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Chapter 1: ISolid interface

All solidsimplementsanabstractinterfaceISolid. This interfaceallows theretrieval of all
informationwhicharecommonfor all typesof solids.Onecanaskit thefollowing questions

� const std::string& name() const
It returnsthenameof thesolid. This nameis not requiredto beuniqueor specific. It is
usedonly for theuserconvenience.

� const std::string typeName() const
It returnsthe specifictype namefor the given type of the solid. It could be used(in
parallelwith dynamic_cast and/ortypeid) for determinationof the concretetype
of thesolid.

� bool isInside( const HepPoint3D& LocalPoint ) const
It checksif theLocalPoint is insideof thegivensolidor not. Pointshouldbegivenin
a local referencesystemof thesolid!

� const ISolid* cover() const
It returnsthe C++ pointerto the ”simplified” solid, which canbe usedfor differentap-
proximationsandsimplifications.

� const ISolid* coverTop() const
It returnstheC++ pointerto ”the mostsimplified” solid,which canbeusedfor different
approximationsandsimplifications.Normally it is just abox.

� anadditionanoverloadedoutputoperatortostd::ostream is implementedfor objects
of typeconst ISolid& andconst ISolid*.

� Thespecial(technical)methodis definedfor searchingtheintersectionpointsof theline
andthegivensolid.

/// tick type definition
typedef double Tick ;
/// tick container definition
typedef std::vector<Tick> Ticks ;
virtual inline unsigned int intersectionTicks (

const HepPoint3D & Point ,
const Hep3Vector & Vector ,
ISolid::Ticks & ticks ) const;

Line is assumedto be parametrisedin the local referencesystemof the given solid as������
	�� �
���� �� ��� where
�
�� correspondsto const HepPoint3D& Point and

�� cor-
respondstoconst Hep3Vector& Vector. TheoutputcontainerTicks& ticks
is ordered.Thereturnedvalueis just thenumberof intersectionpoints(sizeof theoutput
container).
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� Thesameaspreviousmethod,but only ”ticks” betweenspecifiedminimal andmaximal
valuesarereturned:

virtual inline unsigned int intersectionTicks (
const HepPoint3D & Point ,
const Hep3Vector & Vector ,
const Tick & tickMin ,
const Tick & tickMax ,
ISolid::Ticks & ticks ) const;

Please,pay someattentionthat all methodsfrom ISolid interfaceare constantmethods,
which is quitefavourableform thesafetyconsideration.

All specificquestionsconcerninga specificshapesandparametersof thesolids,pointedby an
const ISolid* pointer, shouldbe addressedto a specificclassesafter castingperformed.
For castingto aspecificsolid typethereexist 3 possibility

� sequentialcastingvia dynamic_cast to all hypothesistill successfulcasting

void f( const ISolid* solid )
{

const SolidBox* box =
dynamic_cast<const SolidBox*>(solid); }

if( 0 != box )
{ /* do what you want with box */ }

else
{
const SolidTubs* tubs =
dynamic_cast<const Solidtubs*>(solid); }

if( 0 != tubs )
{ /* do what you want with tubs */ }

}
}

� determinethe exact type of solid beforecastingvia dynamic_cast usingtypeid
facility:

void func( const ISolid* solid )
{

if( typeid(*solid) == typeid(SolidBox) )
{
const SolidBox* box =
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dynamic_cast<const SolidBox*>(solid);
/* here one can do something with box */

}
else if( typeid(*solid) == typeid(SolidTubs) )
{
const SolidTubs* tubs =
dynamic_cast<const SolidTubs*>(solid);

/* here one can do something with tubs */
}

}

� determine the exact type of solid before casting via dynamic_cast using
ISolid::typeName() methodfrom ISolid interface:

void func( const ISolid* solid )
{

if( solid->typeName() == "SolidBox" )
{
const SolidBox* box =
dynamic_cast<const SolidBox*>(solid);

/* here one can do something with box */
}

else if( solid->typeName() == "SolidTubs" )
{
const SolidTubs* tubs =
dynamic_cast<const SolidTubs*>(solid);

/* here one can do something with tubs */
}

}

The classdiagramfor all concretesolids implementedin DETDESC versionv6 is shown in
figure1.1.
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Figure1.1: Theclassdiagramfor all concretesolidsimplementedin DETDESC versionv6



Chapter 2: Primitive solids

Currently5 typesof ”primiti ve” solidsareimplemented.Themostfrequentlysolids(”shapes”)
were chosenfrom shapesavailable in GEANT3 and GEANT4 packages.Thereare no any
principal limitationsandif oneneedssomeadditionalshapesfrom GEANT3 and/orGEANT4
tool kits they couldbeimplementedondemand.
For all solids,thereis no any ”setters”.Oneis ableto settheparametersonly in thecreationof
theobjectsvia parametersin constructor.
Furtheronly specificmethods(or specificdetailsof commonmethod)are describedfor all
availablesolids.

2.1 Boxes

This shapeis describedin classSolidBox � . This is the most primitive shape. Essential
featuresof this classare:

� Constructorrequiresnameof the solid and3 positive� parametersto be given. All pa-
rametersaremandatory. Thereis no any default valuesfor them. Keepingin mind that
a significantnumberof physicistshave someexperiencewith geometryandshapesin
GEANT3 a half-sizeshalf sizein x-,y- andz- directions)of parameterswerechosenas
baseparametersfor constructor.

� Since further ”simplification” of this shape looks not reasonable, both
SolidBox::cover() andSolidBox::coverTop() methodsjust returnsthis
pointer. It meansthat”simplified box” is exactly thesamebox.

XML descriptionof this shapelookslike:

<box name = ’Box_name’
sizeX = ’0.4*cm’
sizeY = ’0.5*cm’
sizeZ = ’0.6*cm’ />

2.2 Simple trapezoids

Trapezoidsareimplementedin theclassSolidTrd� . Essentialfeaturesof this classare:

� Constructorrequiresnameof thesolidand5 positive� parametersto begiven.All param-
etersaremandatory. Thereis no any default valuesfor them. They are- half lengthin
z-direction,half sizesonx- andy-directionsatminimalvalueof z andatmaximumvalue
of z.�

It correspondsto ’BOX ’ shapefrom GEANT3 package�
Non-positiveparametersthrow exceptionvia SolidException class�
It correspondsto ’TRD ’ shapefrom Geant3 package�
Non-positiveparametersthrow exceptionvia SolidException class
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� Simplificationof SolidTrd is doneby a 2 steps.If sizesin x-directionarenot equalto
sizesin y-direction,the”simplification” is just thesmallest”symmetric” trapezoidwhich
containsthegiventrapezoid.If the trapezoidis alreadysymmetric,the ”simplification”
is theminimalbox,whichcontainsthegivensymmetrictrapezoid.

XML descriptionof this shapelookslike:

<trd name = ’Trd_name’
sizeZ = ’100*cm’
sizeX1 = ’10*cm’
sizeY1 = ’12*cm’
sizeX2 = ’13*cm’
sizeY2 = ’14*cm’ />

2.3 Tube segments

Tubesegmentsareimplementedin theclassSolidTubs� . Essentialfeaturesof thisclassare:

� Constructorrequiresnameof the solid, the positive half-lengthof the tube(no default
value), the positive outer radiusof the tube (no default value), the non-negative inner
radiusof the tube(default valueis 0), startof phi angle(in radians,with default value
0*degree) andthe size (non-negative) in phi (in radians,default value is 360*de-
gree) andtheparameterwith describesthecoveringmodel(default valueis 0)

� Simplificationof SolidTubs is underthecontrolof thespecialparameter. Thedefault
simplificationis doneaccordingto thefollowing schema:

1. simplificationfor tubesegmentis tube(nogapsin � )

2. simplificationfor tubeis cylinder

3. simplificationfor thecylinder is thebox

Suchschemalooks quite naturalfor long tube segmentswith small gapsin � . But it
looks unnaturalfor e.g. wafersof vertex detector. Alternative schemais implemented
especiallyfor suchcases:

1. simplificationfor tubesegmentis cylindersegment(setinnerradiusto zero)

2. simplificationfor cylindersegmentis thecylinder itself (no gapsin � )

3. simplificationfor thecylinder is thebox

Othersimplificationschemascanbeeasilyimplementedon demand.

XML descriptionof this shapelookslike:�
It correspondsto ’TUBS’ shapefrom GEANT3 package



8 Chapter 2. Primitive solids

<tubs name = ’Tubs_name’
sizeZ = ’100*mm’
outerRadius = ’10*cm’
innerRadius = ’0*mm’
startPhiAngle = ’0*degree’
deltaPhiAngle = ’360*degree’ />

AttributesinnerRadius, startPhiAngle anddeltaPhiAngle couldbeomitted.

2.4 Conical tube segments

Conicaltubesegmentsareimplementedin the classSolidCons� . Essentialfeaturesof this
classare:

� Constructorrequiresnameof the solid, the positive half-lengthof the tube(no default
value), the positive outer radiusof the tube at minimal z-value (no default value), the
positive outerradiusof thetubeat maximalz-value(no default value),thenon-negative
inner radiusof the tubeat minimal z-value(default valueis 0), the non-negative inner
radiusof the tubeat maximalz-value(default valueis 0), startof phi angle(in radians,
with default value0*degree) and the size (non-negative) in phi (in radians,default
valueid 360*degree) andthe ”parameterwith describesthecoveringmodel(default
valueis 0)

� Simplificationof SolidCons is underthecontrolof thespecialparameter. Thedefault
simplificationis doneaccordingto thefollowing schema:

1. simplificationfor conicaltubesegmentis conicaltube(no gapsin � )

2. simplificationfor conicaltubeis thecone(setinnerradiusto null)

3. simplificationfor theconeis thecylinder

Suchschemalooks quite naturalfor long conical tubesegmentswith small gapsin � .
Alternativeschemais implementedespeciallyfor suchcases:

1. simplificationfor conicaltubesegmentis conesegment(setinnerradiusto zero)

2. simplificationfor conesegmentis coneitself (no gapsin � )

3. simplificationfor theconeis thecylinder

Othersimplificationschemascanbeeasilyimplementedon demand.

XML descriptionof this shapelookslike:
�
It correspondsto ’CONS’ shapefrom GEANT3 package
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<cons name = ’Cons_name’
sizeZ = ’100*mm’
outerRadiusPZ = ’100*mm’
outerRadiusMZ = ’200*mm’
innerRadiusPZ = ’0*mm’
innerRadiusMZ = ’0*mm’
startPhiAngle = ’0*degree’
deltaPhiAngle = ’360*degree’ />

AttributesinnerRadiusPZ, innerRadiusMZ, startPhiAngle anddeltaPhiAn-
gle couldbeomitted.

2.5 Sphere segments

Spheresegmentsareimplementedin theclassSolidSphere � . Essentialfeaturesof thisclass
are:

� Constructorrequiresnameof the solid, the positive half-lengthof the tube(no default
value), the positive outerradiusof the sphere(nodefault value),the non-negative inner
radiusof the sphere(default valueis 0), startof � angle(in radians,with default value
0*degree) andthesize(non-negative) in � (in radians,default valueis360*degree)
startof � angle(in radians,with default value0*degree) andthe size(non-negative)
in � (in radians,default value is 180*degree) and the parameterwith describesthe
coveringmodel(default valueis 0)

� Simplificationof SolidSphere is underthecontrolof thespecialparameter. Thede-
fault simplificationis doneaccordingto thefollowing schema:

1. simplificationfor spheresegmentis spheresegmentwith no gapsin �
2. simplificationfor spheresegmentwith no gapsin � is just thesphereitself

3. simplificationfor thesphereis spherewith innerradiusequalsto null

4. simplificationfor thespherewith innerradiusequalsto null is thebox

Alternativeschemais implementedespeciallyfor suchcases:

1. simplificationfor spheresegmentis spheresegmentwith null innerradius

2. simplificationfor spheresegmentwith inner radiusis spheresegmentwith no gap
in �

3. simplificationfor spheresegmentwith no gapin � is sphereitself

4. simplificationfor sphereis thebox�
It correspondsto ’SPHR’ shapefrom GEANT3 package
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Othersimplificationschemascanbeeasilyimplementedon demand.

XML descriptionof this shapelookslike:

<sphere name = ’Sphere_name’
outerRadius = ’100*cm’
innerRadius = ’0*mm’
startPhiAngle = ’0*degree’
deltaPhiAngle = ’360*degree’
startThetaAngle = ’0*degree’
deltaThetaAngle = ’180*degree’ />

All attributes,but outerRadius couldbeomitted.

2.6 The most general trapezoid

themostgeneraltrapezoidsareimplementedin theclassSolidTrap� . Thefacesperpendic-
ular to thez planesaretrapezia,andtheir centresarenot necessarilyon a line parallelto theZ

axis.

From 11 parametersdescribedbelow, only 9 arereally independent- a checkfor planarity is
madein thecalculationof theequationfor eachplane. If theplanesarenot parallel,a call to
SolidException is made.Parametersare:

pDz Half-lengthalongthez-axis

pTheta Polarangleof theline joining thecentresof thefacesat+/-pDz

pPhi Azimuthalangleof the line joining thecentreof the faceat-pDz to thecentreof the
faceat+pDz

pDy1 Half-lengthalongy of thefaceat-pDz

pDx1 Half-lengthalongx of thesideaty=-pDy1 of thefaceat-pDz

pDx2 Half-lengthalongx of thesideaty=+pDy1 of thefaceat-pDz

pAlp1 Anglewith respectto they-axisfrom thecentreof thesideaty=-pDy1 to thecentre
aty=+pDy1 of thefaceat-pDz

pDy2 Half-lengthalongy of thefaceat+pDz

pDx3 Half-lengthalongx of thesideaty=-pDy2 of thefaceat+pDz

pDx4 Half-lengthalongx of thesideaty=+pDy2 of thefaceat+pDz�
It correspondsto ’TRAP’ shapefrom GEANT3 package
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pAlp2 Anglewith respectto they-axisfrom thecentreof thesideaty=-pDy2 to thecentre
aty=+pDy2 of thefaceat+pDz

XML descriptionof this shapedoesnot yetexist.



Chapter 3: Boolean solids

Booleansolidsrepresentsanew wayof constructionof complicatedshapesfrom simpleone.

Theessentialfeaturesof all booleansolidsimplementedwithin GAUDI framework are

� all of themareinheritedfrom classSolidBoolean, which implementsISolid inter-
face.

� classSolidBoolean hasanotionof ”main” (or ”first”) solid anda (optionallyempty)
list of ”child solids”. This ”main”(”first”) solid definedthe overall referencesystem.
Each”child solid” is placedwith respectto this referencesystem.Pointersto theexisting
solids(eitherprimitive or boolean)areusedin constructorof booleansolid (wherethe
valid pointerto the”main”(”first”) solid is mandatory)andin furtherbooleanoperation
with ”child solids”.

� thegreatssimplificationin thecurrentimplementationof SolidBoolean classis thatit
simply delegatesmethodsSolidBoolean::cover() andSolidBoolean::co-
verTop() to its ”main” (or ”first”) solid, insteadof exactbut tediouscalculationof the
covering.

� all implementedbooleansolids- subtraction,unification,andintersectiondiffer only in
the implementationof methodSolidBoolean::isInside(const HepPoint-
3D& LocalPoint) const.

3.1 Subtraction

Subtractionof solidsis implementedin classSolidSubtraction. Theessentialfeaturesof
thisclassare:

� constructorgetsthe nameof the solid andmandatoryvalid pointer to the solid (either
primitiveor boolean)to beusedas”main”(”first”) solid.

� SolidSubtraction::isInside(const HepPoint3D& LocalPoint) me-
thodimplementedsucha way that local point ”is inside” of thegivensolid if it is inside
of ”main” (”first”) solid,andit is not insideany child solid.

� child solid could be added using method SolidSubtraction::subtract
(ISolid* child, HepTransform3D* mtrx).

For purposesof propervisualisationandGEANT4 trackingit is recommendedto avoid common
facesbetween”main” solidandsubtractedchild.
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3.2 Union

Unificationof solidsis implementedin classSolidUnion. Theessentialfeaturesof thisclass
are:

� constructorgetsthe nameof the solid andmandatoryvalid pointer to the solid (either
primitiveor boolean)to beusedas”main”(”first”) solid.

� SolidUnion::isInside(const HepPoint3D& LocalPoint)methodimple-
mentedsucha way that local point ”is inside” of thegivensolid if it is insideof ”main”
(”first”) solid or it is insideof any child solid.

� child solidscouldbeaddedvia methodSolidUnion::unite(ISolid* child ,
HepTransform3D* mtrx).

3.3 Intersection

Subtractionof solidsis implementedin classSolidIntersection. Theessentialfeatures
of this classare:

� constructorgetsthe nameof the solid andmandatoryvalid pointer to the solid (either
primitiveor boolean)to beusedas”main”(”first”) solid.

� SolidIntersection::isInside(const HepPoint3D& LocalPoint)me-
thodimplementedsucha way that local point ”is inside” of thegivensolid if it is inside
of ”main” (”first”) solidandit is insideeachchild solid.

� child solids could be added via method SolidIntersection::intersect
(ISolid* child , HepTransform3D* mtrx).


