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Foreword

I am really excited to be able to write a foreword to Frank Nielsen’s new book Visual
Computing: Geometry, Graphics, and Vision. The fusion of computer graphics,
computer vision, computational geometry, and discrete algorithms that this book
presents is truly unique and, in afterthought, so obvious. Geometry, graphics, and
vision all deal in some form with the shape of objects, their motions, as well as the
transport of light and its interaction with objects—yet historically they have been
covered by separate courses in curricula, grown around a distinct set of conferences,
and cultivated separate communities. This book clearly shows how much they have
in common and the kinds of synergies that occur when a common core of material is
presented in a way that both serves and is enriched by all three disciplines.

Take coordinates and coordinate transforms as a simple example. Everyone
needs the common math: homogeneous coordinates, matrix representations for
transformations, quaternion representations for 3D rotations, parametrizations for
other flats such as lines in 3-space, and so on. In a graphics course, transform
hierarchies in modeling, or clipping and projection transforms for viewing may get
more attention. In computer vision, epipolar geometry and the relations among
multiple projections may get special treatment. In computational geometry, Plücker
coordinates for lines in 3D may be studied to prepare for problems in stabbing and
visibility. Yet every one of these topics can be very useful in each of the three
disciplines: image-based rendering needs the math of multiview geometry, indexing
lightfields requires the geometry of lines in space, and clipping is an essential geometric
computation problem. The Visual Computing book manages to cover all three points
of view in a coherent yet concise way, to the benefit of all sides.

I have taught an algorithms course for over a decade now and topics like dictionaries
and priority queues are its bread-and-butter. It was truly refreshing to see these same
topics introduced early in this book, but with novel effective examples all motivated
by visual computing. The same happens later on with randomization, a topic that
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has been seriously studied across all these communities, but with different emphases.
This text truly establishes bridges where they will make the most impact: early on in
a student’s education. I can see this book being used for a separate integrated course
of its own, or as a supplement to existing courses and other texts covering algorithms,
computational geometry, computer graphics, or computer vision—thus providing a
fruitful common ground between what are currently separate offerings.

The book can also benefit graduate students and researchers across all parts of
computer science that deal with modeling or interacting with the physical world. The
material is methodically organized, the exposition is rigorous yet well-motivated with
plenty of instructive examples. Major techniques and algorithms are given in actual
C++ code, and these programs and additional materials are available on a companion
Web site. Additional references to the literature are given at the end of each chapter.

Leonidas J. Guibas
Professor of Geometric Computing
Computer Science Department
Stanford University

May 2005
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Notational Conventions

The following is a brief review of the mathematical notations used throughout the
book.

Scalar Numbers & Ranges:
a, α, λ, ux Scalar values (e.g., 3, e, π,)
θ, φ Angular values (e.g., π

2 , 120 deg)
vx, vy, vz or v1, v2, v3 Coordinates of 3D vector v
m1,1, ..., mi,j , ..., mn,m Coefficients of matrix M = [mi,j ]n,m

(x1, ..., xk) A k-tuple (for k = 2, a pair; for k = 3, a triple)
[a, b] Closed real interval {x | a ≤ x ≤ b}
(a, b) Open real interval {x | a < x < b} (e.g., (−∞,∞))
[[n]] Integer set {0, 1, ..., n}
[[n]]∗ Integer set [[n]]\{0} = {1, ..., n}
((a, b]], [[a, b)) Integer set closed at one end and open at the other:

((a, b]] = {a + 1, ..., b}, [[a, b)) = {a, ..., b− 1}

Vectors:−−→
OP Coordinate-free vector defined by points O and P
v Vector notation in some given coordinate system
vT Transpose vector
||v|| Magnitude of vector v (L2 norm)
d2(p,q) Distance between p and q, length ||pq||
e1, ..., ed Unit vector basis of a d-dimensional vector space

(or eigenvectors)
p =

[
px py

]T 2D Inhomogeneous vector
p =

[
px py pw

]T 2D Homogeneous vector, often obtained by appending
to p the w-coordinate set to 1 (p = [p 1]T ),
except for ideal points (w = 0)

s =
[

sx sy sz

]T 3D Inhomogeneous vector (“s” for space)
s 3D Homogeneous vector, often obtained by
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appending to s the w-coordinate set to 1 (s = [s 1]T ),
except for ideal points (w = 0)

v⊥ Arbitrary perpendicular vector to v of same magnitude
v1 · v2 Dot or inner product.

(equivalent to vector multiplication vT
1 v2 = vT

2 v1;
v1 · v2 = ||v1|| ||v2|| cos θ, where θ is the angle made by
vectors v1 and v2)

v1 × v2 Cross product: ||v1 × v2|| = ||v1|| ||v2|| sin θ

Arrays & Matrices:
S, I 1D or 2D array of elements

S[k]: the kth element of S
I[x, y]: the pixel of (x, y) coordinates
(or I[y, x] depending on the indexing context)

M Matrix or image notation
M[y, x] Matrix coefficient at yth row and xth column

M[y, x] = my,x

MT Transpose matrix
I, Id Identity (d× d) square matrix
detM = |M| Determinant of matrix M (zero if singular)
[u]× = M Skew antisymmetric matrix (MT = −M) defined as follows:

[u]× =

⎡
⎣ 0 −uz uy

uz 0 −ux

−uy ux 0

⎤
⎦ and u× v = [u]× × v

rank(M) Rank of matrix M
trace(M) Trace of matrix M (sum of its diagonal elements:

∑
i mii)

adj(M) Adjoint of matrix M (elements are signed cofactors)
R,P,T Inhomogeneous matrices
R,P,T Homogeneous matrices

Quaternions:
q̂ Quaternion q̂ = [s v]T (unit quaternion q̂ = cos θ + u sin θ)
¯̂q Quaternion conjugate ¯̂q = [s − v]T

q̂1q̂2 Quaternion multiplication:
q̂1q̂2 = [s1s2 − u1u2 u1 × u2 + s1v2 + s2v1]T

||q̂|| Quaternion norm
√

q̂¯̂q =
√

s2 + ||u||2
q̂−1 Quaternion inverse

¯̂q
||q̂||

q̂λ Quaternion power: q̂λ = (exp(θu))λ = cos λθ + (sin λθ)u
log q̂ Quaternion logarithm: log q̂ = log exp(θu) = θu
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Space:
R2, R3, Rd 2D, 3D, and dD Euclidean spaces
P2, P3, Pd 2D, 3D, and dD projective spaces
SO3 Space of 3D rotations
C2 Space of complex numbers (C2 = {a + ib | (a, b) ∈ R2})
Q Set of quaternions

(Q = {a + bi + cj + dk | (a, b, c, d) ∈ R4})
A Affine space

Functions & Partial Derivative Operators:
n! Factorial n! = 1× 2× ...× n(
n
k

)
Binomial coefficient n!

k!(n−k)!

| · | Absolute value
�a� Floor of a (e.g., �2.312� = 2)
�a� Ceiling of a (e.g., �2.312� = 3)
sign(a) Sign of a (e.g., sign(−3) = −1, sign(5) = 1, sign(0) = 0)

Dirac function δ(x, y) =
{

1 if and only if x = 0 and y = 0,
0 otherwise.

(Krönecker symbol)

f(x1, x2, ..., xk) Function f of k variables x1, ..., xk

Gradient ∇f ∇f =
[

∂f
∂x1

. . . ∂f
∂xd

]T

Laplacian Δf Δf = ∂2f
∂x2

1
+ · · ·+ ∂2f

∂x2
d

Jacobian Jf f : Rd → Rn, J =

⎡
⎢⎣

∂f1

∂x1
· · · ∂f1

∂xd
...

. . .
...

∂fn

∂x1
· · · ∂fn

∂xd

⎤
⎥⎦

Hessian Hf f : Rd → Rd, H =

⎡
⎢⎢⎣

∂2f
∂x2

1
· · · ∂2f

∂x1∂xd

...
. . .

...
∂2f

∂xd∂x1
· · · ∂2f

∂x2
d

⎤
⎥⎥⎦

(Hf = J∇f)
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Geometric entities:

P Point P
S Line segment S
O Object O
H Plane H
H : nT v = 0 Plane H defined by homogeneous equation:

n1v1 + n2v2 + n3v3 + n4v4 = 0
Ball(B, r) Ball of circumcenter B and radius r
�PQR Triangle with vertices P , Q, and R
S = {S1, ..., Sn} Set of objects
aff(S)/conv(S) Affine/convex space defined by set S

Probabilities, Statistics, and Inequalites:
Pr[Event] Probability of event Event
Ŝ Random variable
E(Ŝ) Expectation of random variable Ŝ

Var(Ŝ) Variance of random variable Ŝ

σ(Ŝ) Standard deviation of random variable Ŝ

(σ(Ŝ) =
√

Var(Ŝ))
X̂E = I(E) Indicator random variable of event E

Pr[Ŝ ≥ c] ≤ E(Ŝ)
c Markov inequality

(non-negative discrete random variable)

Data Structures:
Q Data structure Q (e.g., a queue)
S.procedure() Call function procedure without argument on S
S.procedure(P) Call function procedure with argument P on S
P← ∅ Initialize an empty data structure P

Asymptotic Complexity:
O(f) Upper bound
Ω(f) Lower bound
Θ(f) Optimal bound
o(f) Nonasymptotically tight upper bound
Õ(f) Expected running time of randomized algorithms
Ō() Average running time of deterministic algorithms
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Radiometric Quantities and Units:

Radiance W
sr.m2 Watt per steradian per meter square

Luminance cd
m2 Candela per meter square

Irradiance W
m Watt per meter

Illuminance lx Lux

In this book, we either present algorithms in C++-style language or at a higher-
level pseudocode abstraction style. The argmin and argmax notations are often used
in those algorithms. In practice, in a C++-style, we often compute both the min
and argmin, or max and argmax. Let us consider a d-dimensional vector v. We
mathematically write the maximum of its coordinate as m = maxd

i=1 vi. The maximum
coordinate is obtained from the kth principal axis, with k = argmaxd

i=1vi. Thus, we
have the following max/argmax relationship: vargmax = max.

Here is the C++ code for performing those max and argmax operations:

1 class vec to r { public :
2 int d ; double �x ;
3 // create a random vector

4 vec to r ( int dim) { d=dim ; x=new double [ d ] ;
5 for ( int i =0; i<d ; i++)
6 {x [ i ]=rand ( ) /(double )RANDMAX;}
7 }
8
9 // delete a vector ~vector() {delete [] x;}

10 // maximum coordinate value

11 double max( ) { double value=x [ 0 ] ;
12 for ( int i =1; i<d ; i++)
13 i f ( x [ i ]>value ) va lue=x [ i ] ;
14 return value ; }
15
16 // coordinate axis that has

17 // maximum value

18 int argmax ( ) { int ax i s =0;
19 for ( int i =1; i<d ; i++)
20 i f ( x [ i ]>x [ ax i s ] ) ax i s=i ;
21 return ax i s ; }
22 } ;
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This book has been typeset using LATEX system on Microsoft� Windows� operating
system. A special LATEX class has been written to fit the typesetting rules of
Charles River Media. Most of the figures have been prepared with the Ipe
extensible drawing editor environment of Professor Otfried Cheong (available online at
http:// ipe.compgeom.org/ ). The book project has been managed using the excellent
TeXnicCenter tool (http://www.toolscenter.org/ ) that provides a visual integrated
environment for editing and compiling a full LATEX book project made of many LATEX
files. I used XnView image browsing software (http://www.xnview.com/ ) to capture
screenshots and extract frames from movies. XnView was also instrumental for the
various image conversions I needed (bmp, png, eps, etc.). The Internet was a much
appreciable resource for finding related materials and references. I can hardly imagine
how I could have typeset this book without this Web information. I used the ACM
(http:// portal.acm.org/ ) and IEEE (http://www.computer.org/ publications/ dlib/ )
digital libraries for retrieving original papers, and sometimes their BibTeX labels.
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The cover page image was created by compositing images of a photogrammetric set
of a 3D reconstruction of the Vatican library (no religious meaning):

3D Mesh Textured Mesh Photograph

Cover page illustration (composite):

Those images are courtesy of � Stéphane Nullans (France). Used with permission.

There is quite a lot of famous data in visual computing that is constantly used as a
test bed for evaluating and comparing algorithms. We succinctly present the hall of
fame on the next page.
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Hall Of Fame

The 512 × 512 24-bit lena picture and narrative story on
how it became a de facto test image in the image processing
and computer vision communities can be read online at
http://www.lenna.org
Warning: the full picture contains nudity.

The Utah 3D teapot has traditionally been used in
computer graphics. There is even a function named
glutWireTeapot in the glut API to draw it. The Utah
teapot history, including the descriptions of the original one
that differs from the glut version, is summarized online, at
http:// sjbaker.org/ teapot/ .

The 3D bunny model of the computer graphics
laboratory of Stanford’s university is often used
for testing mesh algorithms. The 69,451-triangle
bunny was acquired from a real-world model in 1993.
The bunny history can be enjoyed online at either
http:// graphics.stanford.edu/ data/ 3Dscanrep/ , or
http://www.gvu.gatech.edu/ people/ faculty/ greg.turk/
bunny/ bunny.html .

The Cornell box is a traditional data set used for computing
radiosity or simulating global illumination algorithms
in computer graphics. The Cornell box history, data
set, and experiments (including comparisons with the
measured real-word box) are further described online at
http://www.graphics.cornell.edu/ online/ box/ . PovRay
(http:// povray.org) provides a script file cornell.pov to
render your own radiosity box image.
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Main Conferences and Publications in Visual Computing:
(List is nonexhaustive)

Main conferences:
• Annual Conf. Comp. Graphics and Interactive Techniques, ACM SIGGRAPH
• Annual Conference on Human Factors in Computing Systems, ACM CHI
• Biannual Symposium on Interactive 3D Graphics and Games, ACM I3D
• Annual Conference on Vision and Pattern Recognition, IEEE CVPR
• Annual International Conference on Computer Vision, IEEE ICCV
• Biannual European Conference on Computer Vision, IEEE ECCV
• Biannual Conference on Pattern Recognition, IAPR ICPR
• Annual Computer Graphics International, CGS CGI
• Annual Eurographics, European Association for Computer Graphics
• Annual International Conference on 3D Web Technology, ACM WEB3D
• Annual Conference on Point-Based Graphics, IEEE/Eurographics
• Annual Symposium on Geometry Processing, Eurographics SGP
• Annual Canadian Conference on Graphics Interface, GI
• Annual Symposium on Computational Geometry, ACM SoCG
• Annual Symposium on Solid and Physical Modeling, ACM SPM
• Annual Symposium on Information Visualization, IEEE IV
• Annual Canadian Conference on Computational Geometry, CCCG
• Annual Conference on Smart Graphics, SG
• Annual Game Developers Conference, GDC
• Annual Pacific Conference on Computer Graphics and Applications, PG
• Annual Conference on Voronoi Diagrams in Science and Engineering, VD

Main journal publications:
• Transactions on Computer Graphics, ACM TOG
• Transactions on Pattern Analysis and Machine Intelligence, IEEE TPAMI
• Transactions on Visualization and Computer Graphics, IEEE TVCG
• Discrete & Computational Geometry, Springer-Verlag DCG
• The Visual Computer, Springer-Verlag VCJ
• Computational Geometry: Theory and Its Applications, Elsevier CGTA
• Transactions on Applied Perception, ACM TAP
• Graphical Models and Image Processing, Elsevier GMIP
• Computer Graphics and Applications, IEEE CGA
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Major tradeshows:
• Annual International Conference on Computer Graphics and Interactive Techniques,
SIGGRAPH
• Annual Electronic Entertainment Expo, E3
• Annual Game Development Conference, GDC
• Annual National Association of Broadcasters, NAB
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[114] Fischer K and Gärtner B (2003) The Smallest Enclosing Ball of Balls:
Combinatorial Structure and Algorithms. In Proc. 19th Comp. Geom. (SoCG),
pp. 292–301. ACM Press. ISBN 1-58113-663-3. DOI:10.1145/ 777792.777836
URL http://www.ti.inf.ethz.ch/ ew/ courses/ApproxGeom05/ paper/ fischer gaertner
03.pdf

[115] Fischler MA and Bolles RC (1981) Random Sample Consensus: A Paradigm
for Model Fitting with Applications to Image Analysis and Automated
Cartography. Commun ACM (CACM) 24(6), 381–395. ISSN 0001-0782. DOI:
10.1145/ 358669.358692
URL http://www.ai.sri.com/ people/ fischler/

[116] Fishkin KP and Barsky BA (1984) A Family of New Algorithms for Soft Filling.
In Proc. 11th Comp. Graph. (SIGGRAPH), pp. 235–244. ACM Press. ISBN 0-89791-
138-5. DOI:10.1145/ 964965.808604
URL http:// seattleweb.intel-research.net/ people/ fishkin/ index.html

[117] Floater MS (1997) Parametrization and Smooth Approximation of Surface
Triangulations. Comput Aided Geom Des (CAGD) 14(3), 231–250. ISSN 0167-8396.
DOI:10.1016/ S0167-8396( 96)00031-3
URL http:// heim.ifi.uio.no/∼michaelf/ papers/ papers.html

[118] Floater MS and Hormann K (2005) Surface Parameterization: A Tutorial and
Survey. In NA Dodgson, MS Floater and MA Sabin (Eds.), Advances in Multiresolution
for Geometric Modelling, Mathematics and Visualization, pp. 157–186. Springer, Berlin,
Heidelberg
URL http:// heim.ifi.uio.no/∼michaelf/ papers/ surfparam.pdf

[119] Foley JD, van Dam A, Feiner SK and Hughes JF (1996) Computer Graphics:
Principles and Practice. Addison-Wesley Longman Publishing Co., Inc. ISBN 0-
201-84840-6
URL http://www.cc.gatech.edu/ fac/ Jim.Foley/ foley.html

[120] Fontijne D and Dorst L (2003) Modeling 3D Euclidean Geometry. IEEE Comput
Graph Appl 23(2), 68–78. ISSN 0272-1716. DOI:10.1109/MCG.2003.1185582
URL http:// staff.science.uva.nl/∼leo/ clifford/CGA3.pdf



�

�

“vcbook” — 2005/6/13 — 13:02 — page 526 — #542
�

�

�

�

�

�

526 Visual Computing: Geometry, Graphics, and Vision

[121] Ford WH and Topp WR (2001) Data Structures with C++ Using STL. Prentice
Hall PTR. ISBN 0130858501
URL http:// bailey.cs.uop.edu/ fordtopp/ datastruct.html

[122] Forsyth DA and Ponce J (2002) Computer Vision: A Modern Approach. Prentice-
Hall. ISBN 0130851981
URL http://www.cs.berkeley.edu/∼daf/ book.html

[123] Fortune S and Wyk CJV (1996) Static Analysis Yields Efficient Exact Integer
Arithmetic for Computational Geometry. ACM Trans Graph (TOG) 15(3), 223–
248. ISSN 0730-0301. DOI:10.1145/ 231731.231735
URL http:// cm.bell-labs.com/who/ sjf/

[124] Fredman M and Saks M (1989) The Cell Probe Complexity of Dynamic Data
Structures. In Proc. 21st Sympos. Theory of Computing (STOC), pp. 345–354. ACM
Press. ISBN 0-89791-307-8. DOI:10.1145/ 73007.73040
URL http://www.dcis.rutgers.edu/ cs/ people/

[125] Frigo M, Leiserson CE, Prokop H and Ramachandran S (1999) Cache-oblivious
Algorithms. In Proc. 40th Proc. 45th Foundations of Computer Science (FOCS), p.
285. IEEE Computer Society. ISBN 0-7695-0409-4
URL http://www.fftw.org/∼athena/ papers.html

[126] Fuchs H, Kedem ZM and Naylor B (1979) Predetermining Visibility Priority in
3D Scenes. In Proc. 6th Comp. Graph. (SIGGRAPH), pp. 175–181. ACM Press. ISBN
0-89791-004-4
URL http://www.cs.unc.edu/∼fuchs/ publications/PreDetermVis(PrelimRep)79.pdf

[127] Fuchs H, Kedem ZM and Naylor BF (1980) On Visible Surface Generation by
a Priori Tree Structures. In Proc. 7th Comp. Graph. (SIGGRAPH), pp. 124–133.
ACM Press. ISBN 0-89791-021-4
URL http://www.cs.unc.edu/∼fuchs/ publications/

[128] Funge JD (2004) Artificial Intelligence for Computer Games: An Introduction.
AK Peters, Boston. ISBN 1568812086
URL http://www.dgp.toronto.edu/∼funge/ ai4games/

[129] Gabow HN and Tarjan RE (1983) A Linear-time Algorithm for a Special Case
of Disjoint Set Union. In Proc. 15th Sympos. Theory of Computing (STOC), pp.
246–251. ACM Press. ISBN 0-89791-099-0
URL http://www.cs.colorado.edu/∼hal/

[130] Gamma E, Helm R, Johnson R and Vlissides J (1995) Design Patterns: Elements
of Reusable Object-oriented Software. Addison-Wesley

[131] Garland M and Heckbert PS (1997) Surface Simplification Using Quadric
Error Metrics. In Proc. 24th Comp. Graph. (SIGGRAPH), pp. 209–216. ACM
Press/Addison-Wesley Publishing Co. ISBN 0-89791-896-7. DOI:10.1145/ 258734.
258849
URL http:// graphics.cs.uiuc.edu/∼garland/ research/ quadrics.html



�

�

“vcbook” — 2005/6/13 — 13:02 — page 527 — #543
�

�

�

�

�

�

Bibliography 527

[132] Garland M and Heckbert PS (1998) Simplifying Surfaces with Color and Texture
Using Quadric Error Metrics. In Proc. Conf. Visualization (VIS), pp. 263–269.
ISBN 1-58113-106-2
URL http:// graphics.cs.uiuc.edu/∼garland/ research/ quadrics.html
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URL http://www.icsi.berkeley.edu/ techreports/ 1992.abstracts/ tr-92-014.html

[293] Seidel R and Aragon CR (1996) Randomized Search Trees. Algorithmica 16(4/5),
464–497
URL http://www.sims.berkeley.edu/∼aragon/ pubs/ rst89.pdf



�

�

“vcbook” — 2005/6/13 — 13:02 — page 541 — #557
�

�

�

�

�

�

Bibliography 541

[294] Seitz S (1997). Bringing Photographs to Life with View Morphing. Proc. Imagina
URL http://www.ri.cmu.edu/ pubs/ pub 2846.html

[295] Seitz SM and Dyer CR (1996) View Morphing. In Proc. 23rd Comp. Graph.
(SIGGRAPH), pp. 21–30. ACM Press. ISBN 0-89791-746-4. DOI:10.1145/ 237170.
237196
URL http://www.cs.washington.edu/ homes/ seitz/ vmorph/ vmorph.htm

[296] Seitz SM and Kim J (2002) The Space of All Stereo Images. Int J Comput Vision
(IJCV) 48(1), 21–38. ISSN 0920-5691. DOI:10.1023/A:1014851111084
URL http:// grail.cs.washington.edu/ projects/ stereo/

[297] Shade J, Gortler S, wei He L and Szeliski R (1998) Layered Depth Images. In
Proc. 25th Comp. Graph. (SIGGRAPH), pp. 231–242. ACM Press. ISBN 0-89791-999-
8. DOI:10.1145/ 280814.280882
URL http:// grail.cs.washington.edu/ projects/ ldi/

[298] Shafae M and Pajarola R (2003) DSTRIPS: Dynamic Triangle Strips for Real-
time Mesh Simplification and Rendering. In J Rokne, W Wang and R Klein
(Eds.), Proc. Pacific Graphics (PG), pp. 271–280. IEEE Press
URL http://www.ics.uci.edu/∼pajarola/ pub/DStrips.pdf

[299] Shamos MI and Hoey D (1975) Closest-point Problems. In Proc. 16th Foundations
of Computer Science (FOCS), pp. 151–162
URL http:// euro.ecom.cmu.edu/ people/ faculty/mshamos/ index.shtml

[300] Shamos MI and Hoey D (1976) Geometric Intersection Problems. In Proc. 17th
Foundations of Computer Science (FOCS), pp. 208–215
URL http:// euro.ecom.cmu.edu/ people/ faculty/mshamos/ index.shtml

[301] Shannon CE (1948) A Mathematical Theory of Communication. The Bell System
technical journal 27, 379–423
URL http:// cm.bell-labs.com/ cm/ms/what/ shannonday/ paper.html

[302] Sharir M and Agarwal PK (1996) Davenport-Schinzel Sequences and Their
Geometric Applications. Cambridge University Press. ISBN 0-521-47025-0
URL http://www.math.tau.ac.il/∼michas/

[303] Shewchuk JR (1997) Adaptive Precision Floating-point Arithmetic and Fast
Robust Geometric Predicates. Discrete & Computational Geometry (DCG) 18(3),
305–368
URL http://www-2.cs.cmu.edu/∼quake/ robust.html

[304] Shi J and Tomasi C (1994) Good Features to Track. In Conference on Computer
Vision and Pattern Recognition (CVPR). IEEE CS Press
URL http://www.ri.cmu.edu/ pubs/ pub 3266.html

[305] Shoemake K (1985) Animating Rotation with Quaternion Curves. In Proc. 12th
Comp. Graph. (SIGGRAPH), pp. 245–254. ACM Press. ISBN 0-89791-166-0. DOI:
10.1145/ 325334.325242
URL shoemake@graphics.cis.upenn.edu



�

�

“vcbook” — 2005/6/13 — 13:02 — page 542 — #558
�

�

�

�

�

�

542 Visual Computing: Geometry, Graphics, and Vision

[306] Shoemake K (1987) Quaternion Calculus and Fast Animation. In Course notes
#10, ACM SIGGRAPH

[307] Shoemake K (1992) ARCBALL: A User Interface for Specifying Three-
dimensional Orientation Using a Mouse. In Proc. 21st Comp. Graph.
(SIGGRAPH), pp. 151–156. Morgan Kaufmann. ISBN 0-9695338-1-0
URL shoemake@graphics.cis.upenn.edu

[308] Shoemake K (1994) Arcball Rotation Control. pp. 175–192. Academic Press. ISBN
0-12-336155-9
URL http://www.acm.org/ pubs/ tog/GraphicsGems/ gemsiv/ arcball/

[309] Siek J, Lee LQ and Lumsdaine A (2002) The Boost Graph Library: User Guide
and Reference Manual. Addison-Wesley. ISBN 0-201-72914-8
URL http://www.boost.org/

[310] Silvela J and Portillo J (2001) Breadth-first Search and its Application to Image
Processing Problems. IEEE Trans Im Proc 10(8), 1194–1199
URL http:// silvela.org/ jaime/BFSpaper.pdf

[311] Simoncelli EP and Freeman WT (1995) The Steerable Pyramid: A Flexible
Architecture for Multiscale Derivative Computation. In Proc. Image Processing
(ICIP), volume 3, p. 3444. IEEE Computer Society. ISBN 0-8186-7310-9
URL http://www.cns.nyu.edu/∼eero/ steerpyr/

[312] Singh K (2002) A Fresh Perspective. In Proc. Graphics Interface (GI), pp. 17–24
URL http://www.graphicsinterface.org/

[313] Skiena S (1991) Implementing Discrete Mathematics: Combinatorics and
Graph Theory with Mathematica�. Addison-Wesley. ISBN 0-201-50943-1
URL http://www.cs.sunysb.edu/∼skiena/

[314] Smith AR (1979) Tint Fill. In Proc. 6th Comp. Graph. (SIGGRAPH), pp. 276–283.
ACM Press. ISBN 0-89791-004-4
URL http:// alvyray.com/

[315] Smith AR (2001) Digital Paint Systems: An Anecdotal and Historical
Overview. IEEE Annals of the History of Computing 23(02), 4–30
URL http:// alvyray.com/

[316] Stewart CV (1999) Robust Parameter Estimation in Computer Vision. SIAM
Rev 41(3), 513–537. ISSN 0036-1445

[317] Stewart D (1966) A Platform with Six Degrees of Freedom. In Proceedings of
The Institution of Mechanical Engineer, volume 180 Part 1, pp. 371–386. Institution
of Mechanical Engineers, UK, The Institution of Mechanical Engineers, UK, IMechE
Headquarters, London, England

[318] Stolfi J (1991) Oriented Projective Geometry. Academic Press. ISBN 0-12-672025-
8
URL http://www.dcc.unicamp.br/∼stolfi/



�

�

“vcbook” — 2005/6/13 — 13:02 — page 543 — #559
�

�

�

�

�

�

Bibliography 543

[319] Stroustrup B (1997) The C++ Programming Language. Addison-Wesley, 3rd
edition. ISBN 0201889544
URL http://www.research.att.com/∼bs/C++.html

[320] Su P and Drysdale RLS (1997) A Comparison of Sequential Delaunay
Triangulation Algorithms. Comput Geom Theory Appl (CGTA) 7(5-6), 361–385.
ISSN 0925-7721. DOI:10.1016/ S0925-7721( 96)00025-9
URL http://www.cs.dartmouth.edu/∼scot/

[321] Sugihara K and Iri M (1992) Construction of the Voronoi Diagram for ‘One
Million’ Generators in Single-precision Arithmetic. Proc IEEE 80(9), 1471–
1484
URL http://www.simplex.t.u-tokyo.ac.jp/∼sugihara/

[322] Sun J, Jia J, Tang CK and Shum HY (2004) Poisson Matting. Proc 31st Comp Graph
(SIGGRAPH) 23(3), 315–321. ISSN 0730-0301. DOI:10.1145/ 1015706.1015721
URL http://www.cse.cuhk.edu.hk/∼leojia/ all final papers/matting siggraph04.pdf

[323] Swaminathan R, Grossberg MD and Nayar SK (2003) A Perspective on Distortions.
In Proc. Computer Vision and Pattern Recognition (CVPR), pp. 594–601. IEEE CS
Press
URL http://www1.cs.columbia.edu/CAVE/publinks/ swaminathan CVPR 2003.pdf

[324] Szeliski R and Shum HY (1997) Creating Full View Panoramic Image Mosaics
and Environment Maps. In Proc. 24th Comp. Graph. (SIGGRAPH), pp. 251–258.
ACM Press/Addison-Wesley Publishing Co., New York, NY, USA. ISBN 0-89791-896-7.
DOI:10.1145/ 258734.258861
URL http:// research.microsoft.com/∼szeliski/ publications.htm

[325] Tarjan RE (1975) Efficiency of a Good but Not Linear Set Union Algorithm.
J ACM (JACM) 22(2), 215–225. ISSN 0004-5411. DOI:10.1145/ 321879.321884
URL http://www.cs.princeton.edu/∼ret/

[326] Tarjan RE (1979) A Class of Algorithms which Require Nonlinear Time to
Maintain Disjoint Sets. J Computer & Systems Sciences (JCSS) 18(2), 110–127
URL http://www.cs.princeton.edu/∼ret/

[327] Tarjan RE and van Leeuwen J (1984) Worst-case Analysis of Set Union
Algorithms. J ACM (JACM) 31(2), 245–281. ISSN 0004-5411. DOI:10.1145/ 62.2160
URL http://www.cs.princeton.edu/∼ret/

[328] Tomasi C and Manduchi R (1998) Bilateral Filtering for Gray and Color Images.
In Proc. 6th International Conference on Computer Vision (ICCV), p. 839. IEEE
Computer Society. ISBN 81-7319-221-9
URL http://www.cse.ucsc.edu/∼manduchi/Papers/ ICCV98.pdf

[329] Tsai RY (1992) A Versatile Camera Calibration Technique for High-accuracy
3D Machine Vision Metrology Using Off-the-Shelf TV Cameras and Lenses.
Radiometry pp. 221–244
URL http://www.research.ibm.com/dar/ rt-page.html



�

�

“vcbook” — 2005/6/13 — 13:02 — page 544 — #560
�

�

�

�

�

�

544 Visual Computing: Geometry, Graphics, and Vision

[330] Tu X and Terzopoulos D (1994) Artificial Fishes: Physics, Locomotion,
Perception, Behavior. In Proc. 21st Comp. Graph. (SIGGRAPH), pp. 43–50
URL http://www.dgp.toronto.edu/ people/ tu/ papers/ sig94.ps

[331] Varshney A (1994) Hierarchical Geometric Approximations. Ph.D. thesis,
University of North Carolina at Chapel Hill
URL http://www.cs.umd.edu/∼varshney/

[332] Veach E (1998) Robust Monte Carlo Methods for Light Transport Simulation.
Ph.D. thesis, Stanford University
URL http:// graphics.stanford.edu/ papers/ veach thesis/

[333] Veksler O (2003) Fast Variable Window for Stereo Correspondence using
Integral Images. In Proc. IEEE Computer Vision and Pattern Recognition (CVPR),
pp. 556–564
URL http://www.csd.uwo.ca/ faculty/ olga/Papers/ cvpr03-a.pdf

[334] Volder JE (1959) The CORDIC Trigonometric Computing Technique. IRE
Transactions on Electronic Computers EC-8(5), 330–334. ISSN 0367-9950
URL http://www.worldserver.com/ turk/ computergraphics/FixedPointTrigonometry.
pdf

[335] Wang Y, Gu X, Chan TF, Thompson PM and Yau ST (2004) Intrinsic Brain Surface
Conformal Mapping Using a Variational Method. In SYE Proc SPIE/ Eds
William F Walker (Ed.), Medical Imaging: Image Processing, volume 5370, pp. 241–
252. The International Society for Optical Engineering. DOI:10.1117/ 12.534480
URL http://www.cs.sunysb.edu/∼gu/ papers/miccai.pdf

[336] Watt A (1993) 3D Computer Graphics. Addison-Wesley. ISBN 0201631865
URL http://www.shef.ac.uk/ dcs/ research/ graphics

[337] Watt A and Watt M (1991) Advanced Animation and Rendering Techniques.
Addison-Wesley Professional. ISBN 0-201-54412-1
URL http://www.shef.ac.uk/ dcs/ research/ graphics

[338] Wei LY (2003) Texture Synthesis from Multiple Sources. In SIGGRAPH Sketches
& Applications. ACM Press. DOI:10.1145/ 965400.965507
URL http:// graphics.stanford.edu/ papers/ texture-synthesis-sketch-sig03/

[339] Wei LY and Levoy M (2000) Fast Texture Synthesis Using Tree-structured
Vector Quantization. In Proc. 27th Comp. Graph. (SIGGRAPH), pp. 479–488. ACM
Press/Addison-Wesley. ISBN 1-58113-208-5. DOI:10.1145/ 344779.345009
URL http:// graphics.stanford.edu/ papers/ texture-synthesis-sig00/

[340] Wei LY and Levoy M (2001) Texture Synthesis Over Arbitrary Manifold
Surfaces. In Proc. 28th Comp. Graph. (SIGGRAPH), pp. 355–360. ACM Press. ISBN
1-58113-374-X. DOI:10.1145/ 383259.383298
URL http:// graphics.stanford.edu/ papers/ texture-synthesis-sig01/

[341] Weiler KJ (1988) The Radial-edge Structure: A Topological Representation
for Nonmanifold Geometric Boundary Representations. Geometric Modelling



�

�

“vcbook” — 2005/6/13 — 13:02 — page 545 — #561
�

�

�

�

�

�

Bibliography 545

for CAD Applications pp. 3–36
URL http://www.cs.rpi.edu/

[342] Weiss MA (2001) Data Structures and Problem Solving Using Java�. Addison-
Wesley Longman Publishing Co., Inc., Boston, MA, USA. ISBN 0201748355
URL http://www.cs.fiu.edu/∼weiss/

[343] Welzl E (1991) Smallest Enclosing Disks (Balls and Ellipsoids). In H Maurer
(Ed.), New Results and New Trends in Computer Science, LNCS. Springer
URL http://www.inf.ethz.ch/ personal/ emo/

[344] Wiernik A and Sharir M (1988) Planar Realization of Nonlinear Davenport-
Schinzel Sequences By Segments. Discrete Computational Geometry (DCG) 3,
15–47
URL http://www.math.tau.ac.il/∼michas/

[345] Williams L (1983) Pyramidal Parametrics. In Proc. 10th Comp. Graph.
(SIGGRAPH), pp. 1–11. ACM Press, New York, NY, USA. ISBN 0-89791-109-1
URL http:// encyclopedia.thefreedictionary.com/Lancelliams

[346] Wolberg G (1994) Digital Image Warping. IEEE CS Press. ISBN 0818689447
URL http://www-cs.engr.ccny.cuny.edu/∼wolberg/ diw.html

[347] Wolfson HJ and Rigoutsos I (1997) Geometric Hashing: An Overview. IEEE
Computational Science & Engineering 4(4), 10–21
URL http://www.math.tau.ac.il/∼wolfson/

[348] Woo M, Davis and Sheridan MB (1999) OpenGL� Programming Guide: The
Official Guide to Learning OpenGL, Version 1.2. Addison-Wesley. ISBN
0201604582
URL ftp:// ftp.sgi.com/ opengl/

[349] Xu G and Zhang Z (1996) Epipolar Geometry in Stereo, Motion, and Object
Recognition: A Unified Approach. Kluwer Academic Publishers. ISBN 0792341996
URL http://www.cv.cs.ritsumei.ac.jp/∼xu/ index.html

[350] Yao AC and Yao FF (1985) A General Approach to d Dimensional Geometric
Queries. In Proc. 7th Sympos. Theory of Computing (STOC), pp. 163–168. ACM Press.
ISBN 0-89791-151-2. DOI:10.1145/ 22145.22163
URL http://www.cs.princeton.edu/∼yao/

[351] Yianilos PN (1998) Excluded Middle Vantage Point Forests for Nearest
Neighbor Search. Technical report, NEC Research Institute, Princeton, NJ
URL http://www.pnylab.com/ pny/ papers/ vp2/main.html

[352] Yianilos PN (2000) Locally Lifting the Curse of Dimensionality for Nearest
Neighbor Search. In Proc. 11th Sympos. on Discrete Algorithms (SODA), pp. 361–
370. Society for Industrial and Applied Mathematics. ISBN 0-89871-453-2
URL http://www.pnylab.com/ pny/ papers/ vp3/main.html

[353] Yu J and McMillan L (2004) A Framework for Multiperspective Rendering. In
Eurographics Symposium on Rendering. Norrkoping, Sweden
URL http:// people.csail.mit.edu/ jingyiyu/ research/EGRW04/EGSR2004.pdf



�

�

“vcbook” — 2005/6/13 — 13:02 — page 546 — #562
�

�

�

�

�

�

546 Visual Computing: Geometry, Graphics, and Vision

[354] Zatloukal K, Johnson MH and Ladner R (2002) Nearest Neighbor Search for
Data Compression. In M Goldwasser, D Johnson and C McGeoch (Eds.),
Data Structures, Nearest Neighbor Searches, and Methodology: 5th/6th DIMACS
Implementation Challenges
URL http://web.mit.edu/ kevinz/www/

[355] Zelinka S and Garland M (2003) Interactive Texture Synthesis on Surfaces Using
Jump Maps. In Proc. 14th Eurographics Workshop on Rendering (EGRW), pp. 90–96.
Eurographics Association, Aire-la-Ville, Switzerland, Switzerland. ISBN 3-905673-03-7
URL http:// graphics.cs.uiuc.edu/∼zelinka/ jumpmaps/ jumpmap egsr2003.pdf

[356] Zelinka S and Garland M (2004) Jump Map-based Interactive Texture Synthesis.
ACM Trans Graph (TOG) 23(4), 930–962. ISSN 0730-0301. DOI:10.1145/ 1027411.
1027413
URL http:// graphics.cs.uiuc.edu/∼zelinka/ jumpmaps/ jumpmap tog2004.pdf

[357] Zhang B (2000). Generalized k-Harmonic Means
URL http://www.hpl.hp.com/ techreports/ 2000/HPL-2000-137.html

[358] Zhang B, Hsu M and Dayal U (1999). k-Harmonic Means—A Data Clustering
Algorithm. Tech. Rep. HPL-1999-124
URL http://www.hpl.hp.com/ techreports/ 1999/HPL-1999-124.html

[359] Zhang B, Hsu M and Dayal U (2001) k-Harmonic Means—A Spatial Clustering
Algorithm with Boosting. In Proc. 1st Int. Workshop on Temporal, Spatial, and
Spatio-Temporal Data Mining, pp. 31–45. Springer-Verlag. ISBN 3-540-41773-7
URL http://www.i2r.a-star.edu.sg/

[360] Zhang Z (2000) A Flexible New Technique for Camera Calibration. IEEE Trans
Pattern Anal Mach Intell (TPAMI) 22(11), 1330–1334. ISSN 0162-8828. DOI:10.1109/
34.888718
URL http:// research.microsoft.com/∼zhang/ calib/

[361] Zhao F and Guibas L (2004) Wireless Sensor Networks—An Information
Processing Approach. Elsevier/Morgan-Kaufman, Amsterdam. ISBN 1558609148
URL http:// research.microsoft.com/∼zhao/wsnbook.html

[362] Zomorodian A (2005) Topology for Computing. Cambridge University Press. ISBN
0521836662
URL http:// graphics.stanford.edu/∼afra/ book.html

[363] Zwicker M, Pfister H, van Baar J and Gross M (2001) Surface Splatting. In Proc.
28th Comp. Graph. (SIGGRAPH), pp. 371–378. ACM Press. ISBN 1-58113-374-X.
DOI:10.1145/ 383259.383300
URL http:// people.csail.mit.edu/matthias/Papers/ SurfaceSplatting.pdf


