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1 Vocabulary

Airport Airport is where arrival tree begins, in the middle of the map

Arc Arcs are circles at a determined radius distance of the dirpthe merge points are
located into these arcs.

Arrival tree A binary tree consisting of paths. Has a root at the airport.
Checkstyle Java code review for Eclipse.

dbzZ dBZ stands for decibels of Z. It is a meteorological meastiegjaivalent reflectivity
(2) of a radar signal reflected off a remote object.

EclEmma Java Code Coverage for Eclipse.
Flight plan Every plane has a flight plan which describes its path.
FMI Finnish Meteorological Institute.

Integration Testing Integration testing purpose is to assure that integraieskels do all
those services they are planned to do in requirement dodumen

Java2D Display and print 2D graphics in Java programs.

JAR Runnable Java archive, which based on the ZIP file format.

JUnit JUnit testing framework.

Map A map from somewhere in the world used in this product.

Merge point A point on the map where two paths merge into one path.
nmi nautical mile (=1,8520km)

Path A route to the airport that should avoid storms.

PGM Portable Gray Map, a graphics file format.

Plane An airplane that tries to land at an airport along a path angigtorms.
PMD Java code review for Eclipse.

Storm A set of pixels with a dBZ-value over a certain threshold {tisaa parameter)
close each other on the map. Indicated with red color on the ma

System testing System testing purpose is to assure that software corrdspoPs re-
quirements.

User A person using the product to watch animations on aircraftgling at an airport in
presence of hazardous weather systems.

Unit testing Unit testing purpose is to assure that certain class or oratldhose services
it is planned to do in requirement document.



2 General Architecture

This section describes the architecture design of the pmogrSome changes are still
possible during the implementation of this computer system

The four parts of the system af#e reading calculation graphics presentatiorand
planes All of these will get their parameters from the prograpaameterslass. The
interface between these parts is ataCollectionclass. In thdile readingpart, the data
files will be read, and converted to a format suitable for takwalation to use. It is also
responsible for updating the weather data.

Thecalculationsystem works as an independent part. It reads the currenheraaatrix,
and updates the graph. After that it calculates (if needee)new arrival tree for air
planes. A recursive algorithm using A* algorithm will be ais® find the arrival tree with
the shortest paths.

An interface between the user and program isghephicspart. It will use the weather
map read by the file reading part, and the tree from the cdlonlaTogether these will
form a map for the airplanes to follow.

Airplanespart is a set of planes following the tree. It does not readlyehany intelligence
in it, other than the planes following parent nodes.

Calculation

File Reading

Planes

Graphics

A

Parameters




3 Chopper

This section describes the main part of the program and #reistperformed.

3.1 Chopper

Chopperis a class for starting the program and reading parametariag memory to be
used by other classe€hopperincludes the main-function.



4 General

The general section is the package of the program, whichagmall miscellaneous and
common classes.

4.1 DataCollection

All information between graphics and calculation -packagemoved using DataCollec-
tion -class.

4.1.1 Method DataCollection

Constructor of the class, which takes no parameters.

4.1.2 Method setAirControlClass

Public method which takes AirControl-class as a parametéerséore it.

4.1.3 Method getAirControlClass

Puhlic method which returns current instance of AirContialss.

4.1.4 Method setArcPoints

Public method which takes Vertex ArrayList as parametersioce it.

4.1.5 Method getArcPoints

Public method which returns current instance Vertex Ariiat/L

4.1.6 Method setCalculationControl

Public method which takes CalculationControl-class aampater and store it.

4.1.7 Method getCalculationControl

Public method which returns current instance Calculatmmédl -class.

4.1.8 Method setFlagMap

Public method which takes boolean value as parameter arelisto



4.1.9 Method getFlagMap

Public method which returns current boolean value of flagMap

4.1.10 Method setRefreshRate

Public method which takes numerical long value as paranagigistore it.

4.1.11 Method getRefreshRate

Public method which returns value of refreshRate.

4.1.12 Method setinternalClock

Public method which takes numerical integer value as pai@maed store it.

4.1.13 Method getinternalClock

Public method which returns value of internalClock.

4.1.14 Method setGraph

Public method which takes Vertex-list as parameter anckstor

4.1.15 Method getGraph

Public method which returns Vertex-list.

4.1.16 Method setGraphicsClass

Public method which takes Graphics-class as parametertarelis

4.1.17 Method getGraphicsClass

Public method which returns current instance of Graphiassc

4.1.18 Method setWeatherMap

Public method which takes WeatherMap-class as paramedestare it.



4.1.19 Method getWeatherMap

Public method which returns current instace WeatherMapgscl

4.1.20 Method setTreeClass

Public method which takes Tree-class as parameter andistore

4.1.21 Method getTreeClass

Public method which returns current instance of Tree-class

4.2 Parameter

This section describes the programs parameter class part.

4.2.1 Parameter

Parameteris a class for storing parameter values from parameter filergas a program
parameter in the command-line.

4.3 Parameters
Parameterss a class for reading parameter values from parameter fiengs a program

parameter in the command-line. In this class all the pararsetill be red into memory
so that other classes can use them.

4.3.1 Method getParameterValue

Returns parameter value as string.



5 Calculation

The Calculation section is the part of the program, whereathigal tree for air planes is
calculated.

Cal cul ati on

<<interface>>

CalculationiInterface

<<i npl enents Cal cul ati onl nterface>>

Graph [ Calculation

/T\

<<i npl enent s Conpar abl e>> BuildTree
Vertex /T\
Tree

+treenodes: TreeNode[]
+addToTree(Pat h: ArrayLi st): bool ean

TreeNode

5.1 CalculationControl

CalculationControl(or just Calculation) is the class that controls the calokaprocess
of the arrival tree and changes the graph as the weather ehafghen program starts,
main method of clas€hoppercalls the constructor of CalculationControl, which cresate



instances of classes needed in calculation.

5.1.1 Member variables

Variable Type Visibility | Short description

airControl AirControl private Instance of class AirControl, which rules
flying planes.

dataCollection DataCollection| private | Parameter information.

fileController FileController | private Instance of class FileController, which
rules reading weather files.

flagSystemTimer boolean private | When set to be true, method update loops.

graph Graph private | Graph used in calculation.

buildTree BuildTree private Instance of the class BuildTree, which
does the calculation process of the arriyal
tree.

internalClock int private | An update variable.

updatelntervalMap int private | An update variable.

updatelntervalAirspace int private | An update variable.

updatelntervalGraphicsint private | An update variable.

timerUpdateMap int private | An update variable.

timerUpdateAirSpace | int private | An update variable.

timerUpdateGraphics | int private | An update variable.

testMode boolean private | Testing variable.

5.1.2 Method CalculationControl

The constructor method of the class. Gets DataCollectadaCollectionas a parameter
and sets member variabflataCollectionto be as it. Sets some member variable values
from classParametersDefines some update settings and does the first updatingteSre
instances of classdsleController, Graph, AirControl andBuildTree Sets the member
variableflagSystemTiméo be true.

5.1.3 Method runTimer
Public method which takes no parameters. Repeats the sapeasolong as the mem-
ber variableflagSystemTimeis set to be true. On every loop methofddateis called.

If update -procedure takes less than timerinterval -patandefines, we perform some
garbage collection and put our thread sleep for the duration

5.1.4 Method setTimerFlag

Sets the member variable flagSystemTimer to be as booleaa galen in parameters.



5.1.5 Method update

Private method which takes no parameters. Does the updatingss of the program by
updating member instances of clas&raph, AirControl, BuildTreeandFileController.
Update variablesimerUpdateMaptimerUpdateGraphicandtimerUpdateAirspacare
increased by one in the beginning of the method, and it isk&eby watching their
values, which instances are to be updated.

5.2 BuildTree

BuildTreeis the class, that calculates the arrival tree for air plain@s given graph.
When methodtalculateis called with graph as a parameter, the whole calculatidomne
immediately and the arrival tree is returned. Calculat®adane with a recursive algorithm
that uses the A* algorithm.

5.2.1 Member variables

Variable Type visibility | Short description \

graph Graph private | Graph in which the arrival tree wil|
be calculated.

arrivalTree Tree private | Arrival tree calculated for planes.

dataCollection DataCollection private | Data collection from where some
parameters are taken.

safetyDistance int private | safety distance for arrival tree
branches.

flagArrivalTreeUpdatg boolean private | is set true when tree updates.

asked boolean private | An update variable.

pathCounter int private | Keeps count on "parent" paths
while calculation is done.

finalPathCount int private | Keeps count on paths while calcu-
lation is done.

mergePoints ArrayList<Vertex>| private | Merge points of the arrival tree.

5.2.2 Method BuildTree

The constructor method of the class. Takes DataColled@&aCollectioras a parameter.
Sets thigraphandthis.arrivalTreeto be as nulls. (A new tree will be created for every
calculation when methodalculateis called, because old trees will be needed in some
other places in the program.) Selss.dataCollectioras parametedataCollectionand
creates a new ArrayList fahis.mergePointsSetsthis.safetyDistancasingdataCollec-
tion.
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5.2.3 Method getGraph

Returnsthis.graph

5.2.4 Method getTree

Returnsthis.arrivalTree

5.2.5 Method update

Public method, which takes Gragtaph as a parameter. Setis.graphto be as pa-
rametergraph if parameter was null ocheckTreeeturns true, calculation is done again
(calculatemethod is called). Otherwise, it is not. Returns booleaneal

5.2.6 Method isChanged

Returnsthis.flagArrivalTreeUpdated

5.2.7 Method aStar

Takes Vertexstart and Vertexgoal as parameters. Is an implementation of A* algorithm
in Java. Calculates the shortest patithis.graphfrom startto goal.

A* uses the evaluation functioffn) = g(n) + h(n) to decide which vertex it visits next.
g(n)is the cost fronstartto Vertexn andh(n) distance frorm to goal. A* keeps vertices
it has not visited but which are adjacent to visited vertices priority queue calledpen
set Each time it visits a new vertex it moves this frapen seto closed setvhich is an
ArrayList of visited vertices. The priority value of vertaxin open seis f(n) so every
time the vertex with the lowest evaluation value is the nex t be visited. If many
vertices has the (same) lowest value, the one to be chosha igettex which is in the
"right direction". A* stops whergoal is added taclosed sebr whenopen seis empty
(no path was found). Before stopping A* also resets the fiefdeertices it has changed.
A* returns the path as afArrayListof vertices omull if no path was found.

5.2.8 Method calculate

Public method which takes no parameters. Creates a new dte=ds member variable
arrivalTree Sets the airport node to be the start node and the list ohallpbints in
outermost arc to be the list of end nodes. Sets some membhabhes to be right before
new calculation process. Calls the methtoeeRecursiorwith these values. (Method
treeRecursiorwonstructghis.arrivalTreeto be as a correct arrival tree for planes.)
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5.2.9 Method checkTree

Private method which takes no parameters. Checks, if thergt@rms ovethis.arrivalTree
If so, returns true. Otherwise returns false.

5.2.10 Method treeRecursion

Private method which takes VertetartNodeand ArrayList<Vertex>endNodeTablas
parameters. Is called by methodlculate Is a recursive function which, when called
at first time, calls itself as long as there are elements iralibqueue While running,
constructs the arrival tree for airplanes. Operates inlaviohg way:

1. Sets variablendNodeso be asendNodeTablgot as parameter. This is the end node
table on which the calculation will be done in this round ofuesion. Makes a new
ArrayList<Vertex> as variablparEndNodeswhich will be the end node table given as
parameter to next recursive call. Defines boolean valde which is value telling on
which side of theendNodeslid the end of the path just calculated go.

2. Sets area aroursartNodeo be available "slidingly” using methodstSafetyDistance
and setSlidingSafetyDistanceDefines variablgath by finding the shortest path from
startNodeto endNodesusing methodcalculatePath Sets area arounstartNodeto be
unavailable again. Increases valtig@s.pathCounteandthis.finalPathCouniboth by one.

3. If path just found was not empty/null, adds all vertexed Hre merge points fromath
to queue Puts there only first ones from each arc found, so thgtiguethere is only one
point from each arc. Addpathto this.arrivalTreeusing methodaddToTree Sets safety
distance aroungathusing methodetSafetyDistance

4. As long as theueueis not empty, repeats the following:
Finds the side on which side of teedNodeTabldid pathgo using methodkestSide

Depending on which side digathgo or was there only one node @mdNodeTablesets
endNodesndparEndNodeso be as halves of the previoeadNodeTableUses method
halftableto divideendNodeTablen half.

SetsparStartNodédo be as first node igueueand removes that node frogueue

If parEndNodess not null, calls recursively methotleeRecursion=itself) with val-
uesparStartNodeand parEndNodes If treeRecursions not called, decreases value of
this.pathCounteby one, to know from which path does the next path start.

Last, allways decreasgathCountewalue by one.

5.2.11 Method setSlidingSafetyDistance

Private method which takes VertetartNode boolearsliding and boolearavailability as
parameters. Sets a safety distance for nodes $tamiNodeo as many as (1*x + 2*x + ...
+ x*X) nodes under it, when x this.safetyDistancdf parameteslidingis true, the first
nodes (having multiplier one) are set to have a safety distaf one, the second nodes
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the safety distance of 2, etc., as long as safety distanbisisafetyDistancdf parameter
slidingis false, safety distance of all these nodes is set thisesafetyDistance

5.2.12 Method calculatePath

Private method which takes VertetartNodeand ArrayList<Vertex>endNodess pa-
rameters. Finds the shortest path fretartNodeto all endNodesising methodaStar.
Saves the shortest of them all in an ArrayList. Returns thih galculated as a Ar-
rayList<Vertex>shortestPath

5.2.13 Method setSafetyDistance

Public method which modifies availability values of vertexe a particular area around
the certain vertex. Takes Vertesertex booleanavailability, int distanceand boolean
setas parameters. When the safety distance is set for the finstfor a new path (its
nodespathSafetyDistancealues are zero), each nodesthSafetyDistancealue in path
and around it is set to be #sis.finalPathCountFor every followers of therertex(each
8 directions in graph) sets variabbarAdjto be the start node of recursion. darAdjis
not null and itspathSafetyDistancealue is same athis.pathCountenow (for avoiding
setting wrong paths safety distance off), sets its avditglo be as parametevailability
and calls methodetSafetyDistancgsitself) with parameter valuegarAdj, availability
anddistance - I(if distancevalue is greater than 1).

5.2.14 Method testSide

Takes ArrayList<Vertex>path and ArrayList<Vertex>endNodess parameters. Tests,
whether do the last node of paramepath locate on left or right side oéndNodes If
there happens to be a pairless amount of nodes@dNodesand last node opathwent
just in middle ofendNodestells that path went to right. Returns integer value 0 ifpat
went left, 1 if it went right. If there was no success, retuPndf endNodesvas null or
Size zero or one, returns 3.

5.2.15 Method setSafetyDistanceAirPlanes

Public method, which takes Vertenertex boolearavailability and intdistanceas param-
eters. Acts very much like metha@tSafetyDistan¢c@xcept does not mind about safety
distances of other paths when removing safety distance.

5.2.16 Method halftable

Takes ArrayList<Vertex>endNodesand boolearside as parameters. Takes half of the
tableendNodesnd returns it as a ArrayList<\ertex>. Parametietedefines, which side
to take and return frorendNodeslf there is a pairless amount of nodessindNodesnd
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it is required to return the right side of it, puts the one nadea middle also to a return
array. If left side is taken, returns only half or smallerftaflthe ArrayList.

5.3 Graph

Graphclass is a net presentation of the image created. It cor@istsrtices, that are

linked to adjacent ones. The list of the adjacent ones is alsiarray. Every node has
at least three (3), and a maximum of eight (8), neighbors. p8irhaving an array of

adjacent nodes if quite enough for the A* algorithm. Howetee location, that is, the
coordinates (latitude and longitude), are known. Also tifermation about direction of
neighbors is known by the array cell.

5.3.1 Member variables

Variable Type Short description

graph Vertex[][] A two dimensional matrix of the graph.

arcpoints ArrayList[] | An ArrayListarray of arcpoints.

startpoints Vertex|] An array of vertices, that are the starting points for the
airplanes.

mapMatrix int[][] A two dimensional matrix of weather in integer for-
mat.

map WeatherMap| A WeatherMaplass address.

cornerlat double Map corner latitude.

cornerlon double Map corner longitude.

start double Arcpoints sector start angle.

end double Arcpoints sector end angle.

startPointCount double Number of startpoints in the sector.

null\Vertex Vertex A nullVertex instance address.

param Parameters | Parameters class.

5.3.2 Method Graph

The constructor method for this class creates the grapakdsta DataCollectiotiata, int
widthand intheightas a parameters. Tiiataknows the address of th&leatherMap A
two dimensional presentation of the map is included inifeatherMap All information

is then available for the graph creation. The matrix can lad @nd converted to a graph,
using the createGraph method. Also the airport locatioets s

The reference to the graph is stored in the attributes of ldmesc
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5.3.3 Method createGraph
This method makes a certain size graph. It takesvidth and intheightas parameters,
and creates a two dimensional arrayMeftexinstances. After that, the vertices are linked

to each other. If something goes wrong, the method returtis @therwise the address
of the graph.

5.3.4 Method getGraph

Takes no parameters. Retutthgs.graph

5.3.5 Method calculateArcPoints

Takes doublestart, doubleend and doublestartPointCountas parameters. Finds the
merge pointtandidates from the graph. Goes thought vertices at a natisiance from
the airport. All that are in defined range formaerge pointwill be listed in thearc-

pointstwo dimensional array. This will then be stored as a localalde this.arcPoints
this.arcpointsarray will never have to be updated, even though the graphtalgange.

5.3.6 Method getArcPoints

Does not take parameters. Retuthis.arcPoints

5.3.7 Method getOuterArc

Takes no parameters. Returns the outermost arcs points ArrayListinstance.

5.3.8 Method getAirport

Takes no parameters. Retuthss.airPortVertex

5.3.9 Method update

Requires no parameters. It is used for changing the weathgrthe time passes, the
program calls for update, to re-read the weather to the grdpé to possible changes.
This is done using thgraphUpdatemethod. If updating was failed, the method returns
false, else true.

5.3.10 Method graphUpdate

This method takes four parameters: gdale int[][] matrix, Vertex[][] graph and int
safety The matrix is scaled down to a smaller graph, usingdheckSquarenethod.
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Returns boolean value about succession.

5.3.11 Method checkSquare

Takes intsize int x, int y and int[][] matrix as parameters. Looks for some integer value
at some part of the matrix. If such value is found, true isme¢d. The parameters size, x
and y define the coordinates where to look for. The size teNg large square to check.

5.4 \ertex

The Vertexclass is made to be a graph node. It is designed to support*tiaggarithm
for path finding.

5.4.1 Member variables

bt

Variable Type Visibility | Short description

adj Vertex[] | private | alist of adjacenVertices

state int private | This tells if thisVertexis in A* closed set or open se
or if it has not been visited yet.

available boolean| private | Tells if this Vertexis passable or not.

lat double | private | Latitude coordinate.

lon double | private | Longitude coordinate.

X int private | X-coordinate.

y int private | Y-coordinate.

gCost double | private | distance from staiertexof A* to this.

hCost double | private | distance from this to goalertex

parent Vertex | private Parent of this vertex in a path that A* creates.

distCost double | private Cost to goaMertexof A* as straight line distance .

bestDir int private Tells if this Vertexis in the "best direction” for A*,

storm boolean| private Is this a storm vertex.

stormSafety| booleac| private | Tells if this vertex is in storm safety distance area.

pathSafety | int private | Tells if this vertex is in path safety area, value ider

fies path number..

nti-

5.4.2 Method Vertex

The constructor method. Takes douldag, doublelat, int X, inty, boolearavailableand
VertexnullVertexas parameters.



5.4.3 Method reset
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Takes no parameters. Resets the fighis state, this.gCost, this.hCost, this.parent, thés@bst
andthis.BestDir(the fields A* changes) so that when A* is called again, theddgihave
their default values.

5.4.4 Method di

stanceTo

Takes Vertexotheras a parameter. Returns the straight line distanoghterin a graph.

5.4.5 Method graphDistanceTo

Takes Vertexotheras a parameter. Returns the distancetterin a graph.

5.4.6 Method calculateDir

Takes Vertexgoal as parameter. Returns the direction frdms to goal as radians.

5.4.7 Method compareTo

Takes Vertexotheras parameter, and compares the evaluation function vatug€ost +

hCost) ofthis to other. Because of this methodertexclass can implement Comparable
interface and vertices can be compared. A* needs this piyppercause it keeps vertices
in a priority queue.

55 Tree

Treeis the class that implements the tree that will be returnechfcalculation.

5.5.1 Member variables

UJ

Variable Type Visibility | Short description

treeNodes ArrayList<TreeNode> private | List of Vertexes the tree include
(No matter in what order they ar
presented.)

root TreeNode private | Root of the tree.

treeMergePoints ArrayList<TreeNode> private List of merge points in a tree.

vertexTree ArrayList<Vertex> private | List of tree vertexes in same ord

tree Nodes are in thiseeNodes
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5.5.2 Method Tree

The constructor method of the class. Creates empty Arrajduishis.treeNodeghis.treeMergePoints
and forthis.vertexTreeSetsthis.rootto be as null.

5.5.3 Method getRoot

Returnsthis.root

5.5.4 Method getTreeMergePoints

Returns thigreeMergePoints

5.5.5 Method setTreeMergePoints

Public method which gets ArrayList<VertexMergePointsas parameter. Finds corre-
sponding tree nodes frothis.treeNodefor those vertexes and sets them to bhia.mergePoints

5.5.6 Method getTree

Returnsthis.treeNodes

5.5.7 Method getVertexTree

Returnsthis.vertexTree

5.5.8 Method treeNodePath

Public method which takes ArrayList<Vertexpath as a parameter. Creates a new Ar-
rayList<TreeNode>treeNodeTable Makes new TreeNodes of given vertexes in a path.
Sets parenthood -relationships correct in ileeNodeTable(Does not care about child-
hood -relationships.) ReturtieeNodeTable

5.5.9 Method addToTree

Takes ArrayList<Vertexpathas a parameter. Operates in a following way:

1. If this.treenodes empty, makes corresponding TreeNodes for the first andebend
one vertex in a path and adds thenthis.treeNodesAdds those vertexes this.vertexTree
Makes parenthood-childhood -relationships between firstih this.treeNodesorrect.

2. If this.treeNodess not empty, finds the first vertex of the path frahis.treenodes
If the first one is found, makes corresponding TreeNode ferdbcond one vertex in
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path and adds it tthis.treeNodesAdds corresponding vertex this.vertexTree Makes
parenthood-childhood -relationships between the oneally inthis.treeNodesnd the
one added to tree, correct.

3. Finally, makes corresponding TreeNodes of all the redexes from path and adds
them tothis.treeNodeand adds vertexes from pathttos.vertexTreeMakes parenthood-
childhood -relationships between nodes correct.

When setting left or right child of some node, first insertédcis always left, second
is allways right. It does not matter if the children are nobgephically correctly left or
right, because nodes have knowledge about place. (Thegfa kight only because it
is easy to get tree printed in graphics if there are childpt@nes need only information
about parents.)

Returns true if there was success, otherwise returns false.

5.5.10 Method getLeaves

Takes no parameters. Checks all the leaves from tree by §radinthe nodes without any
children. Returns ArrayList of these tree nodes.

5.5.11 Method getVertexLeaves

Takes no parameters. Uses method getLeaves to take leavedhis.treeNodess a
vertexes. Puts these vertexes in a ArrayList<VertegelLeavesnd returns it.

5.5.12 Method toString

Public method which prints out all the tree nodes x and y \&alue

5.6 TreeNode

TreeNodas the class that implements a node of a tree in calculatidligbit paths.

5.6.1 Member variables

Variable | Type Short description

left TreeNode| Left child of a node in a tree.

right TreeNode| Right child of a node in a tree.

parent | TreeNode| Parent of a node in a tree.

vertex | Vertex Tells the id of the Vertex that this tree node represents.
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5.6.2 Method TreeNode

The constructor method of the class. Gets Verniereldas a parameter. Sets all values
to be nulls, exceptertex which will be set to be the same as a given parameter value.

5.6.3 Method setChild

Takes TreeNodehild as a parameter. If tree has not got left child yet, shitd to be
this.left If this.leftis allready there, setshild to bethis.right

5.6.4 Method setParent

Takes TreeNodparentas a parameter. Sdtsis.parentto be agarent

5.6.5 Method getlLeft

returnsthis.left

5.6.6 Method getRight

returnsthis.right

5.6.7 Method getParent

returnsthis.parent

5.6.8 Method getVertex

returnsthis.vertex
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6 AirSpace

6.1 AirControl

AirControl class takes care of the planes (eg.. createspvemand calls fly method for
Planes). It controls Planes on map and provides up to daienattion of planes locations
and numbers to Graphics for drawing and displaying.

Ai r Space

<<i nterface>>

AirControlinterface

i

<<<i npl enents AirControl I nterface>>>
AirControl

i

Plane
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6.1.1 Member variables

Variable Type Visibility Short description

leafNumber int private staticc Number of leaf where to create
Plane.

planeCreateCounterint private static| Counter for often create plane(s).

arcPoints ArrayList][] private Arc Points.

arrivedPlanes int private How many planes has landed.

buildTree BuildTree private Instance of BuildTree.

colorAlert Color private Alert color of Plane.

colorNormal Color private Normal color of Plane.

createmultiplier int private final | How many planes create at a time.

minSafeDistance | int private Minimun safe distance between
Planes.

numberOfPlanes | int private How many planes does AirControl
have.

parameters Parameters private Instance of Parameters class.

planeCreatelnterval int private How often plane is created.

planes ArrayList<Plane>| private ArrayList of planes on map.

tree Tree private Instance of Tree class.

6.1.2 Method AirControl

Constructor method of the class. Takes Paramgi@ametersaand ArrayList[]arcPoints

as parameters. Sdtss.planedo be as ArrayList for Planes. Sdtgs.parameterto be as
parameters as given and sametfos.arcPoints This.planeCreatelntervathis.planeMaxSpeed

andthis.minSafeDistancare taken from Parametershis.buildTreeandthis.treeare set
to be as nullsThis.numberOfPlaneandthis.arrivedPlanesire set to be as 0.

6.1.3 Method update

Public method that initiates update of the planes’ pos#tion map. This happens by
calling methoccontrolPlanes

6.1.4 Method setBuildTree

Public method that setkis.buildTrefrom parameters.

6.1.5 Method getAirportStatus

Public method that returns true if there is an arrival treabeowise false.
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6.1.6 Method getMaxArrivingRate

Public method that returns maximun value of how many Plaaesland in an hour in
theory.

6.1.7 Method getPlanes

Public method that returns ArrayList of Planes.

6.1.8 Method getNumberOfPlanes

Public method that returns number of Planes landing.

6.1.9 Method getArrivedPlanes

Public method that returns number of Planes that have alileaded.

6.1.10 Method addPlane

Private method that creates Planes on current tree’s leaddisPlanes are added to
this.planesand number of planes landing is increased.

6.1.11 Method controlPlanes

Private method that controls Planes. Operates in a follgwiay:

1. Gets newest Tree.

2. Checks if root is null and if it is calls flyPlane method feeey plane.
3. if tree is not null calls addPlane that creates Planes.

4. Goes through Planes one at a time if tree has changed anel iBlaot on tree Plane
calls newPath for every Plane.

5. Tells all Planes to move by calling flyPlane.

6. Checks if any Planes are too close to some other Plane.
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6.1.12 Method closestMergePoint
Private method that finds closest merge point to Plane. TRke®eplaneand intarc as
parameters. If arrival tree doesn’t exists returns null dratc is O returns root of tree.

Sorts merge points list and goes through this list to findedbv®ne to Plane. Closest
TreeNode found is returned.

6.1.13 Method closestTNToPlane
Private method that finds closest merge point to Plane. TRlkaseplaneas parameter.
Returns root of arrival tree if next arc is 0. Method loopsTakeNodes on tree and finds

one closest to Plane. Then method travels TreeNodes pagtstain value and returns
that.

6.1.14 Method safetyZoneCheck
Private method that checks if any two planes are too closadb ether. If two planes

are too close the further away from airport will be colored &r's speed is reduced. If no
Plane is found too close to current Plane it is colored blukspeed is increased.

6.1.15 Method flyPlane

Private method that calculates the distance how long a ptanetravel and then tells
plane to fly that amount. Takes Plaplaneto fly as parameter and returns boolean value.
Method is also used in setting direction of the plane.

6.1.16 Method newPath

Private method that checks what is the best way to guide & ptanlosest merge point
and asksaStarfrom this.buildTrego calculate this. Takes Plapéaneas parameter. Op-
erates in a following way:

1. Find closest TreeNode to Plane.

2. Check if Plane is closer to airport than found TreeNodeiaitds find closest merge
point.

3. Check if Plane is closer to found merge point if it is find geepoint from inner arc.

4. Check if current TreeNode is same as found.
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5. Check if Plane is in storm and clears path of Plane if true.

6. Make all Vertices’s on arrival tree available for A*.

7. CallaStarmethod to calculate path from Plane to found TreeNode.
8. Create TreeNodes to Vertex path givendStar.

9. Gives Plane it's new path.

6.1.17 Method sort

Private method that sorts ArrayList of TreeNodes to Arraglthat contains ArryLists.
Method takes ArrayList<TreeNodexas parameter. lal every TreeNode is then checked
for distance to airport and categorized accordingly. Retureated ArrayList.

6.2 Plane

Instance of Plane class holds all the information aboutgdan

6.2.1 Member variables

Variable Type Visibility | Short description

color Color private | Color value of Plane.

currentNode | TreeNode private | TreeNode where the plane has last been.

direction double private | direction of Plane in degrees.

distToAirport | double private Distance between Plane and airport.

lat double private | Latitude of the plane.

lon double private | Longitude of the plane.

maxspeed double private | Maximum speed of Planes.

minspeed double private | Minimum speed of Planes.

nextArc int private | Number of arc where plane is heading.

path ArrayList<Vertex>| private | ArrayList of Vertexes that create flight
path of Plane.

planeld int private ID number of Plane.

root TreeNode private Root of arrival tree.

safetyzone | double private | Safety zone of the plane.

speed double private | Speed of the plane.
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6.2.2 Method Plane

Constructor method of the class. Takes TreeNst#@tNode(as first TreeNode), Ar-
rayList[] arcPoints(as arcpoints), Parametgrarametersaand TreeNodeoot as parame-
ters. StarNode is set alis.currentNode This.latandthis.lonare taken from currentN-
ode. This.safetyDistancandthis.speedire taken fronparametersthis.parametersind
this.arcPointsare taken from given parameter3his.nextArds given arcPoints minus
one. This.pathis set as new ArrayList and after that path is created frometiiNode to
the airport.This.coloris set blue andhis.planeldis given.

6.2.3 Method fly

Public method that Calculates planes new location and chéale arrive on merge point

or airport. Takes doubl&avelDistancgdistance to travel) as parameter. Checks if path
is only one in size and if it is returns false as we are at atrgbthat is not true then gets
coordinates of Plane and then the TreeNodes coordinatesengaraving in. Calculates
distance between these points and if Plane travels thsdistchecks if Plane gets to arc,
updateghis.currentNodewith next TreeNode of path and removes the TreeNode from

path that it came from. Finally it calls this method againhaiémaining travel distance.
If Plane doesn't get to next TreeNode it’s coordinates adatgd and true is returned.

6.2.4 Method setColor

Public method that sets given parameter Colaor as Planes newhis.color.

6.2.5 Method clearPath

Public method that clears path of Plane by calling Arrayd.isethoctlear.

6.2.6 Method setCurrentTreeNode

Public method that takes TreeNode node as parametern&ae¢asthis.currentNoddor
plane and updates planes coordinates ftbis

6.2.7 Method setLat

Public method that takes doub#itudeas parameter. Sets latitude information of plane.

6.2.8 Method setLon

Public method that takes doullengitudeas parameter. Sets longitude information of
plane.
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6.2.9 Method isOnArrivalTree
Public method that checks if Plane still is on current Treereit has changed. Takes
TreeNodenodeand int hashCode as parameters. HashCode of Given Treesloldedked

if it matches given int. If it is not method is called againrfraireeNodes child. Tree is
walked from root to leaves until match is found. If match isrid returns true else false.

6.2.10 Method addToPath
Public method that adds given path to path. Takes ArrayligeNode>pathToAddand

TreeNodgoinPointas parameters. Method first clears the old path. Then it cadkhod
setPathfor first TreeNode of given path and agaetPathfor joinPoint

6.2.11 Method setPath
Public method that sets flying path of plane. Takes TreeNModentNodeas a parameter.

If currentNodes not null it is added to path and if it's parent is not null imed is called
again with parent of this TreeNode.

6.2.12 Method setSpeed

Public method that sets flying speed of Plane. Takes paran@iblespeed Speeccan’t
be lower than minimun speed nor greater than maximum speed.

6.2.13 Method setDistToAirport

Public method that sets distance of Plane to airport. Takesnpeter doubldist as dis-
tance.

6.2.14 Method setDir
Public method that sets the direction of the plane as dedfee860) based on latitude

and longitude coordinates of two points. Takes four doublaglLon, startLat, goalLon,
goalLatas parameters. Returns direction where Planes is flyingasielo

6.2.15 Method getDistToAirport

Public method that returns distance of Plane from airport.

6.2.16 Method getDir

Public method that returns direction of Plane.



6.2.17 Method getColor

Public method that returns color information of Plane.

6.2.18 Method getCurrentNode

Public method that returns currentNode of Plane.

6.2.19 Method getid

Public method that returns ID information of Plane.

6.2.20 Method getLat

Public method that returns latitude information of Plane.

6.2.21 Method getLon

Public method thatReturns longitude information of Plane.

6.2.22 Method getPath

Public method that returns path of Plane.

6.2.23 Method getSpeed

Public method that returns speed information of Plane.

6.2.24 Method getSafetyZone

Public method that returns safety zone information of Plane

6.2.25 Method getNextArc

Public method that returns next arc of Plane.

6.2.26 Method toString

Public method that returns String presentation of Plane.

27
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6.2.27 Method distanceOfPoints
Public method that returns distance of two coordinatese3d&ur doublesurrLat, cur-

rLon, targLat, targLonmas parameters. Returns distance between first pair anddspaon
of coordinates as double.

6.2.28 Method distaneTo

Public method that returns distance of two Planes on mapesiBlan®theras parameter.
Returns distance between this asttleras double.

6.2.29 Method distanceTo
Public method that returns distance of Plane and point on rilakes two doubletar-

gLat andtargLon as parameters. Returns distance between this and givenddba
coordinates as double.

6.2.30 Method compareTo

Public method that compares two Planes. Takes Rdsmer as parameter. Returns -1 if
this is closer, 1 if other Plane is closer and otherwise 0.

6.2.31 Method checkArc

Private method that checks if is Plane is close enough t@itp be on inner arc than
current.

6.2.32 Method checkSpeeds

Private method that corrects min and max speed values smihapeed is at least 1 and
maxspeed is at least minspeed +1.
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7 File Reading

This section describes the programs file input part. The qaef file reading class is
to get the weather data into memory. This is done by readixtgoreamage files in some
format, and converting them to\deatherMayzlass.

FileController I

<<interface>>

Filelnterface

T

<<i npl ements Filelnterface>>
FileController

WeatherMap ReadlmageFile

| mage data 1 | mage ata 2
radar image User made

7.1 FileController

TheFileController class handles the creation of all the classes in file reacacggge. It
makes an instance of tWgeatherMapReadlmageFilandReadTextFilelasses, so it can
use their methods when needed. This class also implemefdenterfaceinterface.
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7.1.1 Member variables

Variable Type visibility | Short description

errorMessage String private | Error message for user.

mode String private | Tells which ReadimageFile |-
class is to be used.

parameters Parameters private | Instance of the class parame-
ters.

readimageFile ReadlmageFile private | Instance of the class Readim-
ageFile.

readPGMImageFile ReadPGMImageFile private | Instance of the class ReadP(-
MIimageFile.

status boolean private | Status reveal if constructar
fails.

weatherMap WeatherMap private | Instance of the class Weath-
erMap.

7.1.2 Method FileController

The constructor method of the class, which taRasameterslass as a parameter.

7.1.3 Method getErrorMessage

Method takes no parameters. Returns the latest error messag

7.1.4 Method getStatus

Method takes no parameters. Returns the status of clagsis $&dalse if constructor or
update fails.

7.1.5 Method getWeatherMap

This method returns the address afaatherMaglass. This is needed for the calculation
part of the program to create a graph.

7.1.6 Method update

The update method is used to command the lower level classgslate the map picture
to a newer one.
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7.1.7 Method prepare
Method pre-calculates data if it is possible. At the moméig ts used only in "radar"
mode.
7.2 FileInterface

FileController implement&ilelnterfaceclass, which is an interface class between the file
reading and the calculation packages. It defines the metiegd#red to create a graph.

7.2.1 Method FileController

Defines the constructor method. During this, fikeController creates aVeatherMap
and decides which file mode to use, according to parameters.

7.2.2 Method getWeatherMap

Defines a method to returnvdleatherMaylass instance.

7.2.3 Method FileController

Defines a method for constructor.

7.2.4 update

Defines a method for updating weather images.

7.3 ReadlmageFile

ReadlmageFilas a class for reading weather data. It reads Portable Grpy(R&M)
images from Finnish Meteorological Institute’s (FMI) radand converts them to form
this program uses. Data is rather a set of radar picturess@las methods for converting
the data into integer array andBalfferedimagd¢ormat.

Note that the actual data is in polar coordinates, which sveded into PGM-images.
In other words, every line in data represent here measuresnfiram a specific direction.
Measurements are calculated at intervals of 500 meterstrenturthest measure is as
far as 250km. This means 500 measurement on one line. Thke smeasurement is
represented as a value between 0-254. Value 255 is a spasw&lit means that there is
no measurement at this certain point. We convert the valuerm PGM image to dBZ
scale by formula: Z[dBZ] = 0.5* x - 32
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7.3.1 Method ReadlmageFile

The constructor method for image file reading class. Meth&ddParameterslass as a
parameter.

7.3.2 Method getErrorMessage

Method takes no parameters. Returns the latest error messag

7.3.3 Method getMap

Method takes no parameters. Returns the created m&ufiaredimagdormat.

7.3.4 Method getMapMatrix

Method takes no parameters. Returns the created map itiome@nverted into integer
array.

7.3.5 Method getStatus

Method takes no parameters. Returns the status of clagsis $dalse if constructor or
update fails.

7.3.6 Method update

Takes no parameters. Method is called to update the weadker Beturns boolean value
succeed.

7.4 ReadPGMImageFile

ReadPGMImagekFiles a class for reading weather data in PGM image format. Tihissc
has methods for converting the image tBuafferedimagelass instance.

7.4.1 Method ReadPGMImageFile

Takes The constructor method for image file reading classthiketakesParameters
class as a parameter.

7.4.2 Method getErrorMessage

Method takes no parameters. Returns the latest error messag
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7.4.3 Method getMap

Method takes no parameters. This method returns the crespdinBufferedimage

7.4.4 Method getMapMatrix

Method takes no parameters. Returns the created map itiomenverted into integer
array.

7.4.5 Method getStatus

Method takes no parameters. Returns the status of clagsis $&dalse if constructor or
update fails.

7.4.6 Method update

Takes no parameters. Method is called to update the weadker Beturns boolean value
succeed.

7.5 WeatherMap

The WeatherMayxlass retrieves information about the weatherBafferedimagelass.
It also gets the two-dimensional array presentation of thatier. Then it stores them to
its private variables.

7.5.1 Member variables

Variable | Type | visibility | Short description

width double| private | map image width
height double| private | map image height
scale double| private | maps scale

cornerlat | double| private | map corner latitude coordinate
cornerlon| double| private | map corner longitude coordinate

7.5.2 Method apply

This method takes Bufferedimag@andMapMatrixas parameters and stores them as local
variables.

7.5.3 Method getMap

Method takes no parameters. This method returns the creapdinBufferedimage
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7.5.4 Method getMapMatrix

Method takes no parameters. Returns the created map itfiomtnverted into integer
array.

7.5.5 Method getScale

Method takes no parameters. Returns the scale of weather ffap property is not
implemented in this version.

7.5.6 Method getLat

Method takes no parameters. Returns latitude of map. Thisapty is not implemented
in this version.

7.5.7 Method getLon

Method takes no parameters. Returns longitude of map. Topepty is not implemented
in this version.
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8 Graphics

This section describes the programs Graphics package. dipose of package is to
display the programs data structure on screen.

Gr aphi cs

<<interface>>

Graphicsinterface

Graphics [€—— GraphicsEngine

<<<ext ends JFrane><i npl ements Graphi cslnterface, ActionListener>>>

GraphicsWindow

<<ext ends JPanel >> <<ext ends JPanel >>
outputPane InfoPane
8.1 Graphics

Graphicsclass maintains the package classes and it implements iGsaperface. Con-
structor takes DataCollection -class as parameter.

8.1.1 Method update

Update is a public method, which takes no parameters. Updgéghics on screen.
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8.1.2 Method showErrorMessage

ShowErrorMessage is a public method, which takes messatjb@riean value as pa-
rameter. Method shows error message in pop-up-window. Vailige as parameter reveal
that program shall terminate execution.

8.1.3 Method showMessage

ShowMessage is a public method, which takes message asgqiaranvethod shows
message in pop-up-window.

8.2 GraphicsWindow

GraphicsWindowelass builds program’s windows in new thread. Construdar public
method, which takes DataCollection and GraphicsEngirasses as parameters.

8.2.1 Method update

Update is a public method, which takes no parameters. Maipddtes GraphicsEngine,
InfoPane and OutputPane. Returns boolean value.

8.2.2 Method buildWindow

BuildWindow is a public method, which takes no parametersthdd builds the main
window and includes OutputPane, InfoPane and menus in it.

8.2.3 Method actionPerformed

ActionPerformed is a public method, which takes events asrpeter. Method handles
ActionEvents.

8.3 GraphicsEngine

GraphicsEngineés responsible for rendering graphics viewed on screenpl@caEngine
class gets all information about program'’s state from Datke@ion -class and it renders
weather, planes and routes in one offScreen -image. Grsiphgine uses Java 2D and
buffered offScreen-images. Next frame will be renderedmingldNextFrame() -method
is called. We render the main background image just whenheeahanges. Background
image contains weather map, airport and arrival tree. Wheather stays the same, we
just render airplanes and airplane paths on the top of olddraand. At the beginning
we show the Chopper -logo. GraphicsEngine also takes cdwading public graphics
from hard disk. This feature is rather used by window and éRan
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8.3.1 Method GraphicsEngine

The constructor of the class, that initializes render patans. Takes DataCollection class
as a parameter.

8.3.2 Method buildNextFrame

BuildNextFrame is public method, which takes no parametdiethod uses Java 2D and
renders buffered off-screen images. Returns boolean value

8.3.3 Method getFrame

GetFrame is public method, which returns next bufferedsafeen image.

8.3.4 Method getGraphics

GetGraphics is public method, which takes index as paraméiethod returns asked
bufferedimage. This feature is rather used by JPanels.

8.3.5 Method getStatus

GetStatus is public method, which takes no parameters. ddetbturns current class
status. Status is false until first offScreen image is ready.

8.3.6 Method setDebugMode

SetDebugMode is public method, which takes boolean valymesmeter. Method pur-
pose is to make it easier to test graphicsEngine.

8.4 outputPane

OutputPaneuses Java 2D Graphics to display and print graphics on scfeenstructor
gets the GraphicsEngine class as a parameter.

8.4.1 Method update

Update is public method, which takes no parameters. Metlpoldtes outputPane and
calls the paint -method. Returns boolean value.
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8.4.2 Method paint

Paint is a public method, which takes graphics -object aarpater. Method paints off-
Screen images to JPanel.

8.5 infoPane

InfoPane-class extends JPanel and it shows numerical informationtgtrograms state.
Constructor gets the GraphicsEngine -class as a parameter.

8.5.1 Method update

Update is public method, which takes no parameters. Metpodtes infoPane and calls
the paint -method. Returns boolean value.

8.5.2 Method paint

Paint is public method, which takes graphics -object asmater. Method paints infor-
mation to JPanel.



