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/I Class: SbVec3f

/I 3D vector used to represent points or directions. Each component of
/I the vector is a floating-point number.

n

/I WARNI 111! Transcription of arrays of this class assume that the
n only data stored in this class are three consecutive values.

n Do not add any extra data members!!!

"

/I C-api: prefix=SbV3f

/I C-api.h: struct SbVee3f {
/I C-api.h;
// C-api.h: };

float vec[3];

/I C-api: end

class SbVec3f {
public:
// Default constructor
SbVec3f()

/I Constructor given an array of 3 components
SbVec3f(const float v[3])
{ vec[0] = v[0]; vec[1] = v[1]; vec[2] = V[2]; }

// Constructor given 3 individual components
SbVec3fi(float x, float y, float z)
{ vec[0] =

5 vee[1] =y; vec[2] =z; }

/I Constructor given 3 planes
SbVec3f(SbPlane &p0, SbPlane &p1, SbPlane &p2);

/I C-api: begin
// Returns right-handed cross product of vector and another vector
SbVec3f cross(const SbVec3f &v) const;

// C-api: end

// Returns dot (inner) product of vector and another vector

float dot(const SbVec3f &v) const;
J/ C-apih: #define SbV3fDot(_v0, _v1)
/I C-apih:  ((_v0).vec[0] * (_v1).vec[0] + (_vO).vec[1] * (_v1).vec[1] +
/I C-apih:  (_v0).vec[2] * (_v1).vec[2])

// Returns pointer to array of 3 components
const float *getValue() const

1/ C-api.h: #define SbV3fGetXYZ(_xyz, _src)
/I C-apih:  ((_xy2)[0] = (_sre).vec[0]), ((_xyz)[1] = (_src).vec[1]),
// C-api.h: ((xy2z)[2] = (_src).vec[2]))

// Returns 3 individual components

void getValue(float &x, float &y, float &z) const;
J/ C-apih: #define SbV3fGetX_Y_Z( X, _y, z,_src)
/I C-apih:  (((_x) = (_src).vec[0]), ((y) —(_src) vec[l]) ((L2z) = (_sre).vec[2]))

// Returns geometric length of vector

float length() const;
/I C-api.h: #define SbV3fLen(_v)
J/ C-apih:  (sqrtf(SbV3fDot((_v), (_v)))

// C-api: begin

// Changes vector to be unit length

// C-api: name=norm

float normalize();
// C-api: end

// Returns 3 individual components

void getValue(float &x, float &y, float &z) const;
J/ C-apih: #define SbV3fGetX_Y_Z( X, _y, z,_src)
/I C-apih:  (((_x) = (_src).vec[0]), ((Ly) —(_src) vec[l]) ((L2z) = (_sre).vec[2]))

// Returns geometric length of vector

float length() const;
/I C-api.h: #define SbV3fLen(_v)
J/ C-apih:  (sqrtf(SbV3fDot((_v), (_v)))

/I C-api: begin

// Changes vector to be unit length

// C-api: name=norm

float normalize();
// C-api: end

const float

Scientific Animation

*getValue() const
{ return vec; }

// C-api.h: #define SbV3fGetXYZ(_xyz, _src)
/I C-apl ((xy2)[0] = Csre).vee|0]), (_xy2)[1] = (_sre).vec[1]),
// C-api.h: ((Xy2)[2] = (_sre).vec[2]))

// Returns 3 individual components
Voil getValue(float &)., ﬂoat &v, float &z) const;
/I C-api.h: #define SbV3{GetX Y Z( x, ST
/I C-apih:  (((_x) = (_src).vec[0]), (U) (_src) \ec[l|), ((_2) = (_sre).vec[2]))

A Remrns geometric length of vector
floa englh() consl,

n C-apl h: #define SbV3fL

/I C-apih: (sqnf(swsmm((_v), (&)

/I C-api: begin
// Changes vector to be unit length
/I C-api: name=norm
float normalize();

/I C-api: end

" Negates each componenl ol vector in place

h: #define ihVSNegate(_ v)
: SbV3fMultBy(_v, -1.0)

value of vector from array of 3 wmpomms
31 & setValue(const float v[3]

vec[0] = v[0]; vec[l] = v[l], vec[2] = v[2]; return *this; }

¢
/I C-api.h: #deﬁne SbV3{SetXYZ(_dest, _src
1/ C-api (((_dest).vec|0] src)l!]l), ((_dest).vec[1] = (_sre)[1]),
n C-apl h:  ((_dest).vec[2] = (sre)[2]

// Sets value of vector from 3 individual components
SbVec3f & setValue(float x, float y, float z)
{ vee[0] = x; vec[l] = -y vec|2| =7; return *this; }
/I C-api.h: #define SbV3{SetX_Y L( dest,
// C-api (((_dest).vec[0] = (_x)), ((_dest) vec[l] (_))),
/I C-apith:  ((_dest).vec[2] = (_z)))

// Sets value of vector to be convex combination of 3 other
/I vectors, using barycentic coordinates
SbVec3f & setValue(const SbVec3f &barycentic,

const SbVec3f &v0, const

SbVec3f &v1, const SbVec3f &v2);

I/ Accesses indexed component of vector

float & operator [|(int i)
return (vec[i]); }

const float & operator [](int i) const

scalar ion and division operators
SbVec3f & operator *—(ﬂoat d);
i.h: #define SbV3fMultBy(_v, _s)
((Cv)-vee0] *= (_s)), (LV) vec[1] *= (Ls)), ((Lv)-vec|2] *= (_s)))

SbVec3f & operator /=(float d)
{ return *this *= (1.0 / d); }
11 C-: apl h: #define SbV3fDivBy(_v, _s)
/I C-apih:  ((Lv)-vec[0] /= (Ls)), (LV) vee[1] /= (), ((Lv)-veel2] /= (Ls))

// Component-wise vector addition and subtraction operators
SbVec3f & operator +=(SbVec3f v);
SbVec3f & operator -=(SbVec3f v);

// Nondestructive unary negation - returns a new vector
SbVec3f operator -() const;

// Component-wise binary scalar multiplication and division operators
friend SbVec3f operator *(const SbVec3f &v, float d);
friend SbVec3f operator *(float d, const SbVec3f &v)
{returnv * d;
friend SbVec3f operator /(const SbVec3f &v, float d)
{returnv* (1.0/d); }

/I Component-wise binary vector addition and subtraction operators
friend SbVec3f operator +(const SbVec3f &v1, const SbVec3f &v2);
// C-api.h: #define SbVSfAddeest _srel, _src2)
// C-ap (((_d [0] = (_srcI).vec[0] + (_src2).vec[0]),
/I C-ap ((Cdest).vec[1] = (Csrel).vec[1] + (Csre2).vec|1]),
I/ C- apl h:  (Cdest).vec[2] = (Csrel).vec[2] + (Csre2).vec|2]))

friend SbVec3f operator -(const SbVec3f &v1, const SbVec3f &v2);
_api.h: #define SbV3fSub(_dest, _srcl, _src2)
/I C-api (((_dest).vec[0] = (_srcT).vec[0] - (_src2).vec[0]),
1l C-: -api.h: ((_dest).vec[1] = (_srel).vec[1] - (_sre2).vee[1]),
/I C-api.h:  ((_dest).vec[2] = (_srel).vec|2] - (_src2).vec[2]))

// Vegates each component of vector in place

te();
" C apl h #define ShVSNegateLv
// C-api.h SbV3fMultBy(_v, -1.0)

// Sets value of vector from array of 3 components
SbVec3f & se(Value(cons( float v[3]

{ vec|0] = v[0];

/I C-api.h: #define SbV3{SetXYZ(_dest, _src)

{ return (vec[il); }

)
vec[1] = v[1]; vec|2] = v[2]; return *this; }

const float

*getValue() const
{ return vec; }
h: #define SbV3fGetXYZ(_xyz, _src)
- (Qyp)[0] = (sre).vee[0]), (xyz)[1] = (_src).vee[1]),
(Cxyz)[2] = Csre).vec[2]))

// Returns 3 individual components
getValue(float &x, float &y, float &z) const;
h:#deﬁne SbV3fGetX Y _Z( x, y, z,_src)

(20 = Csre).veel0D, (Cy)=Cst).veel 1), ((_2) = (_sre).vee[2]))

// Returns geometric length of vector

float ]ength() const;
api.h: #define SbV3fLen(_v)

(%qnﬂSbWﬂJOt(( V), (L))

// C-api: begin
// Changes vector to be unit length
// C-api: name=norm
float normalize();
// C-api: end

// Negates each componem of vector in place
void

gate();
// C-api.h: #define SbV}thgam( v)
// C-api.h: SbV3fMultBy(_v, -1.0)

/I Sets value of vector from array of 3 components
SbVec3f &  setValue(const float v[3])

{ vec[0] = v[0]; vec[1] = v[1]; vec[2] = V[2];

return *this; }

/I C-api.h: #deﬁne SbV3fSetXYZ(_dest, _src)

/I C-api.h:  (((_dest).vec[0] = (_src)[0]), ((_dest).vec[1] =
(sro)[1]),

/[ C-api.h:  ((_dest).vec[2] = (_src)[2]))

/I Sets value of vector from 3 individual components
SbVec3f &  setValue(float x, float y, float z)

{ vec[0] = x; vec[l] =y; vec[2] = z‘ return *this; }

/I C-api.h: #define SbV3fSetX Y_Z(_dest, _x, _y.

// C-api.h:  (((_dest).vec[0] = (X)), ((_dest).vec[l] = (_y)),

// C-ap ((Cdest).vec[2] = ((2)))

/I Sets value of vector to be convex combination of 3 other
// vectors, using barycentic coordinates
SbVec3f & setValue(const SbVec3f &barycentic,

const SbVec3f &v0, const

SbVec3f &v1, const SbVec3f &v2);

/I Accesses indexed component of vector
operator [|(int i)
{ return (vecli]); }
const float & operator [|(int i) const

// Component-wise scalar mulupllcanon and division operators
SbVec3f & operator *—(ﬂoal

// C-api.h: #define SbV3fMultBy( v, s

) Coamih N0 BT (Cohveel1] = (). ((v)veel2] *= ()

SbVec3f & operator /=(float d)
{ return *&hls *=(1.0/d); }
// C-api.h: #define SbV3fDivBy(_v.

J/ Capihi (((_v)veef0] /= (), (O \) vee[1]/= (Ls)), ((Lv)-vee[2] /= ()
// Component-wise vector addition and subuaclmn operators
SbVec3f & operator +=(SbVec3f
SbVec3f & operator -=(SbVec3fv);
// Nondestructive unary negation - returns a new vector
SbVec3f operator -() const;
// Comp se binary scalar ion and division operators

operator *(const SbVec3f &v, float d);
operator *(ﬂoai d, const SbVec3f &v)
{return v *

operator /(const SbVec3f &v, float d)

{return v * (1.0 / d); }

friend SbVec3f
friend SbVec3f

friend SbVec3f

// Component-wise binary vector addition and subtraction operators

friend SbVec3f operator +(const SbVec3f &v1, const SbVec3f &v2);

C-api.h: #define SbV?fAdd( dest, _srcl, _src2)
// C-api.h:  (((_dest).vec[0] = (_s src]) vcc[()] + (_src2).vec[0]),
// C-api ((_dest).vec[1] = (_srcl).vec[1] + (_src2).vec[1]),
/I C-api.h:  ((_dest).vec[2] = (_srcl).vec[2] + (_src2).vec[2]))

friend SbVec3f operator -(const SbVec3f &vl, const SbVec3f &v2);

&

/I C-api.h: #define SbV3fSub(_d

// C-api.h:  (((_dest).vec[0] =
/I C-ap ((_dest).vec[ cl).vec| )-vec|

/I C-api.h:  ((dest).vec[2] = (: sr(,l) vec[2] - ( src2). veL[Z]))

srcl, src2)
srcl). ve(,[O] ( scm) vec[0]),

// Negates each component of vector in place

oid te();
//C aplh #define SbVStNegate( v)
// C-api.h: SbV3fMultBy( v, -1.0)

// Sets value of vector from array of 3 components
SbVec3f & setValue(const float v[3]

vec[0] = v[0]; vec[1] :)V[l]; vec[2] = v[2]; return *this; }

{
// C-api.h: #define SbV3fSetXYZ(_dest, _src)

{ return (vecli]); }



Lecture Lite



PROS

v’ Storytelling
v Engages audience
v Essential for dynamics



Entertainment
Gimmick

v’ Storytelling 2
v Engages audience 2
v Essential for dynamics



RECIPE

1) establish scientific constraints

2) create multi-dimensional visualization

3) generate sequence of 2D images

4) playback at 24 fps or greater









» History & philosophy
* Methodologies



 History & philosophy
* Methodologies
 Examples



* Visual symbolism 50,000 bce/Australia



* Color graphics 30,000 bce/France



« Geographic Map 2300 bce/Babylon



« (Geometric abstraction 300 bce/Euclid
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« Geometry 300 bce/Euclid
* Time series 1000/astronomy
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« Geometry 300 bc/Euclid
* Time series 1000/astronomy
« Geographic metric 1100/China
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« Geometry 300 bce/Euclid
* Time series 1000/astronomy

« Geographic metric 1100/China
» 1D statistical 1644/Langren



T TET
AN/ ,h\ ¥
AR P \x\

v 5 \\._EM_____M\\\\‘\\
.HM 3/ \\x /

B M\\\Nﬁ%x\\x
.x...x\waxx..H,._x \AM“. d

o
&
™~




Geometry

Time series
Geographic metric
1D statistical
Thematic map

300 bce/Euclid
1000/astronomy
1100/China
1644/Langren
1686/Halley






* nD abstraction 1801/Playfair
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* Time & vision 1824/Roget




« Scientific photography 1872/Muybridge






 Animation 1906/Blackton
1950°s/MIT



* Animation 1906/Blackton
« Computer graphics 1950's/MIT



* Animation 1906/Blackton
« Computer graphics 1950's/MIT
« Computer animation 1960’s



Animation

Computer graphics
Computer animation
Rendering & modeling

1906/Blackton
1950°s/MIT
1960’s

1970’s



Animation

Computer graphics
Computer animation
Rendering & modeling
Animation applications

1906/Blackton
1950°s/MIT
1960’s

1970’s

1980’s



Philosophy




“Notions of space are rooted in our physiological organism.
Geometric concepts are the product of the idealization of
physical experiences of space. Systems of geometry, finally,
originate in the logical classification of the conceptual materials
SO obtained.

“Epistemological inquires regarding space and geometry
accordingly concern the physiologist, the psychologist, the
physicist, the mathematician, the philosopher, and
logician alike, and they can be gradually carried to their
definitive solution only by the consideration of the widely
disparate points of view ...”

Ernst Mach



* The mathematical discipline of geometry used as a
means to describe relations of physical experience.



« Knowledge is frequently equated to thoughtful
observation, although understanding and the sensation
of visualization are not equal.



Philosophical cornerstones

 The mathematical discipline of geometry used as a
means to describe relations of physical experience.

« Knowledge is frequently equated to thoughtful

nbservation althouah unde andina and the sensatior

« Data is a measurement described by a number.



Philosophical Issues




* Presenter versus audience



 Disinformation versus information



Philosophical Issues

e Presenter versus audience
 Disinformation versus information



» Complexity versus simplicity



 Example: Cholera Epidemic, 1854
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« Example: Challenger Launch, 1986
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History of O-Ring Damage In Field Joints (Cont)
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C-ring damage
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e Lies
e Damnable lies
o Statistics



e Lies
e Damnable lies
o Statistics

* Visualization
« Animation



Methodologies




Methodologies




Methodologies

Principles of computer graphics




Methodologies

Principles of computer graphics
Principles of scientific visualization




Methodologies

Principles of computer graphics
Principles of scientific visualization
General design guidelines




Methodologies

Principles of computer graphics
Principles of scientific visualization
General design guidelines

Tufte’s view of graphical excellence




Methodologies

Principles of computer graphics
Principles of scientific visualization
General design guidelines

Tufte’s view of graphical excellence
Kellers’ effective visualization




Methodologies

Principles of computer graphics
Principles of scientific visualization
General design guidelines

Tufte’s view of graphical excellence
Kellers’ effective visualization
Storytelling with animation




» Graphics, a subset of computing




« Space, Camera, & Coordinates




« Space: pixels, polygons, or volumes




* Color space: RGB, HSV,CYMK




« Color model: diffuse, specular, ambient, emissive
* Transparency



« 2D image formats: RGB, RGBA



« Paper & Film






Principles of scientific




Principles of scientific

« EXxploration, Analysis, Presentation




Principles of scientific

« EXxploration, Analysis, Presentation
« Determine format of data




Principles of scientific

« EXxploration, Analysis, Presentation
 Determine format of data
 Determine size of data




Principles of scientific

Exploration, Analysis, Presentation
Determine format of data

Determine size of data

« Determine computational capabilities




Principles of scientific

« EXxploration, Analysis, Presentation
 Determine format of data
 Determine size of data

Viewing the data and metrics




Principles of scientific

« EXxploration, Analysis, Presentation
 Determine format of data
 Determine size of data

Dissecting the data using the metrics




Principles of scientific

« EXxploration, Analysis, Presentation

« Determine format of data

« Determine size of data

« Determine computational capabilities
« Determine appropriate metrics

Annotating the data and metrics




« Determining the correct quantity of information




« Broader audiences require less complexity




« Broader audiences require less complexity



« Broader audiences require less complexity

« Specialized audiences can absorb greater
complexity.



« Broader audiences require less complexity

« Specialized audiences can absorb greater
complexity.

« Seven elements, plus or minus two; per image.



Tufte’s view of graphical
excellence




Tufte’s view of graphical
excellence

« Show the data




Tufte’s view of graphical
excellence

« Show the data
* |nduce the viewer to observe substance




Tufte’s view of graphical
excellence

« Show the data
* Induce the viewer to observe substance
 Avoid distortion




Tufte’s view of graphical
excellence

 Show the data

* Induce the viewer to observe substance
* Avoid distortion

* Present many number in a small space




Tufte’s view of graphical
excellence

« Show the data

* Induce the viewer to observe substance
* Avoid distortion

* Present many number in a small space

Encourage viewer to make comparisons




Tufte’s view of graphical
excellence

« Show the data

* Induce the viewer to observe substance
* Avoid distortion

* Present many number in a small space

Reveal the data at several levels of detail




Tufte’s view of graphical
excellence

 Show the data

* Induce the viewer to observe substance
* Avoid distortion

* Present many number in a small space

Serve a clear purpose




Tufte’s view of graphical
excellence

 Show the data

* Induce the viewer to observe substance
* Avoid distortion

* Present many number in a small space

Closely integrated with statistical & verbal
descriptions




* |dentify the visualization goal
e Remove mental road blocks




Storytelling with animation




Storytelling with animation
Hollywood model

* Production designer: creates the stage
« Cinematographer: visually captures the goal




Storytelling with animation

« Hollywood model




Storytelling with animation

« Hollywood model
« Defining the production goal




Storytelling with animation

« Hollywood model
« Defining the production goal
 Managing the assembly




Storytelling with animation

« Hollywood model

Defining the production goal
Managing the assembly
Storyboards




Storytelling with animation

« Hollywood model

« Defining the production goal
 Managing the assembly

« Storyboards

Directing the eye of the camera




Storytelling with animation

« Hollywood model

« Defining the production goal
 Managing the assembly

« Storyboards

Reflection & re-invention




« Defining your requirements




« Storage media



 NCMI:. Computers, graphics & openGL







« NCMI: Iris Explorer scientific visualization s/w



« NCMI: Iris Explorer scientific visualization s/w
« NCMI: Amira scientific visualization s/w



« Reading the data




« Creating geometry










* Coloring of geometry
* Creating transformations



« Coloring of geometry
* Creating transformations
* Manipulating the camera



Examples

» Electron microscopy
» X-ray crystallography




 Collaborator: H. Zhou/UT Houston
» Subject: Rice Dwarf Virus@8A

 Comment: examination of helices and
protein interactions. Creating several

levels of detalil.




» Subject: BTV & actin protein folding

 Comment: examination of sequence
using PDB data. Generation of
simulated electron density.




» Collaborator: |I. Serysheva/BCM
» Subject: Calcium Release Channel
 Comment: modeling of functional

dynamics.




 Collaborator: M. Sherman/Purdue

* Subject: LDL

 Comment: use of an ellipsoid metric
to dissect the data.




* Collaborator: F. Quiocho/BCM
* Subject: ADSS binding sites

 Comment: examination of
conformational changes.




» Collaborator: E. Orlova/Birbeck College

* Subject: SPP1
 Comment: comparison of homologous

structures.




e Collaborator: W. Chiu/BCM
* Subject: HSV

« Comment: examination of DNA core
using a geometric model.




 Collaborator: W. Chiu/BCM

* Subject: HSV

 Comment: dissection of triplex into
constituent proteins. Examination of
slices.




 Collaborator: M. Baker & B.

* Subject: examination of HSV VP5

 Comment: portions determined by Xx-
ray are compared to EM data.
Electrostatic data is applied.




E. Tufte, Visual Explanations, Graphics Press, 1997
P. & M. Keller, Visual Cues, IEEE Press, 1992
J. Vince, 3D Computer Animation, Addison-Wesley, 1992

E. Tufte, The Visual Display of Quantitative Information,
Graphics Press, 1983

Issac Kerlow, The Art of 3D Computer Animation and
Imaging, Van Norstrand Reinhold, 1996

S. Katz, Film Directing Shot by Shot, Michael Wiese
Productions, 1991

For further information contact me at
matthewd@BCM.TMC.EDU
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