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‘ Outline

= (Too short) introduction to CGAL*
= MMS supplied material

= GUI

*slides based on presentation by Erich Berberich in ACG course spring 2009




Disclaimer

= We assume that you are familiar with the
notions of

o C++
2 Inheritance (OOP)
o C++ Templates (Generics in Java)




‘ Outline
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= MMS supplied material

= GUI
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CGAL - Goals

= Robust geometric computing
o Robust (correctness, degeneracies)
o Efficient (nevertheless: reasonable fast)
o Ease of use (for users)
o Homogenelity

= Geometric computing
o Generic programming

o Exact Geometric Computing Paradigm (by Yap) - all
predicates asked by a combinatorial algorithm
compute the correct answer




CGAL -Ingredients

= Implementations of geometric

o Objects + Predicates + Constructions , Kernels

o Algorithms + Data structures / O
= Objects : Points, Lines, Segments, Circles
= Predicates: Orientation, Intersections
= Kernels: Objects + Predicates + Number types /¢

= Algorithms: Convex Hull, Triangulations, Minkowski
sums

.C b




‘ CGAL — Number Types

= Built-in:
o Int, double - fast, inexact
= CGAL
o Exact: Quotient, MP_Float,
o Lazy exact nt<NT> (first tries an approximation)
o Algebraic kernel
= BOOST:
o Interval
= GMP
o Gmpz, Gmpg
= LEDA & CORE
o Integer, Rational




Generic Programming

= Generic implementations consists of 2 parts:
o Instructions that determine control-flow or updates

o Set of requirements that determine the properties the
algorithm’s arguments/objects must satisfy

= We call such a set a Edncept

= ltis abstract, i.e., not working without being instantiated by a model
that fulfills the concept




‘ Generic Programming (cont)

= template <class T>
void swap(T& a, T& b)
{
Ttmp = a;
a=b;
b = tmp;
return;
}
= Argument: type Tlwhich must be
o default constructible [
o Assignable
= Usage:
inta=2;
intb = 4;
std::swap(a,b)




‘ Outline

= (Too short) introduction to CGAL*
= MMS supplied material

= GUI
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‘ General Contents

4, MMS_ workshop_ 12 i Mame

I svn
. . Iwn
4 %, Configuration_spaces

#. Configuration_spaces
P g s Granh
, Gra
I . AnglePrimitive @ 2
T @ Input
[ @y, PointPrimitive .
#. Manifolds
I g, Graph .
#. Path_planning
I ) Input
] #. Programs
4 %, Manifolds )
&, Project
P svn .
. Utils
[ @y, Base

&) FSC

Qj Fsc_path_planning
1] heuristic_utils
# Mrms_example

I . Fixed_angle
I @y Fixed_point
[ . Path_planning
I ® Programs

I # Project
4wy Utils

m

[ svwn

[ . Geometry_utils

I @ Interval_utils B
I @ Mumber_utils
[ #. Polygon_utils
I g, Random_utils
I» @, Rotation_utils
[ gy, UL utils




‘ General Contents - Project Folder

= General files required for the project.
= There is no need to change these files.

= Includes.h - General include files used by all
components

=  Globals.h - Global constants

= CompilationFlags.h - Compilation flags
m  CgalTypedefs.h - General typedefs

= Configuration.h Configuration.cpp

= Configuration.h, Configuration.cpp - A class
that reads and stores a configuration file

4%, MMS workshop_ 12

* W SV
4 @, Configuration_spaces
i svn
* . AnglePrimitive
* # PointPrimitive
> @y Graph
* . Input
4 Manifolds
* i svn
* @y, Base
+ #. Fixed_angle
» . Fixed_point
» #. Path_planning

» # Programs

4 @ Ltils

* W svn
Geometry_utils
Interval_utils
Mumber_utils
Pelygon_utils
Random_utils
Rotation_utils

UT_utils

RS S S SSY

-~

m

Mame

SV
#1] CgalTypedefs
# CompilationFlags
ﬁﬂ Configuration
#i| Configuration

# Globals

il Includes

Type

File folder
C/C++ Header
C/C++ Header
C++ Source
/C++ Header
C/C++ Header
C/C++ Header
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‘ General Contents — Programs Folder

= Contains a simple program that calls
an example of the MMS framework

m Declared in Path_planner.h
= Implemented in Path_planner.cpp

= We will cover this example thoroughly

4 @ MMS_workshop_ 12 it Mame

EF R
SV

&j Path_planner
#i] Path_planner

4wy Configuration_spaces
> W .svn
> . AnglePrimitive
> @ PointPrimitive
> @y Graph
- @y Input
4 @, Manifolds
> W .svn
> gy, Base
- @y Fixed_angle
iy Fixed_point
» @ Path_planning

@ogams >

» @y Project

4 Utils

m

¢ SN

> @y Geometry_utils

> iy Interval_utils .
> . Mumber_utils
> . Polygon_utils
> @y Random_utils
> @y, Rotation_utils
> @y UL utils i

Date maodified

20-Mar-12 2:51 AM
19-Mar-12 1:41 PM
19-Par-12 12:52 PM
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‘ General Contents — Input Folder

Demo scenarios we will supply
Configuration file configuration.txt

& MMS_workshop 12
-y
#. Configuration_spaces
Evn
#. AnglePrimitive
#. PointPrimitive

[} Graih

&, Manifolds
ety
#. Base
#. Fixed_angle
#. Fixed_point
Path_planning
Programs
Project
Lkils

SN

geee

Geometry_utils
Interval_utils
Mumber_utils
Palygon_utils
Random_utils
Rotation_utils

UT_utils

SRS SR SRS S S

2

m

Mame

SV
. Flower

% Maze

#. Tunnel

#%  configuration

Type

File folder
File folder
File folder
File folder

Text Document
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General Contents — Utils Folder

= Includes many utilities used by the MMS
framework.

=  Geomtric utilities (such as bounding
volumes and point comparison)

= Interval utilities (such as intervals and
interval sets)

= Number type utilities (such as
conversions between algebraic and
rational numbers and the approximation
of square root numbers),

= Polygon utilities (such as intersection
predicates, translations and rotations of
polygons and more)

= Utilities supporting random generation of
numbers and geometric objects,

= Rotation utilities (such as representing a
rational rotation and converting between
angles and rotations),

& MMS_workshop 12

4 SN

#. Configuration_spaces

: SN

#. AnglePrimitive
#. PointPrimitive

#. Graph

% Input

#. Manifolds
SV

#. Base

#. Fixed_angle
#. Fixed_point
#. Path_planning

#. Programs
% Project

. W5V

gepaeag

UT_utils

Geometry_utils
Interval_utils
Mumber_utils
Polygon_utils
Random_utils

Rotation_utils

-~

[ SR~ B B~ S B <. B~

Mame

SN

Geornetry_utils

) Interval_utils

; Mumber_utils
J Palygon_utils
; Random_utils
| Rotation_utils

) UT_utils

g_’l ReferencePoint

m
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‘ General Contents — Graph Folder

Graph.h - wrapper class around the
boost graph library

ConnectedComponents.h,
ConnectedComponents.cpp -
Implementation of queries on the
connected components of the graph

& MMS_workshop_ 12
SV
#. Configuration_spaces
W

#. AnglePrimitive

I. Pn'itPrimitive

% Input
#. Manifolds
ey
#. Base
% Fixed_angle
#. Fixed_point
#. Path_planning
#. Programs
#. Project
. Utils
ey
& Geometry_utils
. Interval_utils
#. Mumber_utils
& Polygon_utils
#. Random_utils
#. Rotation_utils
. UL utils

-~

m

Mame

gty
# ConnectedComponents
g] ConnectedComponents

#1| Graph

Type

File folder
C++ Source
C/C++ Heade
C/C++ Heade
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‘ General Contents — Configuration
Spaces Folder

Implementation of configuration
spaces for

= translating robot (AnglePrimitive)
= rotating robot (PointPrimitive)
Each folder contains a file named
ConfigurationSpace.h with the
implementation

& MMS5_workshop_ 12

. SR

#. Configuration_spaces

L& _AnglePrimitive

=

SN

PointPrimitive

#. Graph

#. Input
#. Manifolds

J SV
o
[
=

Base
Fixed_angle

Fixed_point

#. Path_planning

#. Programs

% Project

% Utils

e

. 5NN

Geometrny_utils
Interval_utils
Mumber_utils
Polygon_utils
Random_utils
Rotation_utils

UT_utils

s

m

Mame

Rty
#3| ConfigurationSpace
g] ShortestPathInPolygon

Type

File folder
C/C++ Heade
C/C++ Heade
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‘ General Contents — Configuration
Spaces Folder

Implementation of configuration
spaces for

= translating robot (AnglePrimitive)
= rotating robot (PointPrimitive)
Each folder contains a file named
ConfigurationSpace.h with the
implementation

4w MMS_workshop 12
= svn

4 @y Configuration_spaces

> svn

@ AnglePrimitive
> @ Graph
> iy Input
4wy Manifolds

> SR

» . Base

> @ Fixed_angle
@y, Fixed_point
» @, Path_planning
* @ Programs
> @y Project
4@y LUtils
> SR
. Geometry_utils
> @ Interval_utils
@ Mumber_utils
» @ Polygon_utils
» @ Random_utils
@y, Rotation_utils
» g UL utils

-~

m

Mame

SV
gj ConfigurationSpace

#a| CriticalValues

#| CriticalValuesConstructor
g_’l Fixed_point_utils

Type

File folder
C/C++ H
C/C++ He
C/C++ He
CfC++ Hi
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‘ General Contents — Manifolds Folder

= Unified interface for the decomposition of
configuration spaces into FSCs.
= Base classes

= Constraint_base.h — represents a
constraint that defines a manifold

m FSC base.h — represents a free space
cell in the decomposed manifold

= Manifold_base - represents a container
of FSCs

= Manifold _container_base - represents a
container of manifolds

. MMS_workshop_ 12

. EVN

#. Configuration_spaces

ey

#. AnglePrimitive

#. PointPrimitive
#. Graph
& Input

=

#. Base

#. Fixed_angle

#. Fixed_point
#. Path_planning
#. Programs
#. Project
. Utils

| SV

Geometry_utils
Interval_utils
Mumber_utils
Polygon_utils
Random_utils
Rotation_utils

LT utils

geaagae

-~

m

Mame

SV
#] Constraint_base

g] Fsc_base

#] Manifold_base

g] Manifold_container_base

Type

File folder

C/C++ Heat
C/C++ Heac
C/C++ Hear
CfC++ Heac
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‘ General Contents — Manifolds FoIder

= Unified interface for the decomposition of
configuration spaces into FSCs.
= Base classes

= Constraint_base.h — represents a
constraint that defines a manifold

m FSC base.h — represents a free space
cell in the decomposed manifold

= Manifold_base - represents a container
of FSCs

= Manifold _container_base - represents a
container of manifolds

o Inherited classes
o General Files

& MMS5_workshop_ 12

. W5V

#. Configuration_spaces

| SR
. AnglePrimitive
#. PointPrimitive
#. Graph
#. Input
| svh
#. Base
#. Fixed_angle
#%. Fixed_point
#. Path_planning
#. Programs
#. Project
. Utils
| svn
Geometry_utils
Interval_utils
Mumber_utils
Polygon_utils
Random_utils
Rotation_utils

UT_utils

e

s

m

Mame

VT
#. Base

#. Fixed_angle

#. Fixed_point

2| Fsc_indx

g_’l Intersect_manifolds
=] MMSTypedefs

Type

File folder
File folder
File folder
File folder
C/C++ Header
C/C++ Header
C/C++ Header
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General Contents — Path Planning
Folder |

Local planners in different FSCs.

Not everything will be supplied but the
Infrastructure exists

% MMS_workshop_ 12 i Marne

. VN
SN

#1| IntervalPathPlanning
#] PathPlanningUtils

gﬂ PelygonPathPlanning
#i] ShortestPathinPolygen

#. Configuration_spaces
. EVN
#. AnglePrimitive
#. PointPrimitive
#. Graph
% Input
W=
. SN
% Base
#. Fixed_angle
#. Fixed_point
Path_planning
Programs
Project
Utils

. BN

PR

m

Geormetry_utils

Intersal_utils n
Mumber_utils
Polygon_utils
Random_utils
Rotation_utils

UT_utils

R

Type

File folder

C/C++ Head
C/C++ Head
C/C++ Head
C/C++ Head
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‘ Example - single robot_planner_example

H| Declarations
EH void single robot planner example (int argec, char* argv[])
17 {

[
[y]

1

S foypedefs

typedef(@@EEEEEE;%Eth_planner_ex%E%EEEE:::Planner:

ffloading files from configuration.txt
Time manager tm;
tm.write time log(std::string("start")):

[T

Enviromment<> env(argc,argv)
tm.Wwrite time log(std::string("set environment'));

o I T o BT R N % B S

S floading scene from environment

Flanner: :Polygon vecsk workspace (env.get_workspace () )
Flanner: :Extended polygon my robot (env.get robot af()):
Flanner: :Extended polygon dynamic obstacle (env.get robot bB()}:

ffin the example we assume that the dynamic ocbstacle is in the origin
dynamic obstacle.move origin():

[T U Ny

Ln

Sfadd dynamic obstacle a= a static obstacle to the workspace and preprocess
workspace.push back(dynamic cobstacle.get_absolute polygon()):
Flanner planner (workspace, my robot):

-1 ™

planne€. preprocess | Dr

[ U T T S TR S T T TR S N S TN % TR TS TN O % TR % N % TR % T ° D % T % TR L% I % TR U B % T =)
O W

[= TR

workspace.pop _back(): ffreset workspace
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‘ Example - single robot_planner_example

42

o

44
45
46
47
49
50
51
52

o

o4
55
Se

a8
a0

a2

S /fconstruct query
Planner: :Reference point g =, d 7

g_=.zet_location(Planner::Point(-0.39375,0.38375));
g =.set_rotation(PFlanner::Rotation(0,1)}:

g _t.set location(Planner::Point(-0.3%375,0.21875)):
q_t.set_rotation(Planner::Rotation(l,0)):

Siperform query
=std: :vector<Planner: :Reference point> path;

bool found path planner.query(d)s, d t,

std: :back inserter(path)):

if (!found path)

=td: rcout<<"no path found :-({"<<=std::endl;
else

std: icout<<"path found :-)"<<std::endl;
return;
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‘ Example - class Mms_path_planner_example

O #ifndef MMS_EXAMPLE H
#define MMS EXAMPLE H

$include "Manifolds\MMSTypedefs.h"

#include "Manifolds\Fsc_ indx.h"

#include "Manifolds\Fixed angle‘Fixed angle manifold container.h"
#include "Manifolds\Fixed point\Fixed point manifold container.h"
#include "Manifolds\Intersect manifolds.h"

#include "heuristic utils.h"

10;| #include "FSC.h"|

11| #include "Graph\Graph.h"

12i| #include "Fsc _path planning.h"

13_
fEEinamespace mms { :>
15
lei| cemplate <tfpename K =\Rational kernel,

17 1 =) CGAL: :Algebraic kermel d 1 «<typename CGAL::CCORE arithmetic kernel::Integerl,
B A conversions Algebralc kernel d 1 conversions rational<typename CGAL::CORE arithmetic kernel> >
13 class Mms path planner exampl ]
44gil } f/mm=

447! #endif //MMS_EXAMPLE H

e T T L R

o

24



‘ Example - class Mms_path_planner_example

s I Te]

f—] class Mms path planner example

[ =
[

{
21| public:
22 typedef typename K::Point 2 Point;
23 typedef Rotation<typename EK::FI> Eotation:
24 typedef typename Reference point<E>
25 typedef Rotation range abscolute<typename K::FT> Rotation range;
26
27 typedef CGAL: :Polygon 2 <> Polygon;
28 typedef CGAL: :Polygon with holes 2<K> Polygon with holes;
29 typedef typename Extended polygon<i> Extended polygon;
30 typedef typename Smart polygon with holes<E> Smart polygon:
32 tyvpedef =td::vector<typename Polvyvgon> Folygon wec:
33 typedef CGAL::Polygon set 2<E> Polygon set:
34
35i| private:
36 typedef Fsc indx<E> Fsc ind=x;
37 typedef F5C<EK, AK, AF conversions> Fac:
39 typedef Fixed angle manifold container<E> AyEeTS:
40 typedef typename Lavers::Manifold @
41
42 typedef Fixed point manifold container<K, AK, AK conversions> C space lines;
3 typedef typename C space lines::Manifold
44
45 typedef Graph<Fsc indx, Less than fsc indx<E> }
46 typedef Random utils<E> Random UTIT=;




‘ Example - class Mms_path_planner_example

47

o

49
50
51
52
23
o9
a5
o6
57

]

o

private:
Polygon wecs
Folygon_wvec
Extended polygoni

Connectiivity graph
std: ivector<Rotation>
Layers

C_=space lines

Randum_utils
LE

_workspace;
_deconposed workspace:
_robot:

rotations;

layers;

rand;
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Example - class Mms_path_planner_example

60| public:
6l Sfconstructor

62 Mms path planner exanple (Polyvgon wvec &wWorkspace, Extended polygoné rnbnt}
66 S fpreprocess

Tmi (const unsigned int num of angles = cnnfig‘uratinn.get_slices_granularit}g:]-]-

S fauery

tenplate pename Cutputlterators>
bt Eeference point&é source, const Reference pointé target,
[ CutputIterators ni}

private: //layer methods

+] wvold generate rotations (const unsigned int num nf_a.ngles}

4]
]
[
asl)

[ T T T < T v
Y SN o o Y SN S T Y5 B

[
tn
tn

o

120iF wo 'nst Eotationé& rntatinn}

120 private:

191iH Tmi} [ ...}

185y wolid generate connectors random ()| { ... !
200 wvold generate connector random | ]-
258! | private: //filtering methods
25%# bool filter out (typename C space line::Constraints cnnstraint}
290;| private: //Comnectiivity graph methods

51 wvoid update connectivity graph wertices (Layeré layer, int 1a}ger_id]-
00 void update connectivity graph (int c space line id)

2% | private: //guery related methods

30 tenplate <typename CutputIterator>

3 Eeference point connect to graph( const Reference pointé ref p,

32iM CutputIterators ni}

private: //Fsc indz related methods

[+ Fesc indx get containig fsc(const Reference pointi ref_p]-

[+ Fzc* get fsc(const Fsc_ indxs fsc_ind.:-:}

[+ Reference point get_ intersection(const Fsc indxg fsc indx 1, const Fsc ind=xs fs::._ind:-:_Z}
private: f/caching related methods

H wvoid decnmpnse_wnrkspace_intn_cnnvex_pnl}ggnns:]-

template <typename QJutputlterator>

F wold decompose into convex polygons (const Polygoné polygon, Outputlterators r:ni}
}: //Mms path planner example

Y Y Y Y O 'L T 7 T L 7. T T T L R L LT %
[T |
2o k3o on B

L Ll L Ly

=] M =

YR Y
YR Y
4 I

44} //mms




Example - class Mms_path_planner_example

67iE WO (const unsigned int num of angles = configuration.get slices granularity(})
8 {
69 generate rotations (num of angles);

a decompose workspace into convex polygons():
BOOST _FORELACH (Rotation rotation, _rotations)

add layer (royation);
global tm.write time log(std::string("finished layers")):

enerate connectors >

global tm.write time log(std::string("finished connectors")};:

-]

-]

o

1
=] M N Wb L R

-] =]

e |
J L o

global tm.write time log(std::string("finished preproccesing"”}):
return:

o o

;
T
et
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Example - class Mms_path_planner_example

-] =] =] =] =] =]

e |
J L o

o o

o 0o o 0o 0 0 O o O o

=] M N Wb L R

[

-] M N Wb L R

[Te s

A vo
{

(const unsigned int num of angles = configuration.get slices granularity(})

generate rotations (num of angles);
decompose workspace into convex polygons():

BOOST _FORELACH (Rotation rotation, _rotations)

add layer (royation);
global tm.write time log(std::string("finished layers")):

enerate connectors >

global tm.write time log(std::string("finished connectors")};:

global tm.write time log(std::string("finished preproccesing"”}):
return:

= S add layer(2onst Rotation& rotation)

{

/fcreate layer

Layer* layer ptr = new Layer (Layer::Constraint(rotation));
layer ptr->decompose(_ robot, decomposed workspace):

int layer id = layers.add manifold(layer ptr);

update connectivity graph vertices(*layer ptr, layer id):
return:
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Example - class Mms_path_planner_example
200Q void QEEEEEEf_connEctor_gffﬁEEII)
201 {
2024 FEEFEFEEFEFT i frsfrfisddiriidirddsfdiiidiiiiiirifiiiiirifiiriisy
203 ffget free point in the configuration space on one of the layers
204+ FEEFEFEEFEFT T rrifrsrrfrriisiifirdifiridiiiriirifirifiririiriisy
213 C_space line* c_space_ line ptr;
214 C_space line::Constraint constraint;
215H FEEFEFEEFEFT T rrifrsrrfrriisiifirdifiridiiiriirifirifiririiriisy
216 ffchoose roi
217k AL EEAE i irrdisrdiiriidddisddirddiiidiiidiiidiiidiiddiiiiisy
238iQ FEFEEFETESFT TSRS FT T i i i i iiiiiiidiiiifidiifiiiiiiiiiiiifsy
239 Slfattempt to filterxr
240i - ST i iiriiiiriiiifiiiidiiiiiidrifidiiiiiiiisriisy
241 innstraint b
242 retoros
243
2440 FEFEEFETESFE TSRS T i TS i i i i iifiiiidiiiifiiifiiiiirifiirifsy
245 ffocreate connector
246 P II T II A IP T I A F i iidii i iriiiriiirissy
247 c_space line ptr = new T space line (constraint, _ak);
248 c_space line ptr->decompose ( robot, decomposed workspace):
249 int ¢ _space line id = lines.add manifold(c_space_ line ptr);
250
251 FEFESFETETFTTTS RS FT T AT T i i i i i i i i iifiiifirifiririiriisy
252 S /update connectivity graph
253it PP AP T i i i i i iiiiiifiiifiiiiiiiiiiiifsy
254 1] te_cnnnectiviti;ézéﬁﬁlc_space_line_id};
255 retuarn;
256
257 }
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Example - class Mms_path_planner_example

-1 o N s L

J L o

[T Uy

-1 o n

S Ve ST v SO W i N O Vs SO W O W SO e B e T e O T N T N N

J i o

=

=

template <typename Jutputlterator>
boo cnnst Eeference point& source, const Reference pointi target,

{

CutputIterators ol)

FEEEEFEEFFiiiiiiiiiiiiiiiiiiriiiriss
S foconnect source and target to graph
FEEFEFETErErrrrrriififiiriririririsy

std: ivector<Reference point> source_ path, target_path;

Eeference point perturbed source = connect to_graph(source, std
Eeference point perturbed target = connect to graphitarget, std
if (source path.empty() || target path.empty() )

return false;

FAELEFELEFirriirriirriirriirriirriss

S /ifind path of fscs(if exi=sts)
FFELFFPLEFRLFFAIEFArrFirriirriirriss

Fezc indx source fsc indx (@et_containig f8py(perturbed source)):
CGAL postcondition (Source fsc indx = Fsc indx=()):

Fezc indx target fsc indx (get containig fsc(perturbed target)):
CGAL postcondition (target fsc indx != Fsc indx()):

<:::;££Z:113E{Fsc iﬁé;;:E;Ezindx_path;

if (zource_ fsc indx == target_f=c indx)
fezc_indx path.push back(source f=c_ indx):;
el=se

ttback inserter(source path)):
ttback inserter(target _path)):

_graph.find path Dscurce fsc indx, target fsc indx, fsc indx path):

if (fsc_indx path.empty())
return false;
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‘ Example - class Mms_path_planner_example

114i FEEFEFEFEEFEF A FErEr i ririrrrres
] S/find path of configurations

ALy
BOOST FOREACH (Reference point ref p, source path)
*oi++ = ref p;

I I I I
I I = =
=1 & in
T

=

[T s

1 int curr_ fsc indx = 0;

121 Reference point curr ref p = perturbed source;
122 std::list<Fsc_indx>:!iterator curr, next;

123 next = curr = fsc indx path.begin():

124 ++next;

125 while (next != fsc indx path.end())

126 i

=

Eeference point next ref p =t *ourr, *next):;

Fzc* fsc ptr = get_fsc(*curr);
CGAL postcondition(fsc ptr->contains (curr ref p) && f2c_ptr->contains (next_ref p)):

plan path Df=sc ptr, curr ref p, next ref p, ol):
curr++; next++;

curr ref p = next ref p;
delete fsc _ptr;

|l e e e B e e B e B
tnouls Wi kY O S W R

-]
[

=

Fec* fsc_ptr = get f=c(®curr):
plan pathifsc prtr, curr ref p, perturked target, oi):

=

I
oD L L G L D LA L L R3ORS RS ORI R ORI RS ORI ORI ORI

eRE]

=
L

140 delete fsc ptr;
141
142 BCOST FORELCH (Reference point ref p, target path)

143 *oi++ = ref p:
144 return true;




‘ Outline

= (Too short) introduction to CGAL*
= MMS supplied material

s GUI

*slides based on presentation by Erich Berberich in ACG course spring 2009
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| GUI

= Scene generation
= Path visualization

7
& Multiple Robot Motion Planner

P N e e

A ® /
QA

(=)
e
ooooooo
d gl
B [ DrawObstacles ] [ DrawRobots ]
[ Clear ] [ Clear Results ]
Animation Speed  ~ D

[ Animate ] [Execute Mation Planning]

GGGGG
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Tips

s Use precompiled headers
= CGAL Manual
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