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Abstract—The conventional engineering technologies such as computer aided geometric design and computer
aided manufacturing systems are used to design and create physical objects from digital models. The reverse of
this procedure i.e. transforming the real physical objects into a digital description is referred as reverse
engineering. Surface reconstruction is the problem of recovering 3D shapes. It arises in a wide variety of
applications such as CAD design, data visualization, virtual reality, medical imaging, computer animation,
computer vision, computer graphics, scientific computing etc. In this paper, GA optimization approach is applied
in order to reconstruct B-spline surface from a set of 3D data points. Surface reconstruction consists of data
collection, data pre-processing, surface parameterization and surface fitting. In the present work, the 3D data
points are obtained by cad modelling using MATLAB for a known object shapes. Data Pre-processing is used to
arrange the data points in a proper sequence. Surface Parameterization is used for the determination of all
relevant surface data such as knot vectors, control points. GA optimization approach is applied to optimize the
location of control points i.e. proper placement of control points. GA is used because it constitutes a class of search
algorithms especially suited to solving complex optimization problems. Genetic algorithm is a robust stochastic
based search method and it maintains a population of potential solutions. The fitting surface is calculated by least
squares through SVD (singular value decomposition) method. The SVD method is used because of its robustness
and it provides good quality numerical answers. The proposed method yields good results and provide fine
accuracy and flexibility with minimum computational effort.
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I. INTRODUCTION

Three — dimensional (3D) digitization is a process to obtain a digital description from the real physical objects, which is
also known as reverse engineering. There are various properties of a 3D object that may be recovered, such as its shape,
its colour, and its material properties. The problem of recovering 3D shapes is called as surface reconstruction. It is
widely used in CAD design, data visualization, virtual reality, medical imaging, computer animation, computer vision,
computer graphics, scientific computing, aerospace, automobile, biomedical, and consumer product industries to facilitate
product design, analysis and manufacturing from pre-existing products [3], [4], [11], [13].

The problem of surface reconstruction [9]-[17], [24], [25] can be roughly divided into two phases, first phase consists
of data acquisition, it involves a set of 3D data points which contain the partial information about the unknown object
surface. The data points can be obtained by 3D scanner such as coordinate measuring machine [5], laser scanner,
photometric system etc. and they may be either organized or scattered. Second phase consists of post sensing data pre-
processing where a shape model is reconstructed. That is the data points are used to create a surface model that
approximates the unknown object surface.
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A. Reported Work

Reference [4] used two different schemes, SOM (self-organizing map) neural network and PDEs (partial differential
equations) for the surface parameterization, and GDA (gradient descent algorithm) and RSEC (random surface error
correction algorithm) for fitting a 3D surface to get the reconstructed surface. This method requires data points to be
projected onto the base surface and therefore, only examples of neither self intersecting nor high-genus surfaces are
properly handled. Reference [25] combined NURBS with Constructive Solid Geometry in a hybrid evolutionary
algorithm/genetic programming approach. This method is simple and less powerful since no parameterization of data
points is computed. The method is limited to very simple examples in which a planar base surface can be used and
reported errors for data points are quite large. Reference [24] applied simulated annealing for optimizing NURBS ship
hull fitting. This work performed surface reconstruction from a set of cross-sections called NURBS skinning rather than
from clouds of points. A set of data points are used to generate a set of cross-sections for surface fitting by making all
those cross-sections compatible and joining them with one another. Then, surface optimization is accomplished using
simulated annealing. Errors with this method are quite large, and this method is limited to very specific surfaces for which
suitable cross-sections can be obtained.

Reference [23] applied multi-objective evolutionary algorithm (MOEA) approach to reconstruct a simple smooth
surface with different sets of data points. This method is limited since it is assumed that sampled points are uniformly
spaced in the (u, v) domain, so clouds of scattered data points cannot be reconstructed. Reference [12] used evolutionary
algorithms to recover the shape of tessellated surfaces such as a sphere, a fractal surface. For a population size of 30-50
particles, a polygonal mesh is obtained. The method is fails, where a proper triangulation cannot be obtained. The surface
is linearly approximated, points on the reconstructed surface different from data points exhibit very large errors.
Reference [15] used an automatic surface reconstruction method. The method is composed of quadrangle frame
generation, point and curve networks planning, and surface patches reconstruction. In the first phase, the original triangle
mesh is reduced and converted into a quadrangle mesh. In the second phase, the boundary data of the surfaces are
prepared. These include a network of serial points, frame curves and surface normal which are also expressed as curves.
In the final phase, surface initialization, harmonization mapping and surface warping are presented to yield the desired
surfaces. The main advantage of this method is that it can relax the pre-processing of a scanned triangle mesh, and hence,
increase the efficiency and quality of the surface reconstruction. Reference [11] used genetic algorithm approach for
tensor-product B-spline surface fitting. The fitting surface is calculated by least-squares through either singular value
decomposition or lower upper modification method. This method yields good results even in presence of problematic
features and fitting errors are small.

In this paper, the surface reconstruction problem is solved by using a genetic algorithm approach. The proposed
method is briefly summarized in Fig.1. A set of 3D data points obtained by cad modelling using MATLAB for a known
object shapes, are fitted with a B-spline surface of a certain order. In order to do so, genetic algorithm techniques are
applied to determine control points. Then, the fitting surface is calculated by LSQ (least squares) through SVD (singular
value decomposition). Reconstructed data points are then compared with the original ones. This pipeline is applied
iteratively until a prescribed threshold error for data points is achieved.

Il. PROPOSED METHOD

A. Data acquisition and pre-processing

In the present work, the 3D data points are obtained by cad modelling using MATLAB for a known object shapes. A
cylindrical object is taken to obtain the data points. To create data points the known surface is divided into a small number
of grid sizes and each coordinates of grid point are stored. These grid coordinates value are put in the known surface
equation and finding the coordinate of that point for which function value is zero or less than a specified accuracy. The
Coordinates that are satisfying this condition are lies on or near the known surface i.e. on the periphery of the circular face
of cylinder. Then these points are stored as initial data points.
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Fig. 1. Workflow of the Proposed Method

A known object shape cylinder having radius 5 and height 5 units is taken for data acquisition. The grid size for xxyxz
axis is taken as 0.1x0.1x0.1. For 0.1 unit accuracy 3876 numbers of 3D data points are obtained. Data Pre-processing [9]
is needed to separate the noise from the surface in case of noisy data points. It involves trimming of the data coming from
near the edges of the surfaces, as the noise in such regions has quite different characteristics as that from the interior
points. Then a smooth surface is fitted around each measured surface point. For plotting a spline curve the points are
needed in a sequence from which the curve has passed. For doing this the data points have sorted in such a sequence so
that curve passes through these data points makes an authentic surface. The final data points are obtained by doing such a
specific sorting.

B. Surface parameterization

Surface Parameterization is the determination of all relevant surface data such as knot vectors, control points. In this
paper, B-spline surface is used for fitting the data points. A B-spline surface is defined in terms of a (m+1) x (n+1) grid of
control points, and a set of B-Spline basis functions. The points on the B-spline surface [13], [14], [19] at a particular
parametric value (u, v) are defined as:

P =D D RN Ny (1)

Where Pj; is a control point, and N;,and N;, are basis functions in bi-parametric u and v directions, respectively. The
ith B-Spline basis function N; (u) of order k (equivalent to degree k-1) is defined by the recurrence relations

1 ifyy<u<uy
N. = =Y ="4+1 2
11 (W) {0 otherwise @
N (@) = () Ny )+ () N ) ©
’ Uipp—g — W/ " Uip — Ui/

Let u = {ug, Uy, ..., U} be a non decreasing sequence of real numbers called knots and u is called knot vector. The
number of times a knot appears in the knot vector is called the multiplicity of the knot and has an important effect on the
shape and properties of the associated basis functions. Knot vectors can be classified into two groups. The first one is the
uniform knot vector in which each knot appears only once and the distance between consecutive knots is always the same.
A qualitatively different behaviour is obtained when any of the knots appears more than once, this case is referred as non-
uniform knot vector. The most common case of non-uniform knot vectors consists of repeating the end knots as many
times as the order while interior knots appear only once. Such a knot vector is called non-periodic knot vector [19], [27].
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The values of u depend on whether the B-spline curve is an open (non-periodic) or closed (periodic) curve [19], [27].
For an open curve, it is given as

0, i<k
u; = j—k+1, k<j<n 4
n—k+ 2, j>n

Where 0 <j <n+kandtherange ofuis0 <u<n-k+ 2.

For a closed B-spline curves the basis function [19], [27] is given as

Nix(u) = Nop((u—1i+n+ 1)mod(n + 1)) (5)
y=j0<j<n+1 (6)
Where0 <i<n+ landtherangeofuis 0 <u<n+1.

C. Control points calculation

The control points are first determined by analytical method using chord length approximation method [11], [16], [19].
The data points are D =[x, y, z] and from Eq. (1) in matrix form

[D] = [C][B] (™)
Where C;;=N;,N;,. [D] is an (R+1) * (S+1) x 3 matrix containing the 3D coordinate of surface data points, [C] is an

(R+1)*(S+1) x (n+1)*(m+1) matrix of the products of the B-spline basis function, and [B] is an (n+1)*(m+1) x 3 matrix
of the 3D coordinate of the required polygon net points. If [C] is square, the defining polygon net is obtained by

[BJ=[CI*[D] and if [C] is not square then [B]:[[C]T[C]]'l [C]'[D]. For R data points the parameter value at the Ith data
points in the u parametric direction is obtained as
u; _ Zlg:2|Dg,s - Dg—l,sl

Umax Zg:leg,s - Dg—l,sl

®)

U1=0,

Similarly, for S data points in the w parametric direction is obtained.

The second method for computing control points is least square method with genetic algorithm approach. This function
is minimized by using genetic algorithm optimization approach. The cost function [2], [11] is approximated as

n m 2
MinZ = f(P) = ii DI TS LMCALIEN ©

r=0 s=0 |i=0 j=0

A genetic algorithm (GA) has been recognized as one of the most powerful computational technique for optimization
and global search problems. It is originated from the seminal work of John Holland in the 70s; they combine bio-inspired
processes emulating genetic evolution namely natural selection, mutation and crossover in order to describe the growth
and development of populations associated with the objective problem [11], [26]. In this paper, Genetic algorithm (GA) is
used because it strongly differs in conception from other search methods, including traditional optimization methods and
other stochastic search methods. The basic difference is that while other methods always process single points in the
search space, genetic algorithms maintain a population of potential solutions [18]. In this method the balance between
preserving feasible solution and rejecting infeasible ones is easy to get. A binary representation is needed to describe each
individual in the population of interest. Each individual is made up of a sequence of binary bits (0 and 1). The string
length and population size denote the length of the binary sequence and the number of individuals involved in the
population [6].

In simple GA three genetic operators reproduction, crossover, mutation are used to formed a new population string [7],
[8], [18], [20]. The selected individuals are called parents and the resulting individuals are called offspring. The new
populations are obtained using a selection process (reproduction) based on individual adaptation. The individuals with the
best adaptation measure have more chance of reproducing and generating new individuals by crossing and muting. The
reproduction operator can be implemented in several ways, such as tournament, proportionate, roulette wheel, rank-based,
hall of fame, Boltzmann selection, etc. In this paper rank based selection method is used.
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In rank based selection individual’s rank is used to calculate the selection probability instead of the fitness function.
The last individual gives a better chance of chromosomes with small fitness values to take part in the reproduction. The
individuals are arranged in ascending order according to the value of their fitness functions. Afterwards, each
chromosome obtains a rank depending on the place it has taken in this order [7], [20], [21]. Thus, the worst chromosome,
which is first in the order, has a rank 0, while for the best one, which is the last—the rank is (u—1), where p is population
size. GA comprises two types of ranking selection, linear and square, here linear ranking is used [20]. According to linear
ranking the selection probability is proportional to the rank of each individual i and calculates as follows

o+ [0

1
Where B is selective pressure represents the expected number of offspring to be allocated to the best individual, while o

refers to the worst one and B must range in the interval 1 < 3 < 2. Here in linear ranking = 2 is taken as default and the
parameter o calculated as o = 2 — f§ [20].

After reproduction, a crossover operator with a crossover probability creates two new individuals (offspring) by
combining parts from two randomly selected individuals of the population. In GA the crossover operator is randomly
applied with the specific probability known as crossover probability. Normally, the probability for crossover ranges from
0.6 to 0.95 [6]. A good GA performance requires the choice of a high crossover probability. If no crossover was
performed, offspring is the exact copy of parents. The various crossover techniques are single point crossover, two point
crossover, multi-point crossover (n-point crossover), uniform crossover, three parent crossover, shuffle crossover, ordered
crossover etc. In this paper, uniform crossover is used. According to it, each gene of each child creates by randomly
selecting respective gene from one of both parents. Both parents have an equal chance to contribute in the children’s
chromosomes [18], [20], [21].

Mutation is a unitary transformation which creates, with a mutation probability, a new individual by making
modifications to one selected individual. A good algorithm performance requires the choice of a low mutation probability.
Mutation of a bit involves flipping a bit, changing 0 to 1 and vice-versa. Mutation is done by flipping, interchanging, and
reversing. Mutation is needed to keep diversity in the population. Normally, the probability for bit mutation ranges from
0.001 to 0.01 [6], [20], [21].

The new population obtained after mutation completes one generation of GA. This population is used to find fitness
value, if termination criterion is not satisfied then it goes to reproduction process and this iterative process continues until
the stopping criterion is satisfied. After optimization, the control points [22] is obtained as
vec (Q) = M - vec(P)

MT - vec(Q) = MT - M - vec(P) 11D

Equation (11) can be solved by using SVD (singular value decomposition) [1], [23].The matrix M is decomposed as
M=U*S*V/". Here M"*M is a square matrix, and its inverse is obtained as

[MT-M]t = V. [diag ((Z)lk)] -yt (12)

Where U = a column orthogonal matrix, S = a diagonal matrix with the elements @, called as singular values, V = a
square orthogonal matrix. Then from equation (11) and (12) vec(P) [16],[17] is obtained
MT-M]™ - MT - vec(Q) = vec(P) (13)
After this, all output of previous steps is collected in order to perform surface reconstruction. Reconstructed data points
are then compared to original data points according to some error measure such as the root mean squared error.

Pr(i) =

(10)

I11. RESULT

An example of a known object shape (cylinder having radius 5 and height 5 unit) is B-spline surface parameterized to
evaluate the control point placement based on genetic algorithm. The cylinders are to be one of the most basic geometric
shapes. Since the cylinder is a closed surface in one parametric directions but open in the other one, so the choice of knot
vectors is not trivial. Thus, a cylinder is a good to test the performance of method against strictly rational geometric
shapes. The proposed method applied on a set of 3876 number 3D data points. The surface has been modelled for seven
control points and it is shown in Fig. 2(b) and its top view with the data points and the control points obtained by genetic
algorithm approach is shown in Fig. 2(a). The values of GA parameter used in optimization are presented in Table I. The
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root mean square (RMS) error between the modelled curve and data points for different number of control points (cp) is
reported as in Table Il. The curve now conforms better to the data points. The fitness is increases (the error decreases)
while the generations are increasing.

TABLE I: THE SET OF PARAMETER OF GA OPTIMIZATION RUN

Parameter GA Values

Population size 10

String length 10x2xNumber of control point
(for 5¢p, String length=100)

Crossover rate 0.5 (Uniform Crossover)

Mutation rate 0.01

Generation 500

TABLE II: THE RMS VALUES OF MODELLED CURVE AND DATA POINTS FOR GA

Generation Best RMS Best RMS
for 5¢p for 7cp
Initial 0.4225 0.0790
10 0.2799 0.0372
25 0.2575 0.0277
50 0.1922 0.0210
100 0.1881 0.0181
200 0.1747 0.0179
300 0.1726 0.0187
400 0.1779 0.0184
500 0.1715 0.0174

Y Axis
o
!
»*
o emm

(@) (b)
Fig. 2. (a) Upper view of a right circular cylinder fitting surface with data points and control points obtained by GA approach
(b) Reconstructed surface of cylinder by closed B-spline curve for 7 control points

The fitting surface has been obtained for (2, 2) order surface with a net of 2x7 control points, with the least error of
0.0164 by genetic algorithm approach and 0.0174 by analytical method. The error is of the order of 10 in the data points,
although other values for the order and number of control points also produced good errors. The order (2, 2) means that
the surface is linear in the vertical direction (actually a ruled surface), while it is a circle comprised of quadratic pieces in

Page | 36
Research Publish Journals



http://www.researchpublish.com/
http://www.researchpublish.com/

International Journal of Mechanical and Industrial Technology (IIMIT)

Vol. 1, Issue 1, pp: (31-39), Month: October 2013-March 2014, Available at: www.researchpublish.com

the horizontal direction. Fig. 2(a) displays the surface as seen from the top, so that we can see the good fitting to data
point along the most complicated direction (in fact, shape in vertical direction is linear and hence trivial) and Fig. 2(b)
displays the reconstructed surface. The fitness value changes for different number of control points. The variation of
fitness according to variation in number of control points is reported in Table Il1. It shows that fitness is best (the least
error) between 25 — 30 number of control points and its variation is shown in Fig. 5.

TABLE I11: FITNESS VARIATIONS WITH NUMBER OF CONTROL POINTS

Number of Control Points Best Fitness Generation
5 0.1640 255
6 0.0413 325
7 0.0164 297
8 0.0083 485
9 0.0063 206
10 0.0047 249
15 0.00226 219
20 0.00113 146
25 0.00107 316
30 0.00123 310
35 0.00166 182
40 0.00187 401

IV. CONCLUSION

In this paper, the introduced method is an efficient GA based B-spline surface reconstruction from clouds of 3D data
points. The method relies on the GA approach to obtain the relevant parameters in order to construct the B-spline surface
that fits the data points better. The feature of this method is the proper parameterization of data points and the very
accurate fitting of the surface to the clouds of points. The results show that the proposed method enables the proper
selection of the control points so that reconstructed surface will have minimum error and reduced computational effort.
Genetic Algorithms have global perspective and robust. However, their convergence is slower and computation cost is
more for generations which are much closer to optimal solution. The variation of fitness with GA generation is shown in
Fig. 3.

0.00 +——7——— —
0 50 100 150 200 250 300 350 400 450 500

Generation
Fig. 3 GA based parameter optimization according to generations for 7 control points
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The comparative analysis between analytical method and genetic algorithm based approach to obtain the position of
control points is shown in Fig. 4. The least error obtained by analytical method is 0.0174 where as the least error obtained
by genetic algorithm based approach is 0.0164 for 7 number of control points. This shows 5.7471% improvement in least
error by genetic algorithm based approach. The use of genetic algorithm based approach gives an efficient improvement
to obtain control point. The proposed method also gives efficient improvement for other number of control points. The
variation of number of control points with the fitness is as shown in Fig. 5. The analytical method gives least error
0.001132 for 28 number of control points where as the genetic algorithm based approach gives the least error for number
of control points 25 — 30 with the efficient improvement in the least error. Thus the genetic algorithm based approach of
obtaining control points is an effective approach with the optimum number of points and proper placement of control
points with the least value of error.
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[ *  Control points by GA approach ]
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Fig. 4 Comparative analysis between analytical method and genetic algorithm based approach
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Fig. 5 Fitness variations with number of control points with the respective GA generation

Page | 38
Research Publish Journals



http://www.researchpublish.com/
http://www.researchpublish.com/

International Journal of Mechanical and Industrial Technology (IIMIT)
Vol. 1, Issue 1, pp: (31-39), Month: October 2013-March 2014, Available at: www.researchpublish.com

REFERENCES

[1] Akritas A.G. and Malaschonok G. 1., “Applications of singular-value decomposition (SVD)”, Mathematics and Computers in
Simulation, 67, pp.15-31 (2004)

[2] Alhanaty M.and Bercovier M., “Curve and surface fitting and design by optimal control methods”, Computer-Aided Design, 33,
pp. 167 — 182 (2001)

[3] Azernikov S. and Fischer A., “Efficient surface reconstruction method for distributed CAD”, Computer-Aided Design, 36,
pp.799-808 (2004)

[4] Barhak J. and Fischer A., “Parameterization and reconstruction from 3D scattered points based on neural network and PDE
techniques”, IEEE Transactions on Visualization and Computer Graphics 7 (1) pp. 1-16 (2001)

[5] Calio F., Miglio E., Moroni G., Rasella M., “An improved b-spline approach for the surfaces reconstruction from data measured
by emm”, www.aspe.net/publications/Summer_2003/Summer_03.html (2003)

[6] CAOY.J. and WU Q. H., “Teaching genetic algorithm using matlab”, Int. J. Electrical Engineering Education, Vol. 36, pp. 139—
153 (1999)

[71 Coley D. A., “An introduction to genetic algorithms for scientists and engineers”, World Scientific Publishing Co. Pte., Singapore
(1999)

[8] Deb K., “Multi Objective Optimization using Evolutionary Algorithms”, John wiley & sons Ltd., New York, pp.81-169 (2002)

[9] Fabio R., “From point cloud to surface: the modeling and visualization problem”, International Archives of Photogrammetry,
Remote Sensing and Spatial Information Sciences, Vol. XXXIV-5/W10, Switzerland (2003)

[10] Galvez A. and Iglesias A., “Particle swarm optimization for non-uniform rational B-spline surface reconstruction from clouds of
3D data points”, Information Sciences, 192, pp. 174 — 192 (2012)

[11] Galvez A., Iglesias A., Pey J. P., “Iterative two-step genetic-algorithm-based method for efficient polynomial B-spline surface
reconstruction”, Information Sciences, 182, pp. 56-76 (2012)

[12] Goinski A., “Evolutionary surface reconstruction”, Proceedings of IEEE Conference on Human System Interactions, Krakow,
Poland, pp. 464-469 (2008)

[13] Huang Y. and Qian X. “Dynamic B-spline surface reconstruction: Closing the sensing and modeling loop in 3D digitization”,
Computer Aided Design, 39, pp. 987-1002 (2007)

[14] Kineri Y., Wang M., Lin H., Maeckawa T., “B-spline surface fitting by iterative geometric interpolation/approximation
algorithms”, Computer-Aided Design, 44, pp.697-708 (2012)

[15] Lin K.Y., Huang C.Y., Lai J.Y., Tsai Y.C., Ueng W.D., “Automatic reconstruction of B-spline surfaces with constrained
boundaries”, Computers & Industrial Engineering, 62, pp.226-244 (2012)

[16] Ma W. and Kruth J. P., “Parameterization of randomly measured points for least squares fitting of B-spline curves and surfaces”,
Computer-Aided Design,Vol. 27, No. 9, pp. 683-675 (1995)

[17] Ma W.and He P., “B-spline surface local updating with unorganized points”, Computer-Aided Design, VVol. 30, No. 11, pp. 853-
862 (1998)

[18] Renner G. and Ekart A. “Genetic algorithms in computer aided design”, Computer Aided Design, 35, pp. 709—726 (2003)

[19] Rogers D.F. and Adams J. A., “Mathematical Elements for Computer Graphics”, second ed. Tata McGraw-Hill Publishing
Company Limited, New Delhi, (2009)

[20] Shopova E. G.and Vaklieva-Bancheva N. G., “BASIC—A genetic algorithm for engineering problems solution”, Computers and
Chemical Engineering, 30, pp.1293-1309 (2006)

[21] Sivanandam S.N., Deepa S.N., “Introduction to Genetic Algorithms”, Springer Berlin Heidelberg, New York, (2008)

[22] Ulker E.and Arslan A., “Automatic knot adjustment using an artificial immune system for B-spline curve approximation”,
Information Sciences, 179, pp.1483-1494 (2009)

[23] Wagner T., Michelitsch T., Sacharow A., “On the design of optimizers for surface reconstruction”, Proceedings of the 2007
Genetic and Evolutionary Computation Conference-GECC02007, London, England, pp. 2195-2202 (2007)

[24] Weinert K., Mehnen J., Albersmann F., Drerup P.,“New solutions for surface reconstruction from discrete point data by means of
computational intelligence”, Proceedings of Intelligent Computation in Manufacturing Engineering-ICME’98, Sydney, Australia,
IEECS Press, pp. 431-438 (2006)

[25] Weinert K., Shamsuddin S.M.H., Samian Y., “Evolutionary surface reconstruction using CSG-NURBS-hybrids”, Proceedings of
the 2001 Genetic and Evolutionary Computation Conference-GECC02001, San Francisco, USA, pp. 1456-1463 (2001)

[26] Wu Y., Lul., SunY., “An Improved Multi-Population Genetic Algorithm for Constrained Nonlinear Optimization”, Proceedings
of the 6th World Congress on Intelligent Control and Automation, Dalian, China, (2006)

[27] Zeid I. and Sivasubramanian R., “CAD/CAM Theory and Pratice”, second ed. Tata McGraw-Hill Publishing Company Limited,
New Delhi, (2009)

Page | 39
Research Publish Journals



http://www.researchpublish.com/
http://www.researchpublish.com/
http://www.aspe.net/publications/Summer_2003/Summer_03.html

