No Go (0 - 1.5 km/hr), Slow Go (1.5 - 30
km/hr), Go (> 30 km/hr). 1t was found that, for all four vehicles stated above, their Go
areas mainly concentrate on the rather flat portion of the district on the western side,
e.g. areas with slope 0 - 3%, while the No Go areas situate mainly along high slope
areas (mountainous region) on the middle and eastern parts of the district with the
Slow Go areas distribute in-between. Among the four considered vehicles, the
Scorpion tank can attain the highest moving speed in the area (regarding to the found
maximum F1 values) at about 54.29 km/hr (Figure 4.7d) while the M35 truck cannot
move faster than 30 km/hr (Figure 4.7b). Note that, the potential maximum speed for
each type of the vehicle occurs when surface slope equals zero (in Eq. 3.2) and the

results are as seen in Table 3.5 (for surface slope = 0).
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The dope-intercept-frequency factor (SIF), or F2, is the number of times that
ground surface changes between positive and negative slopes over a 1 km distance
that can be calculated by using Eq. 3.3b (as recommended by the RTSD guideline for
Thailand). The computed F2 map for the study areais illustrated in Figure 4.8 where
the highest values concentrate mostly on the western side of the area (due to low
surface slope) and lower values appear mostly on the middle and eastern regions of
the study area. Note that, as the defined F2 values depend directly on values of the
surface slope (Eqg. 3.3b) which is similar to those of the F1 values (Eq. 3.2), therefore,
both maps resemble each other very much.

The vegetation factor (F3) indicates impact of vegetation cover characteristics
(type, density, or distributing pattern) on the mobility of vehicle movement and can be
calculated from equations 3.4a - 3.4c. In principle, values of F3 can be between 0 - 1
where 0 means high impact of the vegetation factor on the CCM movement (speed) of
the specified vehicles (No Go) and 1 mean no impact arises. Table 4.3 and Figures
4.9a - 4.9d presents values of F3 for different vehicle and vegetation types (as stated in
Table 3.7).

As seen in Table 4.3, the F3 values depend significantly on both the preferred
vehicle type and the relevant vegetation type. The highest values for al listed vehicles
were found at 0.90 (A2/A3 classes) and 0.85 (A1/G2 classes). In general, the M113

has highest F3 valuesin all other vegetation types and Stingray tank has the lowest.
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Table4.3 F3vauesfor each vehicle type regarding to different vegetation type.

F3 values
Vehicletype
Al A2 A3 C32 E2 F12 F21 F22 G2 X
M113 085 090 09 034 059 052 084 029 08 030
M35 085 09 09 012 014 031 041 019 08 030
Stingray 085 09 09 011 013 028 037 018 08 030
Scorpion 085 090 09 013 015 034 044 021 08 030

Note: Al = Agriculture(dry crops), A2 = Agriculture (wet cropsrice), A3 = Agriculture (terraced crops both wet/dry),
C32 = Coniferous/Evergreen forests, E22 = Mixed forest,
F12 = Fruit bearing trees (orchard/plantation) (1: Canopy closure = 0-25%, 2: Height = 2-5m.),
F21 = Fruit bearing trees (orchard/plantation) (1: Canopy closure = 25-50%, 2: Height = 0-2 m.),
F22 = Fruit bearing trees (orchard/plantation) (1: Canopy closure = 25-50%, 2: Height = 2-5m.),
G2 = Grassland with scattered trees/some scrub, X = Built-up areas.
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The soil factor (F4) indicates impact of soil characteristics on vehicle’s mobility.
The analysis is separated into dry (D) and wet (W) conditions and the calculation is
based on Eq. 3.5. Results of F4 for each vehicle type (for dry/wet season) are
displayed in Table 4.4 and Figures 4.10 and 4.11a - 4.11d (for each soil type depicted

in Figure 4.3).

Table4.4 F4valuesfor each vehicle type regarding to different soil type.

F4 values
Vehicletype Season
\cietyp CH1 CL1 ML1 RK3 RK6 SM1 SPl
i1a Dry 1 1 1 1 1 1 1
Wet 1 1 013 1 1 03 1
3 Dry 1 1 1 1 1 1 1
Wet 1 05 O 1 1 0 1
Sirera Dry 1 1 1 1 1 1 1
grey Wet 1 05 0 1 1 005 1
Soorsion Dry 1 1 1 1 1 1 1
P Wet 1 1 035 1 1 061 1

Note: CH1 = Fat clays (no surface roughness effect), ML1 = Silts (no surface roughness effect),
CL1 = Agriculture (wet crops/rice) (no surface roughness effect),
RK3 = Rock outcrops (Stony soil with large rocks), RK6 = Rock outcrops (Area of high landslide potential),
SM1 = Sand, Silty (no surface roughness effect), SP1 = Sand, Poorly Graded (no surface roughness effect)

The F4 value shall determine if a particular soil type will support the vehicular
movement and to what extent the speed will decrease due to that soil type. In general,
dry soil can afford the CCM movement of a vehicle much better than the wet soil (as
seen from the RCI values shown in Table 3.8). For examples, the RCI values for clays
(CL) in dry and wet seasons are 123 and 40, while for the silts (ML) are 118 and 20,
respectively. As aresult, the F4 values for a specified vehicle are usually much higher
in dry season than in wet season in amost al soil types (Table 4.4). In dry season,
rock, sand and gravel can support the CCM movement the best while in wet season,
rock and gravel can do the best. Note that, as in dry season the RCI are higher than

VCls in al considered vehicles, therefore, F4 shall aways become 1 (Figure 4.10).
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The surface roughness factor depends on surface materials and its values range
at 0 - 1 where alower value indicates higher impact on the vehicle trafficability over
that surface (reducing speed). The F5 values applied in this study are shown in Table
3.9 (and Figure 4.3) while the F5 map (for al studied vehicles) is displayed in Figure
4.12. Here, only three types of the relevant surfaces were identified:

(1) Surface with no roughness effect (F5 = 1) - mostly found on the western side
due to the abundance of natural flat terrain;

(2) Stony soil with large rocks (F5 = 0.7) - only few areas found; and

(3) Area of high landslide potential (F5 = 0) - mostly concentrate on the middle

and eastern sides of the areawhich is dominated by the steep mountainous terrain.

4.3 Resultsof the CCM map construction

The obtained maps of the CCM factor for each concerned vehicles and troop
unit can be used to create their CCM maps following Eqg. 3.1 and results are shown in
Figures 4.13 - 4.18 (dry/wet season), respectively. Table 4.5 shows covering area of
the three classes of the traficability: No Go (0-1.5 km/hr), Slow Go (1.5 - 30 km/hr),
Go (> 30 km/hr), for the chosen troop unit and vehicle types (foot troop, M113, M35,
Stingray and Scorpion). It is noted that, the vehicle’'s maximum speeds on road (in

Table 3.4) were adso included in the resulted CCM maps calculated from Eg. 3.1.

4.3.1 Standard infantry (foot troops)
For the standard infantry (foot troops), they can move past most terrains

well in both dry and wet seasons except over the few specified No Go areas (water
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body) (Figure 4.13). The standard velocities of the movement are 4 km/hr during

daytime and 2 km/hr during nighttime, respectively.

Table4.5 The covering areaof three traficability classes: Go, Slow Go, No Go.

Traficability Covering area (%)
dlass Infantry troop M113 M35 Stingray Scor pion
Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet
Go 9898 9696 629 502 232 216 1648 331 1818 11.04
Slow Go - - 3199 31.60 3316 1661 21.19 2233 1999 2576
No Go 102 304 6172 6338 6452 8123 6233 7436 6183 63.20

4.3.2 Armored infantry/cavalry (M113)

For M113 (Figures 4.14a and 4.14b), their Go areas were mainly found on
the western side of the district due to the rather flat terrain of the areathat is suitable for
the CCM movement, e.g. area with surface slope of 0 - 3% (Figure 4.2). On the
contrary, the No Go areas notably situate within the mountainous region in the middle
and eastern parts due to the high surface dope and the proneness to landdliding of the
areas. In addition, the Slow Go areas were found distributing in-between the Go and No
Go areas. The M113's CCM maps look very similar in both wet and dry seasons with
covered area of about 5 - 6% for the Go class, 31 - 32% for the Slow Go class, and 61 -
63% for the No Go class. This indicates that the M113 can travel comparably well in

both seasons with the combined Go and Slow Go areas of about 36 - 38%.

4.3.3 Mechanized infantry (M 35)
For M35 trucks (Figures 4.15a and 4.15b), pattern of their CCM map in

dry season is rather similar to that of the M113 map with Go area at about 2.32%,
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Slow Go area about 33.16% and No Go area about 64.52% (Table 4.5). However, the
Slow Go areais dropped significantly to about 16.61% in wet season while the No Go
area is increased to be 81.23%. This indicates that the traficability of M35 is quite
limited in the wet season compared to dry season with the combined Go and Slow Go

areas at about 18.77% of the total study areaonly.

4.3.4 Tank cavalry (Stingray)

For Stingray tank (Figures 4.16a and 4.16b), their GO areain dry season
is notably higher than those of the M113 and M35 (about 16.48%) while Slow Go
drops to be about 21.19% and the No Go maintains at about 62.33%. However, the
Go area is sharply lost to be at 3.31% only in wet season while the Slow Go areais
dlightly increased to be about 22.33% and the No Go area is arisen to be at about
74.36%. The relatively high Go area in dry season might be due mainly to the
maximum road speed of about 69 km/hr of the vehicle (if compared to 48 and 56

km/hr for the M 113 and M35, respectively).

4.3.5 Reconnaissance cavalry (Scor pion)
For Scorpion tank (Figures 4.17a and 4.17b), their GO, Slow Go, and No
Go areas in dry season are comparable to those of the Stingray tank (about 18.18%,
19.99, and 61.83%, respectively). However, the Go areais considerably reduced to be
at 11.04% in wet season while the Slow Go areais substantially increased to be about
25.76% and the No Go areais slightly increased to be at about 63.20%. The relatively

higher Go area in wet season of the Scorpion when compared to the Stingray might be
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due to their higher maximum road speed of about 72.4 km/hr and lower VCI values
(for both VCI; and VClsp asseenin Table 3.4)

In conclusion for all considered vehicles, their Go areas dominate on the
western side due to the relatively flat terrain. On the contrary, the No Go areas situate
mainly within the mountainous region in the middle and eastern parts. In addition, the
Slow Go areas were usually found distributing in-between the Go and No Go areas.

The Go areas of most vehicles are notably decreased from dry season to
wet season (except M35) and turned into the Slow Go or No Go areas. This is due
mainly to the soil strength which is much higher in dry season than in wet season for
al the vehicles under consideration (as described in Tables 3.8 and 4.4) and the No
Go areas also enlarge during wet season due to the increase of area with moving
speed less than 1.5 km/hr. Among the four related vehicles, the Scorpion tank can
attain the highest moving speed (regarding to the maximum F1 values) at about 54.29
km/hr, followed by the stingray at 46.0 km/hr, the M113 at 36.0 km/hr, and the M35
at 26.25 km/hr (all speeds are in dry season). Regarding to amount of the Go areas, in
dry season, the Scorpion and Stingray tanks are far more effective on CCM activity
than other studied vehicles. But in the wet season, the Scorpion tank does best
followed by the M113. In addition, the M35 truck performs worst in both wet and dry

Seasons.
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CHAPTER V

CCM4CM SYSTEM DEVELOPMENT

This chapter demonstrates the capability of the two chosen search agorithms,
breadth first search (BFS) and A-star (A*) search, in the finding of the preferred
shortest and fastest paths based on the generated CCM map (under given initial and
target states). Operating concepts of both agorithms are given in Chapter 2 and

Section 3.4 of Chapter 3 while the relevant source codes are described in Appendix B.

5.1 Path finding comparison analysis

To examine the capacity of the BFS and A* search algorithms in the path
finding analysis (under shortest/fastest preferences), their performances, or quality
indices, were compared (under the same proposed situation) which are: (1)
Completeness; (2) Space complexity; (3) Time complexity; and (4) Optimality (as
detailed in Table 3.10). To achieve this task, twelve path finding cases were evaluated
with the shortest and fastest preferences where two cases each (dry/wet season) were
proposed for each troop unit and the concerned vehicle type. The obtained results are
reported in Tables 5.1 (shortest path) and 5.2 (fastest path), respectively, while
performance comparison for both search algorithmsis given in Figure 5.1 and Table

5.3.



Table5.1 Resultsof the path finding analysis (shortest path) of the BFS and A* search algorithm.
Start/end point Distance (km) Processing time Memory (Byte) Travelling time
Case Infantry unit
Start point End point BFS A* BFS A* BFS A* BFS A*
g1 Sendadinfantry (footroop)  yeo15 1853785 466061, 1853421 572 423 oMM 5o grems 1460712  e765a4  LMV-26mM. 1hr3m.
(day, dry) 36s.6 ms. 49s. 26s.
Standard infantry (foot troop) 35m. 2hr.46m. 2hr.7m.
2 i wen 462915,1853786  466961,1853421 555 423 ., “ary o 155.784ms 252436 871048 ae oy s
g3 Armoredinfantry (M113) 453053, 1849103 456641, 1849033 485 368 LM-32M e o0ms 1339932 1040384 22m. 10s.  19m.45s.
(dry) 14 s. 166 ms.
5 Armoredinfantry (M113) 453053, 1849103 456641, 1849033 487 368 ~M-26M 590 20ams 3872 1048576 25m.54s 22m.10s.
(wet) 39s. 951 ms.
g5  Mechanized infantry (M35) 450762, 1852567 453052, 1852534 313  2.33 8M. g¢a5ims 3965052 483328 9m.5s  7m.59s
(dry) 38s. 459 ms.
g Mechanizedinfantry (M35) 450762, 1852567 453052, 1852534 313  2.33 R}m. 9s148ms. 808080 497,584 13m.7s. 11m.49s.
(wet) 57 s.44 ms.
g7  Tankcavalry (Stingray) 453552, 1853911 456021, 1853834 324 251 2M 405 994ms 532700 581632 5m.25s.  4m.2s
(dry) 47 s. 842 ms.
sg  Tankcavary (Stingray) 453552, 1853011 456021, 1853834 324 251 . 0™ q1524ms 5816 565248 L0 2M gsenmig
(wet) 51 s. 863 ms. 59s.
g9 Armored cavary (M113) 454648, 1848387 458479, 1850571 523 483 Lr-46m 2m. 994132 2116  18m.24s 16m.13s
(dry) 5s.615ms. 42s. 816 ms.
sip Armored cavalry (M113) 454648, 1848387 458479, 1850571 525 483 2Nr-49m. 2m. 1567392 17,560 22m.50s. 20m.37s.
(wet) 11s.180ms. 33s.442ms.
g1  Reconnaissance cavalry 453246, 1853871  457235,1853081 524 434 SD98M oo g39ms 784388 1171456 7m.20s.  6m.52s.
Scorpion) (dry) 6. 389 ms.
g2 Reconnassance cavalry 453246, 1853871  457235,1853081 524 434 _Lhr-35m im. 1,236,604 866,704 12m sm. 225
Scorpion) (wet) ' ’ ) ) 52s.886ms. 51s. 744ms. T ’ )

act



Table5.2 Results of the path finding analysis (fastest path) of the BFS and A* search algorithm.

Start/end point

Distance (km)

Processing time

Memory (Byte)

Travelling time

Case Infantry unit
Start point End point BFS A* BFS A* BFS A* BFS A*
Standard infantry (foot troop) lhr.1m. 1hr.35m. 1hr.24m.
F1 (day, dry) 455900, 1850355 460788, 1852023  6.36 562 ,  cr3 20S558ms. 498,732 1,343,488 268 14s
Standard infantry (foot troop) 17 m. 3hr.12m. 2hr.48m.
F2 (night, wet) 455900, 1850355 460788, 1852023 641 562 5. go0ms 20S 189ms. 36,120 1,326,420 s 29
Armored infantry (M113) 42 m. Im.
F3 (dry) 456257, 1861021  458874,1862074 371 321 7 607 ms 13s 24 ms. 577,400 1,279,028 8m.50s. 5m.4ls
Armored infantry (M113) 44 m. im.
F4 (wet) 456257, 1861021 458874, 1862074 341 357 65 356 ms. 55 276 ms. 202,688 14,336 13m.22s. 5m.9s.
Mechanized infantry (M35) 20 m. 3m.
F5 (dry) 457352, 1840579 458977, 1840488 231  2.06 9s 281 ms. 12s 20ms. 1076140 901,716 6m.55s. 3m.3s.
Mechanized infantry (M35) 15m. 3m.
F6 (wet) 457352,1840579  458977,1840488 291 207 55939 ms. 47 s 547 ms. 22,828 140,784 9m.8s. 4m.4ls
Tank cavalry (Stingray) 2hr. 41 m. 44 m.
F7 (dry) 457403,1851333 453139, 1855611  7.62 914 17 '3dms 585 892ms 243792 1,440,996 14m.45s. 9m.8s.
Tank cavalry (Stingray) 3hr.7m. 39m. 2hr. 59 m.
F8 (wet) 457403, 1851333 453139, 1855611  7.89  9.14 5 '36cm o 43s 797ms L419.152 764,996 16 11m. 11s
Armored cavalry (M113) 1hr. 46 m. 2m.
F9 (dry) 454648, 1848387 458479, 1850571  5.23 55 £5241ms 19s 188 ms. 7,036 1,391,760 18m.24s. 8m.35s.
Armored cavalry (M113) 1hr.37m. 3m.
F10 (wet) 454648, 1848387 458479, 1850571 525 563 g5 oams 14s 395ms 1094992 30,592 22m.50s. 8m.6s.
Reconnaissance cavalry 1hr.58m
F11  (Scorpion) (dry) 453246, 1853871  457235,1853081 524 434 [ agg e 24S.839ms. 784,388 1,171,456 7m.20s. 6m.52s.
; 8m.22s.
Reconnaissance cavalry 1hr.35m. im.
F12 (Scorpion) (wet) 453246, 1853871  457235,1853081 524 434 525 886 ms. 5ls 744ms. 11236604 886,704 12m.

ect
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Figure5.1  Efficiency comparison between the two methods in terms of time and space complexities (as detailed in Tables 5.1 and 5.2).
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Table5.3 Performance comparison for the BFS and A* search algorithms.

Per for mance comparison

Performancecriteria

BFS A*

1. Completeness Yes Yes

2. Space complexity Uncertain Uncertain
3. Time complexity Alwaysworse Always better
4. Optimality Alwaysworse Always better

From Tables 5.1 and 5.2, it can be primarily concluded here that for all four
performance criteria stated in Table 3.10, both algorithms can find the solutions under
their own procedures (but not the same one). However, the A* did considerably better
than the BFS in terms of processing time and the correct solution found in all cases
under consideration (especially the processing time). But in terms of the used
memory, it is still uncertain which one is superior. For example, from Table 5.1, the
shortest path in dry season found by the BFS for standard infantry troops (daytime)
has travel distance of about 5.72 km which takes the processing time of more than 3
hours (1,460,712 bytes of memory in use) while the A* has found the solution of 4.23
km in just less than 1 minute (876,544 bytes of memory in use). Also, for the
reconnaissance cavalry in dry season, the BFS found path solution at distance of 5.23
km (using more than 1 hour of the processing time) while the A* found at 4.34 km
(with less than 1 minute of processing time). However, the used memory for BFS case
is about 784,388 bytes while for the A* caseis 1,171,456 bytes.

Figures 5.2 - 5.6 illustrate the path solutions found by the BFS and A* search

algorithms in some selected cases from Table 5.1 and 5.2.
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(c) Solution path from the A* algorithm.

Figure5.2  Solutions for the shortest path from point A to B (@) in case S2 (foot

troops at nighttime in wet season) as found by (b) BFS and (c) A* search algorithms.
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(c) Solution path from the A* algorithm.

Figure5.3  Solutions for the shortest path from point A to B (a) in case S9 (M113

in dry season) as found by (b) BFS and (c) A* search agorithms.
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(c) Solution path from the A* algorithm.
Figure5.4  Solutionsfor the shortest path from point A to B (a) in case S5 (M35in

dry season) as found by (b) BFS and (c) A* search algorithms.
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(c) Solution path from the A* algorithm.
Figure55  Solutions for the fastest path from point A to B (a) in case F8

(Stringray tank in wet season) as found by (b) BFS and (c) A* search agorithms.
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131

5.2 Application for automatic path finding of the CCM4CM system

Asthe A* algorithm has been found (in Section 5.1) to be notably superior than
the BFS in path finding analysis, especialy in terms of the better solution and the
rapid processing time, therefore, it was chosen for the construction of the automatic
path searching system (as described in Section 3.5).

To employ the system, users must access through the accessing interface where
their valid account and password are needed (Figure 5.7) and the output interface that
gives users opportunities to select initial conditions of the processing of interest
(Figure 5.8), for examples, type of the preferred route (shortest/fastest), type of
combat unit (as stated in Table 3.1), time (day/night), season (dry/wet), start/end
positions. Results of the processing will be reported as continuous lines on map and
specific details of the identified routes given in text, e.g. total length, travelling time.
The CCM maps needed to assist the path finding analysis can be identified and fed
into the system by using the “file” function as shown in Figure 5.9.

The system is able to search for the preferred shortest/fastest routes under given
specific pair of the start and end points where two types of searching priorities are
available:

(1) Normal search-no extra requirements of the preferred solution needed in the
anaysis (Figure 5.10); and

(2) Conditional search-some specific conditions are required for the path finding
anaysis (Figure 5.11). These are:

(@) The preferred path must, or must not, pass some specific locations along

the route (Figure 5.12 and 5.13, respectively);
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(b) The preferred path must not pass close to some specific locations along
the route at some certain distances (Figure 5.14);

(c) The preferred path must, or must not, pass over some specific areas
along the route (Figure 5.15 and 5.16, respectively); and

(d) The preferred path must pass the instantly-built bridge along the route

(Figure 5.17).

B wigs=un |i|

0 dadldo:

ﬁa FanHu:

[ AN ] [ UnLaAn l

Figure5.7  Accessing interface of the system.
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Figure5.8  The main graphic user interface of the CCM4CM system.
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Figure5.13 Example of the resulting reports when the “must not pass’ some
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(c) Solution path from the A* algorithm.
Figure5.17 Example of the resulting reports when the “must pass’ some instantly-

built bridge requirement is needed.
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5.3 System evaluation

Evaluation of the system was performed after it was fully developed to gain
opinions of the target users on the functionality, capability and limitations of the
system that might need adjustment or improvement. To achieve this task, a
guestionnaire was created and distributed to ten system’'s users which were divided
into two groups: system administrators (5 persons) and data analysts (5 persons). The
guestionnaire comprises of three main parts:

(1) persona details of the user;

(2) efficiency of the system for the use; and

(3) suggestions and guidelines for the improvement of the system.

For efficiency evaluation, the score range of 1 to 5 was established to reflect the

satisfaction level of each participated user from least to most as follows:

Score Satisfaction level
1 =  Least (the system should be tremendously improved);
2 = Low (the system should be considerably improved);
3 = Moderate (the system still needs some improvements);
4 =  High (the system is quite satisfied for the use); and
5 =  Very high (the system is highly satisfied for the use).

Results gained from the referred questionnaire can be concluded as follows:
User’s details (out of 10 persons)
(1) Age;

< 29 years (0),

30 - 39 years (2),

40 - 49 years (6),



Table5.4 Results of the system’s evaluation in Part 2.

50 - 60 years (2).
(2) Sex;
Male (10),
Female (0).
(3) Working status,
System’ s administrator (5),

Dataanalysts (5).
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Number of persons

. ) D = =

No. Evaluated list £ @ :;L S

£ £ 8 g 3 &% §

> < % ; > g =

(] 2 o 3 O > S

> T = — > < w
1. Outputs satisfy needs of users 4 6 - - 4.4 High
2. System satisfies working procedure of users - 10 - - - 4.2 High
3. Outputs benefit works of users 4 6 - - - 44  High
4, Systemiseasy to be used 6 4 - - - 4.6 \r/“egrz
5 Offered menu and tools are easy to 8 5 i i i 48 Very
" understand for the use ' high
6. Validity of dataprocessing - 8 2 - - 3.8 High

Usefulness level of the system for the .

" military path finding -0 - - - 42 High
8.  Possibility to apply the system elsewhere - 8 2 - - 3.8 High
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Results of the evaluation from Part 3 (about the suggestions and guidelines for
the system’ s further improvement and development) can be concluded as follows:

(1) Administrator;

Application of the system should be implemented in other border areas also
apart from those in the 3 Army Area

(2) User;

Higher spatial resolution should be done and GIS application on route
navigation should be included.

In general, according to the evaluation results from both groups of the system
users, the developed system was found to be functioning well and suited for the
responsible tasks of the users. It can also respond well to the needs of the users and
has convenient user interface as well. The system is hoped to be applied fruitfully in

other concerned areas in the future.



CHAPTER VI

CONCLUSIONSAND RECOMMENDATIONS

6.1 Conclusions

This thesis has two main objectives to be fulfilled. The first goal is to produce
CCM maps for the combat units of interest based on the guidelines from the US Army
(1990) and the RTSD Map Center (1997). The study area was chosen to be Maesot
District, Tak Province, which is key area for transportation and trading hub between
Thailand and Myanmar. The results were reported separately between the dry and wet
seasons for all concerned combat units in accordance with their main operating
vehicles (or troops) chosen for the analysis, which are Standard infantry (Foot troops),
Armored infantry (M113), Mechanized infantry (M35 truck), Tank cavalry (Stingray
tank), Armored cavalry (M113), and Reconnaissance cavalry (Scorpion tank).

The second goal is to develop the automatic path finding system based on the
associated CCM maps obtained from the first objective and the superior path finding
algorithm between two candidates, the BFS and A* search algorithms, found in the
performance comparing analysis. These two methods work based on rather different
concepts from which the first one (BFS) is called uninformed (or blind) search while
the second one (A*) is called the informed (or heuristic) search. The path finding
capability was focused on two basic preferences: the shortest and the fastest paths (if a

pair of start/end positionsis given).
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Construction of the CCM factor
In the first objective, the CCM maps for each relevant combat unit were derived

based on standard formula proposed by the US Army manual (1990):

V (kph) = F1xF2xF3xF4pwxF5, (6.1

where F1 to F5 represent key terrain and environmental characteristics of the study
area, F1 is speed/slope factor, F2 is slope-intercept-frequency (SIF) factor, F3 is
vegetation factor, F4 is soil factor, and F5 is surface roughness factor.

The obtained F1 values were divided into 3 categories: No Go (0 - 1.5 km/hr),
Slow Go (1.5 - 30 km/hr), and Go (> 30 km/hr). It was found that, the Go areas for all
listed vehicles mainly dominate on the rather flat portion on the western side of the
district, e.g. areas with slope 0 - 3%, while the No Go areas |ocated mainly within the
mountainous region on the middle and eastern parts of the district, with the Slow Go
areas distributed in-between. Among the four considered vehicles, the Scorpion tank
can attain the highest moving speed (regarding to the maximum F1 values) at about
54.29 km/hr, followed by the Stingray at 46.0 km/hr, the M113 at 36.0 km/hr, and the
M35 at 26.25 km/hr (all speeds are in dry season). Because M35 cannot move faster
than 30 km/hr, therefore, only the No Go and Slow Go categories can be achieved.

The computed F2 (SIF) map for the study area has similar outlook to the F1 map
(due to their dependencies on surface slope) in which the high values occur mostly on
the western side of the area (due to low slope) and low values appear mostly on the
middle and eastern parts of the study area. The vegetation factor (F3) indicates impact

of vegetation cover (type, density, or distributing pattern) on the mobility of vehicle
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movement. It was found that, the F3 values depend significantly on both the preferred
vehicle type and the relevant vegetation type. The highest values for al listed vehicles
were found at 0.90 (A2/A3 classes) and 0.85 (AL/G2 classes). In genera, the M113
has highest F3 valuesin all other vegetation types and Stingray tank has the lowest.

The soil factor (F4) shows impact of soil characteristics on vehicle’'s mobility.
The F4 value determines if a particular soil type will support the vehicular movement
and to what extent the speed will decrease due to that soil type. In general, dry soil
can afford the CCM movement of a vehicle much better than the wet soil. As aresult,
the F4 values for a chosen vehicle were usually found much higher in dry season than
in wet season in amost all soil types. In dry season, rock, sand and gravel can support
the CCM movement the best while in wet season, rock and gravel can do the best. The
F5 values applied in this study for the map unit 1, 3, 6 were identified (in association
with the USCS soil types) asfollows:

(1) Surface with no roughness effect (map unit 1: F5 = 1) - mostly found on the
western side due to the abundance of natural flat terrain;

(2) Stony soil with large rocks (map unit 3: F5 = 0.7) - only few areas found; and

(3) Area of high landslide potential (map unit 6: F5 = 0) - mostly found on the
middle and eastern sides of the area (the steep mountainous terrain).

Construction of the CCM maps

From results of CCM maps construction, it was found that the standard infantry
(foot troops) can move past most terrains well in both dry and wet seasons except at
the few specified No Go areas (water body) at standard velocities of 4 km/hr during
daytime and 2 km/hr during nighttime, respectively. For all considered vehicles, their

Go areas were mainly identified on the western side of the district due to the dominant
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flat terrain of the area. On the contrary, the No Go areas are notably situated within
the mountainous region in the middle and eastern parts of the district due to steep
slopes and the proneness to landsliding of the areas. In addition, the Slow Go areas
were found distributed around and in-between the Go and No Go areas for most
vehicles.

The Go areas of most vehicles often decrease dramatically from dry season to
wet season due mainly to the soil strength which is much higher in dry season than in
wet season for al the vehicles under consideration. The No Go areas usually enlarge
during wet season due to the increase of areas with moving speed less than 1.5 km/hr
(especialy M35 and Stingray). Regarding to amount of the Go areasin dry season, the
Scorpion and Stingray tanks are far more effective on CCM activity than other studied
vehicles. But in the wet season, the Scorpion tank does best, followed by the M113. In
addition, the M35 truck performs worst in both wet and dry seasons.

Analysis of the path finding algorithms

This part demonstrates capability of the two chosen search algorithms, breadth
first search (BFS) and A-Star (A*) search, in the finding of the preferred shortest and
fastest paths based on the generated CCM map (under given initial and target states).
To achieve this objective, their performances were compared (under same conditions)
in terms of: (1) completeness; (2) space complexity; (3) time complexity; and (4)
optimality. In the process, twelve path finding cases each were evaluated for the
shortest and fastest preferences where two cases each (dry/wet season) were assessed
for each troop unit and the concerned vehicle type.

Results of the study indicate for al four performance criteria stated earlier, both

algorithms can find the solutions under their own procedures (but not the same one).
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However, the A* did considerably better than the BFS in terms of processing time and
preferred solution found in all considered cases (especially for the processing time).
But in term of the used memory, one's superiority is still uncertain.

Application for automatic sear ching system

Eventually, the A* agorithm was chosen to make an automatic path searching
system due to its notable severa superiority to the BFS technique. In order to gain
access to the devised system, users must have valid account and password provided to
them by the system’s administrator. After logging-in, the system allows genera users
to select initial conditions of the processing task of their interest, for examples, type of
the preferred route (shortest/fastest), type of the combat unit (e.g. standard infantry,
armored infantry), time (day/night), season (dry/wet), or start/end positions. Results
are reported as continuous lines on the output map and specific details of the identified
routes are given in text, e.g. total length, travelling time.

In conclusion, the major advantages and limitations of the devel oped path finding
system are as follows:

Advantages

(1) Developed based on the popular Windows platform which is convenient for
the study and implementation. The relevant GUI was also constructed based on the
user-friendly concept to accommodate all kinds of potential users;

(2) Severd types of the search options are available and the output report can be
generated and displayed very readily; and

(3) Potentiality to be applicable at other areas of interest is high as fundamental

concepts of the system’s development were well established.
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Limitations

(1) Only options of the shortest and fastest paths are available at present. Some
other interesting choice, like the safest path, is still not included in the study; and

(2) Some input data (for the calculation of F1 to F5) might be still not
sufficiently realistic, e.g. topographic data or soil moisture data. This makes the output

CCM maps less credible or less applicability as priorly expected.

6.2 Recommendations

From the experiences gained from this study, the recommendations for further
study can be as the followings:

(1) Use high capability versions of the preferred software and hardware to speed
up the processing time of the system (in the construction of the CCM maps and the
developing of the automatic path finding system);

(2) The used mapping freeware MapWinGIS (for displaying and managing
CCM map) still has some limitations to fulfill need in the study. It is recommended to
try to use the standard licensed Map Object which might give better results;

(3) Information of the selected vehicle specifications in some cases is till quite
limited. This makes the obtained results having less credibility as more assumptions
or simplifications were needed in the analysis. Details of vehicle specifications should
be more completed in the further study; and

(4) The use of more redlistic input for calculation of F1 to F5 is recommended.
For examples, slope characteristics, e.g. up-slope/down-slop data (for F2), updated
soil moisture content, e.g. daily data (for F4), and updated data of vegetation cover,

especialy in the agricultural area (for F3).



REFERENCES



REFERENCES

Affleck, R. T., Mdloh, R. A., and Shoop, S. A. (2009). Cross-country mobility on
various snow conditions for validation of a virtual terrain. Journal of
Terramechanics. 46(4): 203-210.

ASTM. (2012). D2487-11 Standard Practice for Classfication of Soilsfor Engineering
Purposes (Unified Soil Clasdfication System) [On-lingl. Avallable: http:/
enterprise.astm.org/filtrexx40.cgi ?+REDLINE_PAGESD2487.htm.

Bacon, S. N., McDonald, E. V., Baker, S. E., Caddwell, T. G., and Stullenbarger, G.
(2008). Desert terrain characterization of landforms and surface materials
within vehicle test courses at U.S. Army Yuma Proving Ground, USA.
Journal of Terramechanics. 45(5): 167-183.

Baijal, M. R., Arora, M. K., and Ghosh, S. K. (2012). A GI S Assisted K howledge-Based
Approach for Military Operations [On-ling]. Available: http://mww.
Gisdevel opment.net/application/military/overview/militaryo0001pf.htm.

Ciobotaru, T. (2009). Semi-empiric algorithm for assessment of the vehicle mobility.
L eonardo Electronic Journal of Practicesand Technologies. 8(15): 19-30.

Cormen, T. H., Leiserson C. E., Rivest, R. L., and Stein, C. (2009). I ntroduction to
Algorithms (3rd ed.). London, England: The MIT Press.

Donlon, J. J., and Forbus, K. D. (1999). Using a geographic information system for

gualitative spatial reasoning about trafficability. In Proceedings of QR99,



153

Loch Awe, Scotland, June, 1999 [On-ling]. Available: http://www.qrg.
northwestern.edu/papers/filessDonlon_Forbus QR99_Distribution.pdf.

ESRI. (2012a). GI S for Defense and Intelligence [On-ling]. Available: http://www.
esri.com/library/brochures/pdf</gis-for-defense.pdf.

ESRI. (2012b). GIS in the Defense and Inteligence Communities [On-ling).
Available: http://www.esri.convlibrary/brochures/pdfs/gis-in-defense-vol 4.pdf.

Fleming, S., Jordan, T., Madden, M., Usery, E. L., and Welch, R. (2009). GIS
applications for military operations in coastal zones. |SPRS Journal of
Photogrammetry & Remote Sensing. 64(2): 213-222.

Gumos, A. K. (2005). Modelling the Cross-Country Trafficability with Geogr aphical
I nformation Systems. Ph.D. Thesis, Linkdpings Universitet, Sweden.

Halton, P. (2012). Al Search [On-ling]. Available: http://robin7013.hubpages.com
/hub/ai-search.

Hoskové-Mayerov4, S., Hofmann, A., Kubicek, P., and Tahofer, V. (2010). Spatial
analyses and spatial data quality. In Proceeding of AGILE 2011 [On-ling].
Available:  http://plone.itc.nl/agile_old/Conference/2011-utrecht/contents/
pdf/shortpapers/sp_46.pdf.

Jones, R., Horner, D., Sullivan, P., and Ahlvin, R. (2005). A methodology for
guantitatively assessing vehicular rutting on terrains. Journal of
Terramechanics. 42(3-4): 245-257.

Jones, T. (2008). Artificial Intelligence: A Systems Approach. Canada: Jones and
Bartlett Publishers.

Kastella, K., Kreucher, C., and Pagels, M. A. (2000). Nonlinear filtering for ground

target applications. In Proceedings of SPIE (pp 266-276).


http://www/�
http://www/�
http://www.esri.com/library/brochures/pdfs/gis-in-defense-vol4�
http://robin7013.hubpages.com/�
http://plone.itc.nl/agile_old/Conference/2011-utrecht/contents/�
http://www.amazon.com/Artificial-Intelligence-Systems-Approach-Computer/dp/0763773379/ref=sr_1_1?s=books&ie=UTF8&qid=1343794606&sr=1-1&keywords=0763773379�

154

Kim, K., Yang, Y., Lee, J,, Chai, k., Nam, H., and Seo, D. (1994). Development of a
tactical terrain anaysis system with GIS technique. In Proceedings of
Geoscience and Remote Sensing Symposium (lGARSS) (pp 860-862).

Morelli, R. A. (2010). Artificial Intelligence [On-ling]. Available: http://www.cs.
trincoll.edu/~ram/cpsc352/notes/astar.html.

Mount, D. M. (2003). Desgn and Analyss of Computer Algorithms [On-ling].
Available: http://mww.cse.ust.hk/~dekai/271/451 ects.pdf.

Nam, J. S, Park, Y. J, and Kim, K. U. (2010). Determination of rating cone index
using wheel sinkage and dlip. Jour nal of Terramechanics. 47(4):243-248.

Nosrati, M., Karimi, R., and Hasanvand, H. A. (2012). Investigation of the * (star)
search algorithms: characteristics, methods and approaches. World Applied
Programming. 2(4): 251-256.

Nuntawong, C. (2012). Problem Solving in Searching (Heuristic Search) [On-ling].
Available: http://www.nsru.ac.th/computer/dew/files/ai/ch5_2.pdf.

Priddy, J. D., and Willoughby, W.E. (2006). Clarification of vehicle cone index with
reference to mean maximum pressure. Journal of Terramechanics. 43(2):
85-96.

Pual, T. (1985). Forecasting vehicle mobility in remote areas. an aid to military
vehicle design. Definition of Science Journal. 35(1): 55-63.

Richbourg, R., and Olson, W. K. (1996). A hybrid expert system that combines
technologies to address the problem of military terrain analysis. Expert
Systems With Applications. 11(2): 207-225.

RTSD Map Center. (1997). Military Geographic Information System (MGIS).

(Unpublished manuscript).


mailto:ralph.morelli@trincoll.edu�
http://www.cs/�

155

Rybansky, M. (2003). Effect of the geographic factors on the cross country
movement. In Proceedings of the 21% International Cartographic
Conference (ICC) (pp 2449-2454).

Samruai Khotcharit. (2004). The application of geographic information system for
military terrain analysis: A case study of changwat Kanchanaburi. M.S.
thesis, Srinakharinwirrot University.

Satyanarayana, P., and Y ogendran, S. (2012). Military applications of GIS [On-lin€].
Available: http://www.gi sdevel opment.net/application/military/overview
/militaryf0002.htm.

Shoop, S. A. (1993). Terrain Characterization for Trafficability [On-ling]. Avallable:
http://mww.crrel .usace.army.mil/library/crrelreports CR93_06. pdf.

Smyth, P. (2007). Problem Solving using State Space Representations [On-ling].
Available: http://www.ics.uci.edu/~smyth/courses/cs271/topicl _state space
_search.ppt.

Stewart, B.S., and White, C.C. (1991). Multiobjective A*. Journal of the Association
for Computing Machinery. 38(4): 775-814.

Suvinen, A. (2005). A GIS-based simulation model for terrain tractability. Journal of
Terramechanics. 43(4): 427-449.

Tak province. (2012). Mae Sot district (in Tha) [On-ling]. Available: http://
123.242.165.136/mainmodul e=di strict& pages=district& amphur_code=06.

Thai Meteorological Department. (2012). Aver age temperature and rainfall amount
30 year at Mae Sot District (in Thai) [On-ling]. Available: http://www.tmd.

go.th/province_stat.php?StationNumber=48375.


http://www.gisdevelopment.net/application/military/overview%20/�
http://www.gisdevelopment.net/application/military/overview%20/�
http://www.crrel.usace.army.mil/library/crrelreports/CR93_06�
http://www.ics.uci.edu/~smyth/courses/cs271/topic1_state_space%20_�
http://www.ics.uci.edu/~smyth/courses/cs271/topic1_state_space%20_�

156

US Army. (1963). Trafficability of soils [On-ling]. Available: http://www.dtic.mil/
cgi-bin/GetTRDoc?AD=AD0409691.

US Army. (1985). FM 5-101 Mobility. Washington DC: U.S. Government Printing
Office.

US Army. (1990). FM 5-33 Terrain Analysis. Washington DC: U.S. Government
Printing Office.

US Army. (1994). FM 34-130 Intelligence Preparation of the Battlefield.
Washington DC: U.S. Government Printing Office.

US Army. (1999). FM 5-472 Materials Tesing [On-ling]. Available: http://www.
globalsecurity.org/military/library/policy/army/fm/5-472/index.html.

van Bemmelen, J., Quak, W., van Hekken, M., and van Oosderom, P. (1993). Vector
vs. raster-based algorithms for cross-country movement planning. In
Proceedings of Auto Carto. (pp 304-317).

Varoon, S. (2012). What’'s the difference between DFS and BFS? [On-lin€].
Available: http://www.programmerinterview.com/index.php/data-structures/
dfs-vs-bfg.

William, H. W. (2012). Methods of Search [On-ling]. Available: http://www.cse.
unsw.edu.au/~billw/Justsearch.html.

Wilson, J. P, and Galant J. C. (2000). Terrain Analysis. Principles and
Applications. New Y ork: John Wiley and Sons.

Yue, H., and Shao, C. (2007). Study on the application of A* shortest path search
algorithm in dynamic urban traffic. In Proceedings of Third International

Conference on Natural Computation (ICNC 2007) (pp 463 - 469).


http://www.dtic.mil/%20cgi-bin/GetTRDoc?AD=AD0409691�
http://www.dtic.mil/%20cgi-bin/GetTRDoc?AD=AD0409691�
http://www.dtic.mil/%20cgi-bin/GetTRDoc?AD=AD0409691�
http://www/�
http://www.programmerinterview.com/index.php/data-structures/�

157

Yun, L. (2002). The application of breadth first search in the dispatching system of
the China Rallway Communication network. In Proceedings of IEEE

TENCON '02 (pp 863-868).



APPENDICES



APPENDIX A

VEGETATION DATA

A.1 Noteson DMA Vegetation Codes

The vegetation code is based on DMA vegetation coding standards, in which

areas are assigned a 1, 2, or 3 character code. For all codes the first character denotes

the general class of vegetation.

Following are the valid 1 character codes:

H

J

w

X

Forest Clearing (cutover areas, burns, etc.)
Marsh/Bog (peat, muskeg, etc.)

Wetlands (L.S.I., low-lying wet areas)
Bare Ground

Open Water

Built-up Areas (not evaluated)

Following are the valid codes with exactly 2 characters:

Al

A2

A3

A4

A5

Bl

B2

Agriculture (dry crops)

Agriculture (wet crops, rice)

Agriculture (terraced crops, both wet and dry)

Agriculture (shifting cultivation)

Aquaculture (fish ponds, shrimp farms)

Brushland/Scrub (<5m high, nearly open to medium spacing)

Brushland/Scrub (<5m high, medium to dense spacing)



Gl

G2

MO - M9

NE

160

Grassland, Meadows, Pasture

Grassland with scattered trees, some scrub
Bamboo forest (second digit indicates height,
0 = height unknown)

Not Evaluated

All other valid codes will have 3 characters, with the following significance:

1% char

C

O UV — T m09O

2" char

A W N

39 char

[ERN

O© 00 N O O b WO DN

Vegetation class

Coniferous/Evergreen Forest

Deciduous Forest

Mixed Forest

Fruit Bearing Trees (Orchard/Plantation)
Swamp (mangrove, Cypress, etc)

Palm trees (coconut, palm oil, date)
Rubber tree plantations

Canopy closure (%)

0-25
25-50
50-75
75 - 100

Height (meters)

0-2
2-5
5-10
10-15
15-20
20-25
25-30
30-35
> 35



TableA.1 Vegetation data
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Stem Stem  Vegetation
Code Vegetation description Diameter Spacing Roughness
(SD) (S9) (Vr)
Al  Agriculture (dry crops) Null Null 0.85
A2  Agriculture (wet crops, rice) Null Null 0.9
A3  Agriculture (terraced crops, both wet and dry) Null Null Null **
A4 Agriculture (shifting cultivation) Null Null Null **
A5  Agriculture (fish ponds, shrimp farms) Null Null 0.2
Bl Brushland/Scrub (< 5 m, open to medium spacing) Null Null 0.9
B2 Brushland/Scrub (< 5 m, medium to dense spacing) Null Null 0.85
C11  Coniferous/ Evergreen Forest 0.01 25 1
C12  Coniferous/ Evergreen Forest 0.06 25 1
C13  Coniferous/ Evergreen Forest 011 3.8 1
C14  Coniferous/ Evergreen Forest 0.16 6 1
C15 Coniferous/ Evergreen Forest 0.20 10 0.7
C16  Coniferous/ Evergreen Forest 0.27 11 1
C17  Coniferous/ Evergreen Forest 0.34 14 1
C21  Coniferous/ Evergreen Forest 0.01 2 1
C22  Coniferous/ Evergreen Forest 0.06 2 1
C23  Coniferous/ Evergreen Forest 0.11 2.8 1
C24  Coniferous/ Evergreen Forest 0.16 6 1
C25 Coniferous/ Evergreen Forest 0.21 6.5 1
C26  Coniferous/ Evergreen Forest 0.27 7 1
C27  Coniferous/ Evergreen Forest 0.34 75 1
C31  Coniferous/ Evergreen Forest 0.01 15 1
C32  Coniferous/ Evergreen Forest 0.06 15 1
C33  Coniferous/ Evergreen Forest 0.10 18 1
C34  Coniferous/ Evergreen Forest 0.13 25 0.2
C35 Coniferous/ Evergreen Forest 0.20 37 1
C36  Coniferous/ Evergreen Forest 0.29 4.8 1
C37  Coniferous/ Evergreen Forest 0.33 5 1
C41  Coniferous/ Evergreen Forest 0.01 1 1
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Stem Stem  Vegetation
Code Vegetation description Diameter Spacing Roughness

(SD) (8 (Vr)
C42  Coniferous/ Evergreen Forest 0.06 1 1
C43  Coniferous/ Evergreen Forest 0.10 1.3 1
C44  Coniferous/ Evergreen Forest 0.15 25 0.1
C45  Coniferous/ Evergreen Forest 0.17 2.7 0.1
C46  Coniferous/ Evergreen Forest 0.26 3.2 1
C47  Coniferous/ Evergreen Forest 0.33 3.6 1
CEM  Cemetary or buria ground Null Null 0
D11  Deciduous Forest 0.01 25 1
D12  Deciduous Forest 0.04 25 1
D13  Deciduous Forest 0.09 4 1
D14  Deciduous Forest 0.22 7 1
D15 Deciduous Forest 0.27 9 1
D16  Deciduous Forest 0.34 12 1
D17  Deciduous Forest 0.40 15 1
D21  Deciduous Forest 0.01 2 1
D22  Deciduous Forest 0.04 2 1
D23  Deciduous Forest 0.09 3 1
D24  Deciduous Forest 0.21 4 1
D25  Deciduous Forest 0.26 6 1
D26  Deciduous Forest 0.34 7 1
D27  Deciduous Forest 0.39 8 1
D31  Deciduous Forest 0.01 12 1
D32  Deciduous Forest 0.04 15 1
D33  Deciduous Forest 0.08 2 1
D34  Deciduous Forest 0.20 25 1
D35  Deciduous Forest 0.25 4 1
D36  Deciduous Forest 0.32 5 1
D37  Deciduous Forest 0.38 55 1
D41  Deciduous Forest 0.01 1 1




163

TableA.1 Vegetation data (Continued).

Stem Stem  Vegetation
Code Vegetation description Diameter Spacing Roughness

(SD) (8 (Vr)
D42  Deciduous Forest 0.04 1 1
D43  Deciduous Forest 0.08 15 1
D44  Deciduous Forest 0.19 2 1
D45  Deciduous Forest 0.24 25 1
D46  Deciduous Forest 0.30 35 1
D47  Deciduous Forest 041 5 1
E11  Mixed Forest 0.0085 25 1
E12  Mixed Forest 0.05 25 1
E13  Mixed Forest 0.10 3.9 1
E14  Mixed Forest 0.19 6.5 1
E15 Mixed Forest 0.24 85 1
E16  Mixed Forest 0.305 115 1
E1l7  Mixed Forest 0.37 145 1
E21  Mixed Forest 0.0085 2 1
E22  Mixed Forest 0.05 2 0.9
E23  Mixed Forest 0.10 29 0.8
E24  Mixed Forest 0.185 4 1
E25  Mixed Forest 0.235 4.8 1
E26  Mixed Forest 0.305 7 1
E27  Mixed Forest 0.365 7.8 1
E31  Mixed Forest 0.0085 13 1
E32  Mixed Forest 0.05 15 0.8
E33  Mixed Forest 0.09 19 1
E34  Mixed Forest 0.175 2.6 1
E35 Mixed Forest 0.225 3.9 1
E36 Mixed Forest 0.29 4.8 1
E37  Mixed Forest 0.355 5.3 1
E41  Mixed Forest 0.0085 0.9 1
E42  Mixed Forest 0.05 1 1
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Stem Stem  Vegetation
Code Vegetation description Diameter Spacing Roughness
(SD) (8 (Vr)
E43  Mixed Forest 0.09 14 1
E44  Mixed Forest 0.17 21 0.7
E45 Mixed Forest 0.22 2.7 1
E46  Mixed Forest 0.28 34 1
E47  Mixed Forest 0.35 41 1
F12  Fruit bearing trees (orchard / plantation) 0.05 55 0.7
F13  Fruit bearing trees (orchard / plantation) 0.12 7 0.9
F21  Fruit bearing trees (orchard / plantation) 0.04 5 1
F22  Fruit bearing trees (orchard / plantation) 0.08 3 0.8
F23  Fruit bearing trees (orchard / plantation) 0.12 6.5 0.8
F24  Fruit bearing trees (orchard / plantation) 0.14 55 0.8
F32  Fruit bearing trees (orchard / plantation) 0.08 3 0.8
F33  Fruit bearing trees (orchard / plantation) 0.13 6 0.8
F34  Fruit bearing trees (orchard / plantation) 0.14 5 0.8
F35  Fruit bearing trees (orchard / plantation) 0.18 10 0.9
F43  Fruit bearing trees (orchard / plantation) 0.13 55 0.6
F44  Fruit bearing trees (orchard / plantation) 0.14 45 0.9
F45  Fruit bearing trees (orchard / plantation) 0.18 105 0.9
F46  Fruit bearing trees (orchard / plantation) 0.1015 18 0.8
Gl  Grassland, Meadows, Pasture Null Null 0.95
G2  Grassland with Scattered Trees, some scrub Null Null 0.85
H Forest Clearing (cutover areas, burns, €tc.) Null Null 0.5
10 Swamp (mangrove, cypress. tc.) Null Null 0.1
11 Swamp (mangrove, cypress. etc.) Null Null 0.1
12 Swamp (mangrove, Cypress. etc.) Null Null 0.1
13 Swamp (mangrove, cypress. etc.) Null Null 0.1
14 Swamp (mangrove, cypress. €tc.) Null Null 01
J Marsh / Bag (treeless bogs, muskegs, etc.) Null Null 0.1
K Wetlands (L.S.I., low-lying wet areas) Null Null 0.3
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TableA.1 Vegetation data (Continued).

Stem Stem  Vegetation
Code Vegetation description Diameter Spacing Roughness
(SD) (8 (Vr)
L Vineyards/ Hops Null Null 0.4
MO  Bamboo forest, height unknown Null Null Null **
M1 Bamboo forest, height 0- 2 m. Null Null Null **
M2 Bamboo forest, height 2 - 5 m. Null Null Null **
M3  Bamboo forest, height 5- 10 m. Null Null Null **
M4  Bamboo forest, height 10 - 15 m. Null Null Null **
M5  Bamboo forest, height 15 - 20 m. Null Null Null **
M6  Bamboo forest, height 20 - 25 m. Null Null Null **
M7  Bamboo forest, height 25 - 30 m. Null Null Null **
M8  Bamboo forest, height 30 - 35 m. Null Null Null **
M9  Bamboo forest, height > 35 m. Null Null Null **
N Bare Ground Null Null 0.95
NE  Not Evaluated Null Null Null
P22  Palm trees (coconut, palm ail, date) 0.24 7 0.8
R22  Rubber tree plantation 0.05 6 0.8
R32  Rubber tree plantation 0.06 6 0.8
W Open Water Null Null 0
X Built-up Areas Null Null Null

Note: ** Vaue not currently available.
Stem Diameter (SD) is thickness of stem (in meters).
Stem Spacing (SS) is distance (in meters) between trees/brush.
Vegetation Roughness (V) varies between 0 and 1.
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Imports WinCCMLib

Public Class frmMain
"Usgmasunlsiveriudoya Layer
Private layerData As New CcmDataSet

' o § g
Yszmednalsivenudoya Map

Private ccmLH As Integer

Private ccmGrid As New MapWinGIS.Grid

Private ccmGridHeader As MapWinGI S.GridHeader

Private ccmRaster As New MapWinGI S.Image

Private curState As CurrentStates

Private pathDH As Integer

Private map As Maplnterface

Private astar As New A Star.PathFinder

Private startWP As New WayPointNode

Private endWP As New WayPointNode

Private finalNode As Node

Private startColor As Ulnteger = CUINt(RGB(0, 255, 0))

Private endColor As Ulnteger = CUINt(RGB(0, 0, 255))

Private pathsColor As Ulnteger = CUINt(RGB(190, 190, 190))

Private final PathColor() As Ulnteger =
{ System.Convert. ToUInt32(System.Drawing.ColorTransl ator. ToOle(System.Drawing.Col or.Orange)),
System.Convert. ToUInt32(System.Drawing.ColorTrand ator. ToOl e(System.Drawing.Color.DodgerBlu
€))}

Private layerNames As String() = {"CCM", "Maesot_Topo.img", "", "Road30m_Dry.img",
"Road30m_Wet.img", "Water_Dry_NoGo.img", "Water_Wet_NoGo. |mg" "Soil_30m.img",
"SlopeDEM_30m.img", "VegetRTSD_30m.img"}

Private layerColors As MapWinGl S.PredefinedCol or Scheme() =
{ MapWinGlI S.PredefinedCol or Scheme.Desert, MapWinGI S.PredefinedCol orScheme.Glaciers,
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MapWinGl S.PredefinedCol orScheme.Glaciers, MapWinGI S.PredefinedCol or Scheme.Desert,
MapWinGl S.PredefinedCol orScheme.Desert, MapWinGl S.PredefinedCol orScheme.Desert,
MapWinGl S.PredefinedCol orScheme.Desert, MapWinGl S.PredefinedCol orScheme.Desert,
MapWinGl S.PredefinedCol orScheme.Desert, MapWinGl S.PredefinedCol or Scheme.M eadow?}

Private layerLHs AsInteger() = {-1,-1,-1,-1,-1,-1,-1,-1,-1,-1,-1, -1}

Private passPointColor As Ulnteger = CUInt(RGB(255, 0, 255))

Private notPassPointColor As Ulnteger = CUINt(RGB(255, 0, 0))

Private bridgePointColor As Ulnteger = CUINt(RGB(0, 255, 255))

Private resultPaths() As Node

Private waterGrid(1) As MapWinGIS.Grid

Private valuelL ableDH As Integer = -1

Private valuelabel Color As Ulnteger = CUINt(RGB(255, 255, 255))

"‘anuzvetjutans Map

Private Enum CurrentStates
StandBy
SetStart
SetStop
SetOptionPassPoint
SetOptionNotPassPoint
SetOptionAwayPoint
SetOptionPassArea
SetOptionNotPassArea
SetOptionBridge
SetOptionWayPoints
Test

End Enum

Private Sub Logoff()
Dim ta As New CcmDataSetT ableA dapters.USERT ableAdapter
ta.DoL ogoff(Now, frmLogin.LoginNo)
ta.Connection.Clos()
End
End Sub

" ay point ?'fm?;ﬂuﬁs:u
Private Sub RemoveMarker(ByRef hdraw As Integer)
If hdraw > -1 Then
AxMapl.ClearDrawing(hdraw)

AxMapl.Redraw()
hdraw = -1
End If
End Sub

Private Sub AddLabel(drawDH AsInteger, x As Double, y As Double, label As String, color As
Ulnteger)
AxMapl.AddDrawingL abel (drawDH, label, color, x, y, MapWinGlI S.tkHJustification.hj Center)
End Sub

Private Sub Removel abel (drawDH As Integer)
AxMapl.ClearDrawingL abel s(drawDH)
End Sub

Private Function NewDrawingL ayer() As Integer
Return AxMapl.NewDrawing(MapWinGI S.tkDrawReferencel ist.dl SpatiallyReferencedList)
End Function
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" 1@ point GG
Private Sub DrawMarker(handle As Integer, x As Double, y As Double, c As UInteger, size As
I nteger)
Dim TL, BR As MapWinGI S.Point
TL = New MapWinGI S.Point
BR = New MapWinGI S.Point
Dim buffer =1
TL.X =X - buffer
TL.y =y + buffer
BR.x = x + buffer
BRy =y - buffer
CType(AxMapl.Extents, MapWinGlI S.Extents).SetBounds(TL.x, BR.y, 0.0F, BR.x, TL.y, 0.0F)
AxMapl.DrawPointEx(handle, X, vy, size, ¢)
End Sub

" 1@ point Fndon
Private Function DrawMarker(x As Double, y As Double, c As Ulnteger, size As Integer) As Integer
Dim hdraw =
AxMapl.NewDrawing(MapWinGI S.tkDrawReferencel ist.dl SpatiallyReferencedList)
DrawMarker(hdraw, X, v, ¢, size)
Return hdraw
End Function

mﬂniauﬁyuﬁ?%m?;ﬂu
Private Sub DrawRect(handle As Integer, X0 As Double, yO As Double, x1 As Double, y1 As
Double, ¢ As Ulnteger, size As Integer)
CType(AxMapl.Extents, MapWinGlI S.Extents).SetBounds(x0, y0, 0.0F, x1, y1, 0.0F)
AxMapl.DrawLineEx(handle, x0, y0, x1, y0, size, ¢)
AxMapl.DrawLineEx(handle, x1, y0, x1, y1, size, ¢)
AxMapl.DrawLineEx(handle, x1, y1, X0, y1, size, €)
AxMapl.DrawLineEx(handle, X0, y1, X0, y0, size, €)
End Sub

" NanseuRLAFM Aoy
Private Function DrawRect(x0 As Double, yO As Double, x1 As Double, y1 AsDouble, c As
Ulnteger, size As Integer) As Integer
Dim hdraw =
AxMapl.NewDrawing(MapWinGlI S.tkDrawReferencel ist.dl SpatiallyRef erencedList)
DrawRect(hdraw, x0, y0, X1, y1, ¢, size)
Return hdraw
End Function

wm A A v,
mmwu"lﬂummum

Private Sub AddOption(title As String, wp As WayPointNode)
Dim li = lvOption.Items.Add(title)
li.Subltems.Add(wp.ToString)
li.Tag=wp

End Sub

m oy o A a 4
mﬂﬂmimqmimmaﬂammﬁ‘uu Map

Private Sub AxMapl_MouseDownEvent(sender As System.Object, e As
AxMapWinGIS._ DMapEvents MouseDownEvent) Handles AxMapl.MouseDownEvent
If curState = CurrentStates.SetStart Then
Dimx, y AsDouble



170

AxMapl.Pixel ToProj(ex, ey, X, y)
startWP.DrawHandler = DrawMarker(X, y, startColor, 10)
AddL abel (startWP.DrawHandler, X, y, "1", startColor)
ccmGrid.ProjToCell(x, y, startWP.XO0, startWP.Y0)
txtStart. Text = startWP.X0 & "," & startWP.YO
StopPlotPoint()

Elself curState = CurrentStates.SetStop Then
Dim x, y AsDouble

AxMapl.Pixel ToProj(ex, ey, X, y)
endWP.DrawHandler = DrawMarker(X, y, endColor, 10)
AddL abel (endWP.DrawHandler, X, y, "2", startColor)
ccmGrid.ProjToCell(x, y, endWP.X0, endWP.Y0)
txtStop.Text = endWP.X0 & "," & endWP.YO0
StopPlotPoint()
Elself curState = CurrentStates. SetOptionPassPoint Then
Dim x, y AsDouble
Dim wp As New WayPointNode(WayPointNodeTypes.PassPoint)

AxMapl.Pixel ToProj(ex, ey, X, y)

wp.DrawHandler = DrawMarker(x, y, passPointColor, 10)
ccmGrid.ProjToCell(x, y, wp.XO0, wp.Y 0)

StopPl otPoint()

AddOption("mugaiifa”, wp)
Elself curState = CurrentStates. SetOptionNotPassPoint Then

Dimx, y AsDouble
Dimwp As New WayPointNode(WayPointNodeTypes.NotPassPoint)

AxMapl.Pixel ToProj(ex, ey, X, y)

wp.DrawHandler = DrawMarker(x, y, notPassPointColor, 10)
ccmGrid.Proj ToCell(x, y, wp.X0, wp.Y 0)

StopPlotPoint()

AddOption(" liruyaiiia”, wp)
Elself curState = CurrentStates. SetOptionAwayPoint Then
Dimx, y AsDouble
Dim wp As New WayPointNode(WayPointNodeTypes.FarFromPoint)

AxMapl.Pixel ToProj(ex, ey, X, y)

wp.DrawHandler = DrawMarker(x, y, notPassPointColor, 10)
ccmGrid.ProjToCéll(x, y, wp.X0, wp.Y 0)

StopP otPoint()

wp.Attributes. Add(numOptDistance.Value)
AddOption("#annganna”, wp)
Elself curState = CurrentStates. SetOptionBridge Then

Dim x, y AsDouble
Dim wp As New WayPointNode(WayPointNodeTypes.Bridge)

AxMapl.Pixel ToProj(ex, ey, X, y)
ccmGrid.ProjToCell(x, y, wp.X0, wp.Y 0)

‘asvdeugainanifiiniel
Dim river = waterGrid(cmbSeason. Sel ectedindex).Value(wp.X0, wp.Y0)
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If CInt(river) <> 0 Then
MsgBox("gannuaan lulsusith lisunsoadwazwnn1a”, MsgBoxStyle.Exclamation)

Else
wp.DrawHandler = DrawMarker(X, y, bridgePointColor, 10)
wp.Attributes.Add(ClInt(numOptBridgeHour.Value))
wp.Attributes.Add(Clnt(numOptBridgeMinute.Vaue))

AddOption("a%azwiu”, wp)
End If

StopPlotPoint()

Else
‘TEST
Dimx, y AsDouble
Dim cx, cy AsInteger
AxMapl.Pixel ToProj(ex, ey, X, y)
ccmGrid.ProjToCell(x, v, ¢x, cy)

If valueLableDH = -1 Then
valueLableDH =
AxMapl.NewDrawing(MapWinGI S.tkDrawReferencel ist.dl SpatiallyReferencedList)
End If

AddL abel (valueL ableDH, X, y, Clnt(ccmGrid.Value(cx, cy)). ToString, valuel. abel Color)
'StopPl otPoint()
End If
End Sub

Private Sub StopPlotPoint()
rbPan.Checked = True
AxMapl.CursorMode = MapWinGl S.tkCursorM ode.cmPan
AxMapl.SendMouseDown = False
curState = CurrentStates.StandBy
End Sub

" S muagAiT Iy
Private Sub btnSetStart_Click(sender As System.Object, e As System.EventArgs) Handles
btnSetStart.Click
RemoveMarker(startWP.DrawHandl er)
Removel abel (startWP.DrawHandl er)
curState = CurrentStates.SetStart
AxMapl.CursorMode = MapWinGl S.tkCursorM ode.cmSel ection
AxMapl.SendMouseDown = True
txtStart. Text =""
End Sub

ﬁmuﬂ@ﬂéuqﬂ
Private Sub btnSetStop Click(sender As System.Object, e As System.EventArgs) Handles
btnSetStop.Click
RemoveMarker(endwWP.DrawHandler)
Removel abel (endWP.DrawHandl er)
curState = CurrentStates.SetStop
AxMapl.CursorMode = MapWinGI S.tkCursorM ode.cmSel ection
AxMapl.SendMouseDown = True
txtStop. Text =""
End Sub
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"o M ap Wluanuz zoomin
Private Sub rbZoomlin_CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles rbZoomln.CheckedChanged
AxMapl.CursorMode = MapWinGI S.tkCursorM ode.cmZoomin
End Sub

" nfasu Map fluaniuz zoom out

Private Sub rbZoomOut_CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles rbZoomOut.CheckedChanged
AxMapl.CursorMode = MapWinGl S.tkCursorM ode.cmZoomOut
End Sub

" wfdeu Map fusae pan
Private Sub rbPan_CheckedChanged(sender As System.Object, e As System.EventArgs) Handles
rbPan.CheckedChanged
Try
AxMapl.CursorMode = MapWinGlI S.tkCursorMode.cmPan

Catch ex As Exception

End Try
End Sub

" uaaariinae About
Private Sub AboutTool StripMenultem_Click(sender As System.Object, e As System.EventArgs)
Handles AboutT ool StripMenultem.Click
AboutBox.ShowDialog()
End Sub

Private Sub frmMain_FormClosed(sender As Object, e As
System.Windows.Forms.FormClosedEventArgs) Handles Me.FormClosed
Logoff()
End Sub

" grudoya Layer i save 131ulvld

Public Sub L oadL ayerData()
Dim filename = GetLayerFileName()
If System.|O.File.Exists(filename) Then
layerData.Clear()
layerData.ReadX ml(filename)
End If
End Sub
" TnaadeoyaiiowIsuuaastoyaiaz Map
Private Sub frmMain_L oad(sender As System.Object, e As System.EventArgs) Handles
MyBase.L oad
waasloudousy

SplashScreen.Show()

While Not SplashScreen.IsShown
Application.DoEvents()
End While

"Tnaavoyarienansly combo box

Me. PATHTY PETableAdapter.Fill(Me.CcmDataSet. PATHTY PE)
Me.SEASON T ableAdapter.Fill (Me.CcmDataSet. SEASON)
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Me.DURATIONTableAdapter.Fill(Me.CcmDataSet. DURATION)
Me.COMBATTableAdapter.Fill(Me.CcmDataSet. COMBAT)

"Trandoya Layer wanun
LoadLayerData()

"Tvian CCM layer usn

LoadCcmMap("CCM_TroopsD_D.img")
layerLHs(0) = ccmLH
RadioButtonl.Checked = True

‘sounlasudousy
SplashScreen.HideMe = True

Saszdieunihee
splitMain.SplitterDistance = 200
gpOptions.Dock = DockStyle.Fill

‘soumy Security naz Database winlily admin

If frmLogin.Permission <> 1 Then
mnuSecurity.Visible = False
mnuDatabase.Visible = False

End If

'waraf1eT18ves Layer usnga
ShowL ayer(0)
End Sub

" Traa Wit CCM lugiuuy Grid

Private Sub LoadCcmMap(filename As String)
Try
Me.Cursor = Cursors.WaitCursor
ccmGrid.Closg()
ccmGrid.Open(My. Settings.MapPath & "\" & filename)
ccmGridHeader = cemGrid.Header

Dim colorSchema As New MapWinGI S.GridColorScheme
colorSchema.NoDataColor =
System.Convert. ToUInt32(System.Drawing.Col or Transl ator. ToOle(System.Drawing.Col or.White))

Dim b0 As New MapWinGIS.GridColorBreak
bO.LowVaue=0
b0.LowColor =

System.Convert. ToUInt32(System.Drawing.ColorTranslator. ToOle(System.Drawing.Col or.Red))
bO.HighValue= 1.5
b0.HighColor =

System.Convert. ToUInt32(System.Drawing.ColorTranslator. ToOle(System.Drawing.Col or.Red))
colorSchema.l nsertBreak(b0)

Dim bl As New MapWinGIS.GridColorBreak
bl.LowVaue=15
bl.LowColor =
System.Convert. ToUInt32(System.Drawing.Color Trand ator. ToOle(System.Drawing.Color.Y e low))
bl.HighValue = 30
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b1.HighColor =
System.Convert. ToUInt32(System.Drawing.Color Trand ator. ToOle(System.Drawing.Color.Y el low))
colorSchema.l nsertBreak(bl)

Dim b2 As New MapWinGIS.GridColorBreak
b2.LowVaue =30
b2.LowColor =

System.Convert. ToUInt32(System.Drawing.ColorTranslator. ToOle(System.Drawing.Col or.Green))
b2.HighVaue = Double.MaxValue
b2.HighColor =

System.Convert. ToUInt32(System.Drawing.ColorTranslator. ToOl e(System.Drawing.Col or.Green))
colorSchema.lnsertBreak(b2)

Dim utils As New MapWinGI S.Utils

ccmRaster = utils.GridTolmage(ccmGrid, colorSchema, Nothing)

ccmRaster. DownsamplingM ode = MapWinGl S.tkl nterpol ationM ode.imNone
ccmRaster.UpsamplingM ode = MapWinGl S.tki nterpol ationM ode.imNone

AxMapl.Removel ayer(ccmLH)
ccmLH = AxMapl.AddLayer(ccmRaster, True)
AxMapl.Movel ayerBottom(AxMapl.get_LayerPosition(ccmLH))

‘clear nm point Sudu Auga iaz path Atummutana
RemoveMarker(startWP.DrawHandl er)
RemoveMarker(endWP.DrawHandler)
RemoveMarker(pathDH)

startWP.DrawHandler = -1

endWP.DrawHandler = -1

pathDH = -1

"W3ou Map uagdanes NUAUN
map = New Mapl nterface(ccmGrid)

astar.SetMap(map)
Catch ex As Exception
MsgBox(ex.Message, MsgBoxStyle.Critical, "Error")
Finally
Me.Cursor = Cursors.Default
End Try
End Sub

Traa ludmmudaimily layer Tmily map

Private Function LoadlmageMap(filename As String) As Integer
If String.IsNullOrEmpty(filename) Then Return -1

Me.Cursor = Cursors.WaitCursor

Try
Dim g As New MapWinGIS.Grid
g.0pen(My.Settings.MapPath & "\" & filename)
Dim gHeader = ccmGrid.Header

Dim colorSchema As New MapWinGI S.GridColorScheme
colorSchema.NoDataColor =
System.Convert. ToUInt32(System.Drawing.ColorTranslator. ToOle(System.Drawing.Col or.White))
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aasdnndeya layer fidmua'ly
Dim layer = GetLayerData(filename)

If layer IsNot Nothing Then
Dim items = layer.GetL ayerDescltemRows

Fori =0ToitemsLength- 1
Dim b0 As New MapWinGI S.GridColorBreak

Ifi=0Then
bO.LowVaue=0
Else
b0.LowVaue = items(i - 1).PixelVaue
End If
b0.LowColor =
System.Convert. ToUInt32(System.Drawing.ColorTrans ator. ToOl e(System.Drawing.Col or.FromA rgh(
items(i).Color)))
b0.HighVaue = items(i).PixelVaue
b0.HighColor =
System.Convert. ToUInt32(System.Drawing.ColorTrans ator. ToOl e(System.Drawing.Color.FromA rgh(
items(i).Color)))
colorSchema.l nsertBreak(b0)
Next
Else

colorSchema.UsePredefined(CType(g.Minimum, Double), CType(g.Maximum, Double),
MapWinGl S.PredefinedCol orScheme.Desert)
End If

Dim utils As New MapWinGIS.Utils

Dim r = utils.GridTolmage(g, colorSchema, Nothing)
r.DownsamplingM ode = MapWinGl S.tklnterpolationM ode.imNone
r.UpsamplingM ode = MapWinGl S.tklnterpolationM ode.imNone

Return AxMapl.AddLayer(r, True)

Catch ex As Exception
MsgBox(ex.Message, MsgBoxStyle.Critical, "Error")
Return 0

Finally
Me.Cursor = Cursors.Default

End Try

End Function

Private Sub L oadl mageGrid(filename As String, ByRef g As MapWinGIS.Grid)
If String.IsNullOrEmpty(filename) Then Exit Sub

Me.Cursor = Cursors.WaitCursor

Try
g = New MapWinGIS.Grid
0.0pen(My.Settings.MapPath & "\" & filename)
Catch ex As Exception
MsgBox(ex.Message, MsgBoxStyle.Critical, "Error")
Finally
Me.Cursor = Cursors.Default
End Try
End Sub



" Tvan Map

Private Sub btnLoadMap_Click(sender As System.Object, e As System.EventArgs) Handles

btnLoadMap.Click
Select Case cmbCombat. Sel ected ndex
Case0
Select Case cmbSeason. Sel ectedl ndex
Case0
If cmbDuration.Selectedindex = 0 Then
LoadCcmMap("CCM_TroopsD_D.img")
Else
LoadCcmMap("CCM_TroopsD_N.img")
End If
Casel
If cmbDuration.Selectedindex = 0 Then
LoadCcmMap("CCM_Troopsw_D.img")

Else
LoadCcmMap("CCM_TroopsW_N.img")
End If
End Select
Casel
Select Case cmbSeason. Sel ectedl ndex
Case0
LoadCcmMap("CCM_M113D.img")
Casel
LoadCcmMap("CCM_M113W.img")
End Select
Case 2
Select Case cmbSeason. Sel ectedl ndex
Case0
LoadCcmMap("CCM_M35D.img")
Casel
LoadCcmMap("CCM_M35W.img")
End Select
Case 3
Select Case cmbSeason. Sel ectedl ndex
Case0
LoadCcmMap("CCM_StingrayD.img")
Casel
LoadCcmMap("CCM_StingrayW.img")
End Select
Case4
Select Case cmbSeason. Sel ectedl ndex
Case0
LoadCcmMap("CCM_M113D.img")
Casel
LoadCcmMap("CCM_M113W.img")
End Select
Caseb
Select Case cmbSeason. Sel ectedl ndex
Case 0
LoadCcmMap("CCM_ScorpionD.img")
Casel
LoadCcmMap("CCM_ScorpionW.img")
End Select
End Select

End Sub
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Private Sub Tool StripMenulteml_Click(sender As System.Object, e As System.EventArgs) Handles
Tool StripMenulteml.Click
frnSetup.ShowDialog()
End Sub

Private Sub DisableControls()
Tamsrhamves controls fidray
mnuMain.Enabled = False
cmbCombat.Enabled = False
cmbDuration.Enabled = False
cmbSeason.Enabled = False
btnLoadMap.Enabled = False
btnOption.Enabled = False
btnSetStart.Enabled = False
btnSetStop.Enabled = False
btnStart.Enabled = False
btnStop.Enabled = True
GroupBox4.Enabled = False
chkShowVaue.Enabled = False
btnTestCell.Enabled = False

End Sub

mo g A )
!ﬂ‘UN’[’]uvlsUﬂ15ﬂu‘ﬁ1

Private_wps As New List(Of WayPointNode)
Private _startReportLine As Integer

ﬁwﬁmﬁﬁ'umtﬁaﬂﬁﬂﬂuﬁ
Private Sub Button2_Click(sender As System.Object, e As System.EventArgs) Handles
btnStart.Click
If String.IsNullOrEmpty(txtStart. Text) OrElse String.IsNull OrEmpty(txtStop. Text) Then
MSgBOX("Tﬂ'iﬂi:ufgﬂéné’fuuasgﬂ?;uqﬂﬁau", M sgBoxStyle.Exclamation)
Exit Sub
End If

Fams 1w control $1n31
DisableControls()

AUFUNIIMIAUN AN
RemoveMarker(pathDH)

'm‘%mjmﬁmm}ﬂﬁﬁum
pathDH = NewDrawingL ayer()

'Mviua waypoint
_wps.Clear()

YA IRY
_wps.Add(startWP)

L A A v Y
mingaawidou lunmsdum (§13)
Dimli AsListViewltem

For Each li In IvOption.ltems
Dim wp = CType(li.Tag, WayPointNode)
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If wp.Type = WayPointNodeTypes.Bridge Then
"HuARuULIEh
wp.OldVaue = CDbl(ccmGrid.Vaue(wp.X0, wp.Y 0))

mnmadeaznuduni udnhlddnamanutai g
Dim speed = (30.0/ (CDbl (wp.Attributes(0)) + CDbl(wp.Attributes(1)) / 60.0)) / 1000.0

v 3
"MHUANFIUN UL

ccmGrid.Vaue(wp.X0, wp.Y 0) = speed
End If

_wps.Add(wp)
Next

'Lﬁhﬂﬂé‘u@ﬂ
_wps.Add(endWP)

"Frantheeseay
IvOutput.ltems.Clear()

afrauuunsnuRala

li = IvOutput.ltems.Add("#amsauruduna”)

li.Subltems. Add("-")
li.Subl tems. Add("-")

li = lvOutput.|tems. Add("yaiifaiEudu")
li.Subltems.Add(txtStart. Text)
li.Subltems.Add(txtStart. Text)

li = IvOutput.Items. Add("yaiifaauga")
li.Subltems.Add(txtStop. Text)
li.Subltems.Add(txtStop. Text)

_startReportLine = IvOutput.ltems.Count - 2

li = lvOutput.Items.Add("ivew lv")

Ii.Subl tems. Add("")
li.Subl tems. Add("")

For Each li In IvOption.ltems
With CType(li.Tag, WayPointNode)

If .Type = WayPointNodeTypes.PassPoint Then
li = IvOutput.ltems. Add("-Aesrugaiiia ")
li.Subltems.Add(.X0& "," & .YO0)
li.Subltems.Add(.X0 & "," & .Y0)

Elself .Type = WayPointNodeTypes.NotPassPoint Then
li = lvOutput.ltems. Add("-¥wriugaiina ")
li.Subltems.Add(.X0 & "," & .YO0)
li.Subltems.Add(.X0 & "," & .YO0)

Elself .Type = WayPointNodeTypes.FarFromPoint Then
li = IvOutput.ltems.Add("-v1eanganida ")



li.Subltems.Add(.X0 & "" & .YO & " fluszezme " & Clnt(Attributes(0)) & " was")

li.Subltems. Add(.X0 & "," & .YO & " ifluszozma " & CInt(.Attributes(0)) & " mns")
Elself .Type = WayPointNodeTypes.PassArea Then
li = IvOutput.ltems. Add("-runun ")
li.Subltems.Add(.X0& """ & .YO&"-"& X1&"" & .Y])
li.Subltems.Add(.X0& """ & .YO&"-"& X1&"" & .Y]1)
Elself .Type = WayPointNodeTypes.NotPassArea Then
li = IvOutput.ltems. Add("-#wruiiui "
li.Subltems.Add(.X0& "" & .YO&"-"& X1&"" & .Y])
li.Subltems.Add(.X0& "" & .YO&"-"& X1&"" & .Y]1)
Elself .Type = WayPointNodeTypes.Bridge Then
li = lvOutput.ltems. Add("-Twazmuiiga ")
li.Subltems.Add(.X0 & "," & .Y0)
li.Subltems.Add(.X0 & "," & .Y0)
End If
End With
Next

li = IVOutput.ItemsAdd("wﬂzmasmﬁmm")

li.Subl tems. Add("-")
li.Subl tems. Add("-")

li = IVOutput.ItemsAdd("nmﬁi«i’i’iumnﬁumu")

li.Subltems. Add("-")
li.Subl tems. Add("-")

"d1981 Label

If valueLableDH > -1 Then
Removel abel (valuel ableDH)
valueLableDH =-1

End If

If chkShowV alue.Checked Then
valueLableDH =

AxMapl.NewDrawing(MapWinGl S.tkDrawReferencel ist.dl SpatiallyReferencedList)
End If

'Eumiﬁ’uwumu&y”uﬁqaﬁau

astar.SearchM ode = SearchTypes.Shortest
_collndex =1

DoSearch()

'ﬁmﬁﬁ’umgmuﬁaﬁqﬂ@ia

If Not My.Settings.PathStep Then
_collndex =2
astar.SearchMode = SearchTypes.Fastest
DoSearch()

‘lamsldan controls
EnableControls()
End If
End Sub
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" hmsAum
Private Sub DoSearch()

If My.Settings.PathStep Then
msdun laguaasiiay step
astar. X Prepare(_wps)
tmPathStep.Start()

Else
YhmsAunazuaaanaiife)

astar.X Prepare(_wps)

While astar. X GetNode(AddressOf DebugSub)
End While

SearchSuccess()
End If
End Sub

" nadumsiing Tasmsinuadmmzasly
Private Sub DrawFina Path()
resultPaths = astar.GetResult. ToArray
Dim x, y AsDouble

For Each p In resultPaths
ccmGrid.Cell ToProj(p.X, p.Y, X, y)
DrawMarker(pathDH, x, y, finalPathCol or(astar.SearchMaode), 15)

Yinnaasadnayly call inudae
If valueLableDH > -1 Then

AddL abel (valuelL ableDH, x, y, Cint(ccmGrid.Vaue(p.X, p.Y)).ToString, valuel abel Color)
End If

If My.Settings.PathStep Then
Threading. Thread.Sleep(100)
Application.DoEvents()

End If

Next
End Sub

Public Sub DebugSub(row As Integer, col As Integer)
Dimx, y AsDouble
ccmGrid.Cell ToProj(row, cal, X, y)
DrawMarker(pathDH, x, y, pathsColor, 5)

aasrilizsh cell firu
AddLabel(valueLableDH, x, y, Cint(ccmGrid.Vaue(row, col)).ToString, valuel abel Color)
End Sub

Private Sub tmPathStep_Tick(sender As System.Object, e As System.EventArgs) Handles
tmPathStep.Tick
If Not astar.X GetNode(AddressOf DebugSub) Then
tmPathStep.Stop()
SearchSuccess()

‘ﬁmﬁﬁ'umzmuﬁaﬁqmia
If astar.SearchM ode = SearchTypes.Shortest Then



_collndex =2
astar.SearchMode = SearchTypes.Fastest
DoSearch()

Else

0 v 3 g £
MMIAUNR UV ULTUTIITUY

'Alamsldan controls

EnableControls()
End If
End If
End Sub

Private Sub WriteOutput(rowlndex As Integer, colIndex As Integer, value As String)
IvOutput.ltems(rowlndex).Subltems(col | ndex).Text = value
End Sub

Private _collndex As Integer

dszuanadumatihvne

Private Sub SearchSuccess()
astar. XFinalize()

If astar.IsFound Then
DrawFina Path()

WriteOutput(0, _collndex, "wuganiung")

" o 4 -
mAszeznanunanlFlumaduna

Dim distance = 0.0

Dimtime=0.0

Dim prevWp As WinCCMLih.Node = Nothing
Dim dst As Double

For Each wp In resultPaths
dst =30.0

' a y A '
mwmnmmummﬂmaumwmnma"ln

If prevWp IsNot Nothing Then
If (wp.X - prevWp.X) <> 0 AndAlso (wp.Y - prevWp.Y) <> 0 Then
dst = 42.43
End If
End If

distance += dst
time += (60 / (wp.Speed * 1000)) * dst
prevWp = wp

Next

Dim h = (CInt(time) \ 60)
Dim m = CInt(time) - (h * 60)
Dim xs = CStr(time)
Dimss=""

Dim xn = xs.IndexOf(".")
If xn>0 Then
Dim tmp = CDbl(Mid(xs, xn + 1))
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ss = CStr(Math.Round(tmp * 60.0, 0))
End If

WriteOutput(IvOutput.ltems.Count - 2, _collndex, Math.Round(distance/ 1000, 2) & " nu.")

WriteOutput(lvOutput.ltems.Count - 1, collndex, h& " au." & m& " ni " & ss& " ")
Else
WriteOutput(0, _colIndex, " Linugavua!™)

End If
End Sub

Private Sub EnableControls()
mnuMain.Enabled = True
cmbCombat.Enabled = True
cmbDuration.Enabled = True
cmbSeason.Enabled = True
btnLoadMap.Enabled = True
btnOption.Enabled = True
btnSetStart.Enabled = True
btnSetStop.Enabled = True
btnStart.Enabled = True
btnStop.Enabled = False
GroupBox4.Enabled = True
chkShowVaue.Enabled = True
btnTestCell.Enabled = True

End Sub

Private Sub btnStop_Click(sender As System.Object, e As System.EventArgs) Handles
btnStop.Click

"Wamsvhawes controls Ndna

‘astar.StopSearch()

tmPathStep.Stop()

EnableControls()
End Sub

" gou/udas Layer fden

Private Sub chkLayers ItemCheck(sender As Object, e As
System.Windows.Forms.ItemCheckEventArgs)

‘souLan layer

If layerLHs(e.lndex) <> -1 Then
AxMapl.set_LayerVisible(layerLHs(e.Index), e NewV alue = CheckState.Checked)
End If
End Sub

Private Sub ExitTool StripMenultem_Click(sender As System.Object, e As System.EventArgs)
Handles ExitTool StripMenultem.Click
Logoff()
End Sub

Private Sub SettingsT ool StripMenultem_Click(sender As System.Object, e As System.EventArgs)
Handles SettingsT ool StripMenultem.Click
frnSetup.ShowDialog()
End Sub

Private Sub AboutTool StripMenulteml_Click(sender As System.Object, e As System.EventArgs)
Handles AboutT ool StripMenultem1.Click
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AboutBox.ShowDialog()
End Sub

Private Sub btnOption_Click(sender As System.Object, e As System.EventArgs) Handles
btnOption.Click
gpOptions.Visible = True
End Sub

Private Sub Button2_Click 1(sender As System.Object, e As System.EventArgs) Handles
Button2.Click
gpOptions.Visible = False
End Sub

Private Sub btnOptionPassPoint_Click(sender As System.Object, e As System.EventArgs) Handles
btnOptPassPoint.Click
curState = CurrentStates. SetOpti onPassPoint
AxMapl.CursorMode = MapWinGI S.tkCursorM ode.cmSel ection
AxMapl.SendMouseDown = True
End Sub

Private Sub btnOptionl Click(sender As System.Object, e As System.EventArgs) Handles
btnOptionl1.Click
curState = CurrentStates. SetOptionNotPassPoint
AxMapl.CursorMode = MapWinGI S.tkCursorM ode.cmSel ection
AxMapl.SendMouseDown = True
End Sub

Private Sub btnOption2_Click(sender As System.Object, e As System.EventArgs) Handles
btnOption2.Click
If numOptDistance.Vaue = 0 Then
MsgBox (" Tilsaszyszaznneu”, MsgBoxStyle.Exclamation)

Else
curState = CurrentStates.SetOptionAwayPoint
AxMapl.CursorMode = MapWinGlI S.tkCursorM ode.cmSel ection
AxMapl.SendMouseDown = True
End If
End Sub

Tnuaiuifdeuns
Private Sub btnOption3_Click(sender As System.Object, e As System.EventArgs) Handles
btnOption3.Click
curState = CurrentStates.SetOptionPassArea
AxMapl.CursorMode = MapWinGI S.tkCursorM ode.cmSel ection
AxMapl.SendSelectBoxFinal = True
End Sub

Private Sub AxMapl_SelectBoxFinal (sender As Object, e As
AxMapWinGIS. DMapEvents SelectBoxFinal Event) Handles AxMapl.SelectBoxFinal
If curState = CurrentStates.SetOptionPassArea Then
Dim x0, y0, x1, y1 As Double
Dim wp As New WayPointNode(WayPointNodeTypes.PassArea)

AxMapl.Pixel ToProj(e.left, e.top, X0, y0)

AxMapl.Pixel ToProj(e.right, e.bottom, x1, y1)
wp.DrawHandler = DrawRect(x0, y0, x1, y1, passPointColor, 1)
ccm@Grid.Proj ToCell(x0, yO, wp.X0, wp.Y0)
ccmGrid.ProjToCell(x1, y1, wp.X1, wp.Y1)
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AddOption("vhuﬁuﬁﬁixu", wp)
Elself curState = CurrentStates. SetOptionNotPassArea Then

Dim x0, y0, x1, y1 As Double
Dim wp As New WayPointNode(WayPointNodeTypes.NotPassArea)

AxMapl.Pixel ToProj(e.left, e.top, X0, y0)

AxMapl.Pixel ToProj(e.right, e.bottom, x1, y1)

wp.DrawHandler = DrawRect(x0, y0, X1, y1, notPassPointColor, 1)
ccmGrid.Proj ToCell(x0, yO, wp.X0, wp.Y0)
ccmGrid.ProjToCell(x1, y1, wp.X1, wp.Y1)

AddOption("furuituiiiszy”, wp)
End If

rbPan.Checked = True
AxMapl.CursorMode = MapWinGlI S.tkCursorM ode.cmPan
AxMapl.SendSelectBoxFinal = False
curState = CurrentStates.StandBy
End Sub

" AR
Private Sub btnOption4_Click(sender As System.Object, e As System.EventArgs) Handles
btnOption4.Click
curState = CurrentStates.SetOptionNotPassArea
AxMapl.CursorMode = MapWinGlI S.tkCursorM ode.cmSel ection
AxMapl.SendSelectBoxFinal = True
End Sub

" Suagaiadadznu
Private Sub btnOption5_Click(sender As System.Object, e As System.EventArgs) Handles
btnOption5.Click
If numOptBridgeHour.Vaue = 0 AndAlso numOptBridgeMinute.Value = 0 Then
MsgBox("Tilsaszynannlgainazwunen”, MsgBoxStyle.Exclamation)

Else
If cmbSeason.Selectedindex = 0 Then
Traa grid mivhmfuda
If waterGrid(0) Is Nothing Then
LoadlmageGrid("Stream_Dry30m.img", waterGrid(0))
End If
Else
Tran grid it
If waterGrid(1) Is Nothing Then
L oadlmageGrid(" Stream_Wet30m.img", waterGrid(1))
End If
End If

curState = CurrentStates.SetOptionBridge
AxMapl.CursorMode = MapWinGl S.tkCursorM ode.cmSel ection
AxMapl.SendMouseDown = True
End If
End Sub
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Private Sub veuanugTool StripMenultem_Click(sender As System.Object, e As System.EventArgs)

Handles vewanuisTool StripMenultem.Click

frmDbCombat.ShowDialog()
End Sub

Private Sub veuaununTool StripMenultem_Click(sender As System.Object, e As System.EventArgs)

Handles vewaununTool StripMenultem.Click

frmDbMap.ShowDialog()
End Sub

Private Sub veauayaana1Tool StripMenultem_Click(sender As System.Object, e As

System.EventArgs) Handles vewariaanTool StripMenultem.Click

frmDbDuration.ShowDial og()
End Sub

Private Sub weuaganaTool StripMenultem_Click(sender As System.Object, e As System.EventArgs)

Handles vewagamaTool StripMenultem.Click

frmDbCondition.ShowDial og()
End Sub

Private Sub veuailszinnauniaTool StripMenultem Click(sender As System.Object, e As

System.EventArgs) Handles vauailszinnauniaTool StripMenultem.Click

frmDbPathType.ShowDial og()
End Sub

Private Sub veuasaTool StripMenultem_Click(sender As System.Object, e As System.EventArgs)

Handles vouasaTool StripMenultem.Click

frmDbRank.ShowDialog()
End Sub

Private Sub veuanlyauTool StripMenulteml_Click(sender As System.Object, e As

System.EventArgs) Handles vouanlasiuTool StripMenultem1.Click

frmDbUser.ShowDialog()
End Sub

Private Sub seuamslssuszuuTool StripMenulteml_Click(sender As System.Object, e As

System.EventArgs) Handles vauams lvauszuuTool StripMenulteml.Click

frmDbL ogin.ShowDia og()
End Sub

Private Sub weuaszaueans Tool StripMenulteml_Click(sender As System.Object, e As

System.EventArgs) Handles vewaszauans T ool StripMenultem1.Click

frmDbPermission.ShowDial og()
End Sub

Private Sub Buttonl Click(ByVal sender As System.Object, ByVal e As System.EventArgs)
Handles btnTestCell.Click
If curState <> CurrentStates. Test Then
curState = CurrentStates. Test
AxMapl.CursorMode = MapWinGl S.tkCursorMode.cmSel ection
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AxMapl.SendMouseDown = True
Else
StopPlotPoint()
End If
End Sub

Private Sub HideAllLayer(exception As Integer)
Fori=0TolayerLHs.Length- 1
If i <> exception AndAlso layerLHs(i) > -1 Then
AxMapl.set_LayerVisible(layerLHs(i), False)
End If
Next
End Sub

Private Function GetL ayerData(mapFilename As String) As CcmDataSet.L ayerDescRow
For i = 0 To layerData.LayerDesc.Rows.Count - 1
If layerData.L ayerDesc(i).MapFileName = mapFilename Then
Dim layer = layerData.LayerDesc.FindByID(layerData.L ayerDesc(i).ID)
Return layer
End If
Next

Return Nothing
End Function

Private Sub ShowL ayer(index As Integer)
If layerNames(index) <>"" Then
HideAllLayer(index)

If layerLHs(index) = -1 Then

layerL Hs(index) = L oadl mageM ap(layerNames(index))
Else

AxMapl.set_L ayerVisible(layerLHs(index), True)
End If

'waasmed e layer doya
Dim layer = GetLayerData(layerNames(index))

If layer IsNot Nothing Then
Ivinfo.ltems.Clear()

Dim descs = layer.GetL ayerDescltemRows

For Each item In descs
Dim i = Ivinfo.ltems. Add("")
li.UseltemStyleForSubltems = False
li.Subltems(0).BackColor = Color.FromArgb(item.Color)
li.Subltems.Add(item.Title)
Next
End If
End If
End Sub

Private Sub RadioButton2_CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton2.CheckedChanged
If RadioButton2.Checked Then ShowL ayer(1)
End Sub
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Private Sub RadioButton1 CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton1.CheckedChanged
If RadioButton1.Checked Then ShowL ayer(0)
End Sub

Private Sub RadioButton4_CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton4.CheckedChanged
If RadioButton4.Checked Then ShowLayer(3)
End Sub

Private Sub RadioButton5 CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton5.CheckedChanged
If RadioButton5.Checked Then ShowL ayer(4)
End Sub

Private Sub RadioButton6_CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton6.CheckedChanged
If RadioButton6.Checked Then ShowL ayer(5)
End Sub

Private Sub RadioButton7_CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton7.CheckedChanged
If RadioButton7.Checked Then ShowL ayer(6)
End Sub

Private Sub RadioButton8 CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton8.CheckedChanged
If RadioButton8.Checked Then ShowL ayer(7)
End Sub

Private Sub RadioButton9 _CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton9.CheckedChanged
If RadioButton9.Checked Then ShowL ayer(8)
End Sub

v
" AT UVDINYNT T

Private Sub RadioButton10_CheckedChanged(sender As System.Object, e As System.EventArgs)
Handles RadioButton10.CheckedChanged
If RadioButton10.Checked Then ShowLayer(9)
End Sub

" auifen lviidensenainsiemsidenly
Private Sub Button3_Click(sender As System.Object, e As System.EventArgs) Handles
Button3.Click
For Each li AsListViewltem In lvOption.Selecteditems
Dimwp = CType(li.Tag, WayPointNode)

RemoveMarker(wp.DrawHandler)

‘AU
If wp.Type = WayPointNodeTypes.Bridge Then

ccmGrid.Vaue(wp.X0, wp.Y0) = wp.OldValue
End If

li.Remove()
Next
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End Sub

" aawauagy
Private Sub btnReportPreview_Click(sender As System.Object, e As System.EventArgs) Handles
btnReportPreview.Click
Dim htmlFilename = System.| O.Path.GetDirectoryName(A ppli cation.ExecutablePath) &
“\report.htm"
CreateReport(htmlFilename)
frmReport.RunForm(htmlFilename)
End Sub

Private Sub CreateReport(htmlFilename As String)
"Wufina i
Dim image As New MapWinGIS.Image
Dim extents As MapWinGI S.Extents

extents = CType(AxMapl.Extents, MapWinGI S.Extents)
image = CType(AxMapl.SnapShot(extents), MapWinGl S.Image)

Dim imgFilename = htmlFilename & ".gif"

If Not image.Save(imgFilename, False, MapWinGIS.ImageType.GIF_FILE) Then
MsgBox(" liaunsatiuiin Ildmmunnui 13", MsgBoxStyle.Critical)
Else
afeaseanuuuy HTML
Dim sw As New System.lO.StreamWriter(htmlFilename, False, System.Text.Encoding.UTF8)

Try
sw.WriteLine("<html>")
sw.WriteLine("<head>")
sw.WriteLine("<title>WinCCM - sionunamsauvndunia</title")
sw.WriteLine("</head>")
sw.WriteLineg("<body><center>")
sw.WriteLine("<h2>51oaumansaunndunia</h2>")

sw.WriteLine(" <h3>nmumuiimsdum</h3>")

sw.WriteLineg("<p><img src=""" & 10.Path.GetFileName(imgFilename) & """ border=""1""
/><Ip>")

sw.WriteLine("<h3>aqramsdunidumaiivesnioe (" & cmbCombat. Text & ")</h3>")

sw.WriteLine("<table border=""1"" cellpadding=""4"" cellspacing=""0"" style=""boder-
collapse: collapse"'>")
sw.WriteLine("<tr style=""font-weight:bold"">"

For Each col As ColumnHeader In lvOutput.Columns
sw.WriteLine("<td>" & col.Text & "</td>")
Next

sw.WriteLine("</tr>")

For Each li AsListViewltem In lvOutput.ltems
sw.WriteLine("<tr>")
sw.WriteLine("<td>" & li.Text & "</td>")
sw.WriteLine("<td>" & li.Subltems(1). Text & "</td>")
sw.WriteLine("<td>" & li.Subltems(2).Text & "</td>")
sw.WriteLine("</tr>")

Next
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sw.WriteLine("</table>")
sw.WriteLine("</center></body>")
sw.WriteLine("</html>")
Catch ex As Exception
MsgBox("iAateranain: " & ex.Message, MsgBoxStyle.Critical)
Finaly
sw.Close()
End Try
End If
End Sub

m A J 9 I d
WUNHANTAUNIDDNINIUATOINUN

Private Sub btnReportPrint_Click(sender As System.Object, e As System.EventArgs) Handles
btnReportPrint.Click
Dim htmlFilename = System.| O.Path.GetDirectoryName(A pplication.ExecutablePath) &
“\report.htm"
CreateReport(htmlFilename)
frmReport.RunForm(htmlFilename, True)
End Sub

" fufinmamsdunuilulia HTML
Private Sub btnReportSave Click(sender As System.Object, e As System.EventArgs) Handles

btnReportSave.Click
SaveFileDialogl.Filter ="* .htm[*.htm"

If SaveFileDialogl.ShowDiaog = Windows.Forms.DialogResult.OK Then
CreateReport(SaveFileDia ogl.FileName)
MsgBox("vmaifuiinIndswau ™ & SaveFileDialogl.FileName & "' Govdeouda”,

MsgBoxStyle.Information)
End If
End Sub

Private Sub cmbCombat_SelectedindexChanged(ByVa sender As Object, ByVal e As
System.EventArgs) Handles cmbCombat. Sel ectedl ndexChanged
If cmbCombat.Selectedindex = 0 Then
cmbDuration.Enabled = True
Else
cmbDuration.Enabled = False
End If
End Sub

Public Function GetL ayerFileName() As String
Dim sPath As String
Dim nindex As Integer
sPath = Trim(System.Reflection.Assembly.GetExecutingAssembly().L ocation)
nindex = sPath.L astIndexOf ("\")
SPath = sPath.Substring(0, nindex)

Return sPath & "\layer_desc.xml"
End Function

Private Sub unludesuiesuvenaTool StripMenultem_Click(sender As System.Object, e As

System.EventArgs) Handles un'lusesuneryuveuaTool StripMenul tem.Click

frmLayerEditor.ShowDial og()
End Sub
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" Clear wihe+
Private Sub Buttonl Click 1(sender As System.Object, e As System.EventArgs) Handles
Buttonl.Click
ClearAllMarkers()
End Sub

m Y a 43
ANYANUTAIUULNUNIINHNA

Private Sub ClearAllMarkers()
RemoveMarker(startWP.DrawHandl er)
RemoveMarker(endWP.DrawHandler)
RemoveMarker(pathDH)
RemoveMarker(valuel ableDH)

startWP.DrawHandler = -1
endWP.DrawHandler = -1
pathDH = -1
valueLableDH = -1

IvOutput.ltems.Clear()

For Each li AsListViewltem In IvOption.Selecteditems
Dimwp = CType(li.Tag, WayPointNode)
RemoveMarker(wp.DrawHandler)

Next

End Sub
End Class

B.2 A Star Search (A*)

Imports System.Drawing
Namespace A Star
Public Class PathFinder
Implements | PathFinder

" Defines map offsets and movement cost for nodes adjacent to
"™ another node.
Private Structure AdjacentNode

" The relative position of the adjacent node.

Public Offset As Point
" The cost of moving to the adjacent node.
Public Cost As Double

End Structure

" The map used for pathfinding.
Private Map AsIMap

" Set of nodes adjacent to any given node.

" The cost of moving along adiagonal is defined as 1.4 times the
" cost of moving horizontally or vertically.

Private AdjacentNodes As AdjacentNode()

" Collection of al of the nodes used for pathfinding.
Private PathMap As PathNode(,)
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" List of nodes making up aparticular path.
Private Path As Stack(Of Node)

" Gets or setsaopen list of path nodes.

Private OpenList As OpenList

Private _wayPoints As New List(Of WayPointNode)
Private _startWayPoint As WayPointNode

Private _endWayPoint As WayPointNode

Private _currWayPoint As Integer

Private finalNode As PathNode

" Creates a new PathFinder object.
Sub New()
ReDim AdjacentNodes(7)

AdjacentNodes(0) = New AdjacentNode
AdjacentNodes(0).Offset = New Point(-1, -1)
AdjacentNodes(0).Cost = 14

AdjacentNodes(1) = New AdjacentNode
AdjacentNodes(1).Offset = New Point(0, -1)
AdjacentNodes(1).Cost = 10

AdjacentNodes(2) = New AdjacentNode
AdjacentNodes(2).Offset = New Point(1, -1)
AdjacentNodes(2).Cost = 14

AdjacentNodes(3) = New AdjacentNode
AdjacentNodes(3).Offset = New Point(-1, 0)
AdjacentNodes(3).Cost = 10

AdjacentNodes(4) = New AdjacentNode
AdjacentNodes(4).Offset = New Point(1, 0)
AdjacentNodes(4).Cost = 10

AdjacentNodes(5) = New AdjacentNode
AdjacentNodes(5).Offset = New Point(-1, 1)
AdjacentNodes(5).Cost = 14

AdjacentNodes(6) = New AdjacentNode
AdjacentNodes(6).Offset = New Point(0, 1)
AdjacentNodes(6).Cost = 10

AdjacentNodes(7) = New AdjacentNode
AdjacentNodes(7).Offset = New Point(1, 1)
AdjacentNodes(7).Cost = 14

End Sub

" Reset all data structures used for pathfinding.
Private Sub Reset()

'wnidn node figndum lilud
OpenList.Clear()

'reset ao1uy node miﬁ'umﬁwm

For Each node In PathMap
node.Reset()
Next



Yimsw waypoint @ li1duudauiivasly map
For Each wp In _wayPoints
If wp.Type = WayPointNodeTypes.NotPassPoint Then
'Frnuagafivuru
PathMap(wp.X0, wp.Y 0).Status = NodeStatus.Closed
Elself wp.Type = WayPointNodeTypes.FarFromPoint Then
‘Sriuagaiiumuuuuuszezig

Dim half = (CInt(wp.Attributes(0)) \ 2) \ 30 'misaao 30 ieanin 1 yaiia 30 was

For x =wp.X0 - half Towp.X0 + half
Fory =wp.YO - half Towp.YO + half
PathMap(x, y).Status = NodeStatus.Closed
Next
Next
Elself Wp;Type = WayPointNodeTypes.NotPassArea Then
Svua iR
For x = wp.X0 Towp.X1
Fory =wp.YO Towp.Y1
PathMap(X, y).Status = NodeStatus.Closed
Next
Next
End If
Next

'‘Fmuaaaiuzndan line

_isFound = False
End Sub

Public Function GetResult() As System.Collections.Generic.List(Of Node) | mplements

| PathFinder.GetResult
Return Path.ToList
End Function

m o 2

sauduman ludadhane' 13y stack

Public Sub XFinalize() Implements | PathFinder. XFinalize
Do
Path.Push(_finalNode)
_finalNode = _finalNode.Parent
Loop While_finalNode IsNot Nothing
End Sub

" MU

Public Function XGetNode(debugSub As DebugPath) As Boolean |mplements
| PathFinder. X GetNode
'Get the node that we think is closest to the destination.
Dim node = OpenList.GetBestOpenNode

If node Is Nothing Then
'‘No path isfound, so stay at start location.
PathMap(_startWayPoint.X0, _startWayPoint.Y 0).AddToOpenList()
node = OpenList.GetBestOpenNode()
Path.Push(CType(node, PathNode))
_isFound = False
_finalNode = node

192
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Return False
End If

Dim x, y As Integer

'Have we found our destination?
If Not (node. X = _endWayPoint.X0 AndAlso node.Y = _endWayPoint.Y0) Then

'Search each adjacent node.

For index = 0 To AdjacentNodes.Length - 1
x = node.X + AdjacentNodes(index).Offset.X
y =node.Y + AdjacentNodes(index).Offset.Y

If (x >=0) AndAlso (x < Map.Width) AndAlso (y >= 0) AndAlso (y < Map.Height))
Then
Dim newNode = PathMap(X, y)
newNode.Speed = Map.Speed(x, )

If Not newNode.lsClosed AndAlso Map.IsTileClear(x, y) Then
Dim costFromStart As Double

If _searchMode = SearchTypes.Shortest Then
costFromStart = node.CostFromStart + AdjacentNodes(index).Cost
Else
"TODO: e lilaudie node iiiar cost Wosas
costFromStart = node.CostFromStart + AdjacentNodes(index).Cost + (_maxSpeed

- newNode.Speed)
End If

If Not newNode.|sOpen Then
'‘Add the node to the open list.
Dim tmpX = _endWayPoint.X0 - x
DimtmpY =_endWayPoint.YO - y
Dim distanceFromDestination = 10 * (Math.Abs(tmpX) + Math.Abs(tmpY))

newNode.AddToOpenL.ist(node, costFromStart, distanceFromDestination)
debugSub(node.X, node.Y)

Elself costFromStart < newNode.CostFromStart Then
"This path is faster than the previous one
'found for this node, so update it.
newNode.UpdateOpenNode(node, costFromStart)
debugSub(node.X, node.Y)

End If

End If
End If
Next
End If

_finalNode = node

If Not (node.X = _endWayPoint.X0 AndAlso node.Y = _endWayPoint.Y0) Then
"liasreaeulu node da'lal

Return True
Else
‘wutanemanda

"laléfs waypoint i 11

'yaEuAUN Waypoint aiga



_startWayPoint = _endWayPoint
_endWayPoint = GetNextWaypoint()

If _endWayPoint Is Nothing Then
"l5ifl waypoint miasuda liganisaum

= Y v
dathvuendn

_isFound = True
Return False

Else
2 v o 9 e
unamsaumngathmunei
Do

Path.Push(_finalNode)
_finalNode = _finalNode.Parent
Loop While _finalNode IsNot Nothing

wysumisum lUsadhnuedaly
Reset()

'Mvua node Fuduliialald

PathMap(_startWayPoint.X0, _startWayPoint.Y 0).AddToOpenList()

End If
Return True
End If
End Function

Private_maxSpeed As Double

mo v
TIUNITAUN
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Public Sub XPrepare(waypoints As List(Of WayPointNode)) I mplements | PathFinder. X Prepare

'Mnuagaiou luae
_wayPoints = waypoints

Y o Id & 9y v ' o
ﬂNWaﬂ‘W‘ﬁmﬂU%mﬂﬂﬁﬂuWWﬂ@uﬁuW
Path.Clear()

"Funn waypoint 1sn c?fmgﬂui;ﬂ start terue
_startWayPoint = _wayPoints(0)

11 waypoint ifhvuensn
_currWayPoint = 0
_endWayPoint = GetNextWaypoint()

'Reset current path, open list, and status of every node.
Reset()

'¥ine1 max speed
_maxSpeed = Map.MaxSpeed

"R NAY

PathMap(_startWayPoint. X0, _startWayPoint.Y 0).AddToOpenList()
End Sub
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Private Function GetNextWaypoint() As WayPointNode
Dim wp As WayPointNode = Nothing

For i = _currWayPoint + 1 To _wayPoints.Count - 1

If _wayPoints(i). Type = WayPointNodeTypes.PassPoint Then
"WugausniReariy
wp = _wayPoints(i)
_currWayPoint =i
Exit For

Elself _wayPoints(i). Type = WayPointNodeTypes.PassArea Then
WAL nide L mﬁgﬂg{uf‘fﬂmwmﬁuﬁfm

wp = New WayPointNode
wp.X0 = CInt(_wayPoints(i).X0 + ((_wayPoints(i).X1 - _wayPoints(i).X0) / 2))
wp.Y 0 = CInt(_wayPoints(i).YO + ((_wayPoints(i).Y1 - _wayPoints(i).YQ) / 2))
_currWayPoint =i
Exit For
End If
Next

Return wp
End Function

Private _isFound As Boolean
Public ReadOnly Property IsFound As Boolean | mplements | PathFinder.|sFound
Get
Return _isFound
End Get
End Property

Private _searchMode As SearchTypes
Public Property SearchMode As SearchTypes | mplements | PathFinder.SearchM ode
Get
Return _searchMode
End Get
Set(value As SearchTypes)
_searchMode = value
End Set
End Property

Public Sub SetMap(map As IMap) Implements | PathFinder.SetMap
MeMap = map
OpenList = New OpenList()
Path = New Stack(Of Node)(map.Width * map.Height)
ReDim PathMap(map.Width - 1, map.Height - 1)

For x =0 To map.Width - 1
Fory =0 To map.Height - 1
PathMap(x, y) = New PathNode(OpenList, x, y)
Next
Next
End Sub

End Class
End Namespace



B.3 Breadth First Search (BFS)

Imports System.Drawing

Namespace Bfs
Public Class PathFinder
Implements | PathFinder

Private Map AsIMap

Private AdjacentNodes As Point()

Private PathMap As PathNode(,)

Private waypoints As List(Of WayPointNode)
Private _startWayPoint As WayPointNode
Private _endWayPoint As WayPointNode
Private _currWayPoint As Integer

Private _result As New List(Of Node)

Sub New()
ReDim AdjacentNodes(7)
AdjacentNodes(0) = New Point(-1, -1)
AdjacentNodes(1) = New Point(0, -1)
AdjacentNodes(2) = New Point(1, -1)
AdjacentNodes(3) = New Point(-1, 0)
AdjacentNodes(4) = New Point(1, 0)
AdjacentNodes(5) = New Point(-1, 1)
AdjacentNodes(6) = New Point(0, 1)
AdjacentNodes(7) = New Point(1, 1)

End Sub

Private Sub Reset()
_queue.Clear()

For Each p In PathMap
p.lsVisited = False
p.Parent = Nothing

Next

Yimsw waypoint 7 i lduudadiivasly map
For Each wp In _waypoints
If wp.Type = WayPointNodeTypes.NotPassPoint Then
'fiuagaiiiuEu
PathMap(wp.X0, wp.Y 0).IsVisited = True
Elself wp.Type = WayPointNodeTypes.FarFromPoint Then
‘Suagaiiiumuuuuuszezig
Dim half = (CInt(wp.Attributes(0)) \ 2) \ 30 'misaae 30 ieanin 1 yaiia 30 was

For x = wp.X0 - half Towp.X0 + half

Fory =wp.YO - half Towp.YO + half

PathMap(x, y).IsVisited = True

Next

Next
Elself wp;Type = WayPointNodeTypes.NotPassArea Then

'rvuadiufid e
For x =wp.X0 Towp.X1

Fory =wp.YO Towp.Y1

196
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PathMap(x, y).IsVisited = True
Next
Next
End If
Next
End Sub

Public Function GetResult() As System.Collections.Generic.List(Of Node) |mplements
| PathFinder.GetResult
Return _result
End Function

Private _isFound As Boolean
Public ReadOnly Property IsFound As Boolean Implements | PathFinder.lsFound
Get
Return _isFound
End Get
End Property

Private _searchMode As SearchTypes
Public Property SearchMode As SearchTypes | mplements | PathFinder.SearchM ode
Get
Return _searchMode
End Get
Set(value As SearchTypes)
_searchMode = value
End Set
End Property

Public Sub SetMap(map As IMap) Implements | PathFinder.SetMap
Me.Map = map
ReDim PathMap(map.Width - 1, map.Height - 1)

For x =0 To map.Width - 1
Fory =0 To map.Height - 1
PathMap(X, y) = New PathNode(X, y)
Next
Next
End Sub

Public Sub XFinalize() Implements | PathFinder. XFinalize
End Sub

Private Shared Function comparer(x As PathNode, y As PathNode) As Integer
If x.Speed > y.Speed Then
Return -1
Elself x.Speed < y.Speed Then
Return 1
Else
Return O
End If
End Function

Public Function XGetNode(debugSub As DebugPath) As Boolean I|mplements
| PathFinder. X GetNode
Dimu = _queue.Dequeue
If ulsNothing Then



1 =9 Y Y Y
lufideyalidunuds
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AugamMsaum

Return False
End If

S
'mua cost uaziiuai node i ldgnasivdeundn

u.Speed = Map.Speed(u. X, u.Y)
u.lsVisited = True

Dimx, y As Integer

Dim finalNode, fastestNode As PathNode

Dim speed As Double

Vv
'Wieuiisuniy node $1afeana 8 s

For index = 0 To AdjacentNodes.Length - 1
x = u.X + AdjacentNodes(index).X
y =u.Y + AdjacentNodes(index).Y

198

If (x >=0) AndAlso (x < Map.Width) AndAlso (y >= 0) AndAlso (y < Map.Height)) Then

If Not PathMap(x, y).IsVisited Then
If Map.IsTileClear(x, y) Then

speed = Map.Speed(X, y)

PathMap(x, y).Speed = speed

PathMap(x, y).Parent = u

PathMap(x, y).IsVisited = True

If x =_endWayPoint.X0 AndAlso y = _endWayPoint.Y O Then

= v
MYANNIGLUAD

finalNode = PathMap(x, y)

"laléfa waypoint da'lal

GoTo next_waypoint
Else

_queue.Enqueue(PathMap(x, Y))

debugSub(x, y)
'End If
End If
End If
End If
End If
Next

Return True

next_waypoint:
‘wuithvneuds
Sy path finu13 list

Dim node = finalNode
_result.Add(node)

While node.Parent IsNot Nothing
_result.Add(node.Parent)
node = node.Parent

End While
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“Yihmsiden waypoint dali
_startWayPoint = _endWayPoint
_endWayPoint = GetNextWaypoint()

If _endWayPoint IsNot Nothing Then
"wisaumsaun ldadhuunedaly

Reset()
_queue.Enqueue(PathMap(_startWayPoint. X0, _startWayPoint.Y 0))

Return True
Else
‘Fugamsum
_isFound = True
Return False
End If
End Function

Private _queue As New Queue(Of PathNode)
Public Sub X Prepare(waypoints As List(Of WayPointNode)) I mplements | PathFinder. X Prepare

'Mnuagaiou luaie
_Wwaypoints = waypoints

Y o Jd & 9y v ' 9
ﬂNW’dﬂWﬁmﬂu%%mﬂﬁﬂuﬁmﬁ)uﬁ‘lﬂ

_result.Clear()
_isFound = False

"Fuan waypoint 1sn ﬁ'@m‘ﬂuw start 1que
_startWayPoint = _waypoints(0)

11 waypoint ifhvuensn

_currWayPoint = 0
_endWayPoint = GetNextWaypoint()

'Reset current path, open list, and status of every node.
Reset()

‘MnuagaiTudy
_gueue.Enqueue(PathMap(_startWayPoint. X0, _startWayPoint.Y 0))
End Sub

Private Function GetNextWaypoint() As WayPointNode
Dim wp As WayPointNode = Nothing

Fori =_currWayPoint + 1 To _waypoints.Count - 1

If _waypoints(i).Type = WayPointNodeTypes.PassPoint Then
"WugALINTIRBATY
wp = _waypoints(i)
_currWayPoint =i
Exit For

Elself y_waypoi nts(i). Type = WayPoi nEN odeTypes.PassArea Then
Wi nide el mﬂ_ﬂquf]{ﬂmwmﬁuﬁﬁuq
wp = New WayPointNode
wp.X0 = CInt(_waypoints(i).X0 + ((_waypoints(i).X1 - _waypoints(i).X0) / 2))
wp.Y 0 = Cint(_waypoints(i).YO + ((_waypoints(i).Y1 - _waypoints(i).Y0) / 2))



_currWayPoint =i
Exit For
End If
Next

Return wp
End Function
End Class
End
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