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Introduction: 
To utilize the fullest potential of the commercially available Additive Manufacturing (AM) processes (e.g., 
3D printing, stereolithography, selective laser sintering, and alike), a concept called Design for Additive 
Manufacturing (DfAM) has been introduced [3]. One of the goals of DfAM is to create CAD models of 
relatively complex shapes so that an ordinary AM process can produce it in a sustainable manner. Here, 
"sustainable manner" means that all material, energy, and component efficiencies are achieved in a 
concurrent manner [10]. 

However, the shapes observed in the nature and biological organisms are by nature stochastic 
[1,6,7,11]. Sometimes, these shapes consist of Randomly Distributed Porous Structures (RDPS). 
Numerous authors have studied RDPS from the viewpoint of DfAM [2,4,5,8,12]. The methods developed 
so far are computationally heavily, and, thereby, require highly sophisticated soft/hardware facilities. 
As an alternative, this study describes a pragmatic approach to achieve DfAM for the shapes having 
RDPS. The main idea is to use a set of carefully generated stochastic point-clouds while creating RDPS. 
The following sections describes the main idea and the outcomes. 

Main Idea: 
This section describes the main idea of creating the RDPS. For the sake of better understanding, a 
cylindrically shaped object is considered. 

First, consider a deterministic set of points as follows: CDj = {(xi,yi,z) | xi = xc + rcos(i), yi = yc + rsin(i), 

z  {h1,...,hm | hj < hj+1, j = 1,...,m-1}, i = 2i/n, i = 0,...,n-1}. The points in CDj are some deterministic points 

on the circumference of a circle at a height z = hj (j  {1,...,m}) or on x-y plane denoted as z = hj. Here, 
(xi,yi,z)  3, i  {i,...,n}. The radius of the circle is equal to r  + and the center of the circle is located 
at (xc,yc,z = hj). The size of the point-cloud is equal to n. One can generate m number of point-clouds for 
the heights {h1,...,hm} denoted as CD1,...,CDm. These point-clouds collectively create a deterministic point-
cloud denoted as CD, i.e., CD = {CD1,...,CDm}. 

One can slightly modify CDj and create a set of stochastic points around it. Let this modified point-

cloud be CSj. One of the definitions of CSj is as follows: CSj = {(xi,yi,z) | xi = xc + ricos(i), yi = yc + risin(i), z  

{h1,...,hm | hj < hj+1, j = 1,...,m-1}, ri  SP, i = 2i/n, i = 0,...,n-1}, i.e., CSj is a set of points generated at 
random around the circumference of a circle. The only difference between CDj and CSj is that for the case 
of CSj, a stochastic process denoted as SP determines the radius at random, i.e., it is no longer a constant 

value. As a result, ri  +, i  {1,...,n}, i.e., it is a positive real number generated at random using SP. For 
example, SP can a uniform distribution in the interval [a,b], (a > 0) [9]. Alternatively, SP can be a normally 

distributed variable denoted as N(,) where the mean is  and standard deviation is , and so on [9]. 
One can generate m number of point-clouds denoted as CS1,...,CSm, all having the nature of CSj. These 
point-clouds collectively create a stochastic point-cloud denoted as CS, i.e., CS = {CS1,...,CSm}. 
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For example, Fig. 1 shows ten different instances of CS where five of them correspond to a random 

number [20, 40], i.e., ri  [a = 20, b = 40] and the other five correspond to a normally distributed variable 

N( = 30,  = 5), i.e., ri = N( = 30, = 5) > 0. The other parameters are as follows: xc = 100, yc = 100, z  
{10, 20,...,100}, n = 100, and m = 10. The concave CAD models generated from the respective point-
clouds in Fig. 1 using a commercially available software are also shown in Fig. 1. As seen from Fig. 1, all 
models consist of RDPS. The models corresponding to uniform distribution are likely to create more 
porosity. This mean that one can vary the stochastic process or the associated parameters to create a 
desired RDPS. However, until a physical model is being created using an ordinary AM process, it would 
be difficult to judge its (the point-cloud's) effectiveness. In this study, we are not interested in the 
general characteristics of CS. We are rather interested in using it for physical models of RDPS. 

 

SP is a uniform distribution SP is a normally distributed variable 

  

  

  

 
 

  

Fig. 1: Stochastic point-clouds and the resulting concave surface. 

Nevertheless, the above description of CD and the findings shown in Fig. 1 refer to an algorithm called 
Stochastic Point-cloud Generator (SPG), as follows: 
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To see the effectiveness of the proposed SPG in producing RDPS, several case studies have been 

carried out. Two of the case studies are reported below. 
The first case study reported here deals with how to produce a thin-walled RDPS. The SPG for this 

case uses two nearby CSs generated by using two uniform distributions. The CAD and physical models 
are shown in Fig. 2. A commercially available CAD package and an AM machine are used to create the 
CAD and physical models as shown in Fig. 2. To avoid commerciality, the details of the packages are not 
mentioned here. The results shown in Fig. 2 shows that the proposed SPG is effective in producing CAD 
and physical models of RDPS. 

 

 
(CAD model) 

 

(physical model created by AM) 

Fig. 2: Producing thin-walled RDPS. 
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The other case study reported here refers to cascaded modeling. The idea is to producing a RDPS by 
using a set of cascaded stochastic point-clouds. Figure 3 shows an example of cascaded modeling. For 
the case shown in Fig. 3, three cascaded point-clouds are used. The outer point-cloud is created by using 
the SPG where the radius refers to a uniform distribution in the interval [24, 20]. The middle point-cloud 
refers to a uniform distribution in the interval [20, 18], and the inner point-cloud refers to a uniform 
distribution in the interval [18, 16]. The heights are taken from set {10, 11, 12, 13, 14, 15}.  

 

Three 
cascaded 

point-
clouds 

 
 

 

CAD 
models 

 
 

 

Physical 
models 

   

Cascaded 
physical 
model 

 

Fig. 3: Producing RDPS using cascaded stochastic point-cloud. 
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Three CAD models have been created using the respective point-clouds, as shown in Fig. 3. The 
respective physical models have also been created using commercially available AM machines. Finally, 
the three physical models are assembled to form cascaded RDPS. 

Conclusions: 

In this study, we have described a pragmatic approach for design for additive manufacturing of porous 
structures. The main idea is to use the a carefully generated stochastic point-clouds. The main idea is 
described by introducing an algorithm for generating stochastic point-clouds. Two case studies are also 
described showing the effectiveness of the proposed methodology. The first case-study deals with thin-
walled porous structure and the other deals with cascaded modeling. In both cases, the CAD models 
consist of randomly distributed porous structures. The physical models are also created using the data 
of the CAD modeling using the ordinary additive manufacturing machines. The outcomes of this study 
enrich the field of design for additive manufacturing of complex shapes, in general, and shapes having 
randomly distributed porous structure. 

Acknowledgment: 

The author acknowledges one of his former undergraduate students Naoyuki Keira for helping him in 
producing the cascaded model. 

References: 
[1] Capasso, V.; Micheletti, A.; Morale, D.: Stochastic geometric models, and related statistical issues 

in tumour-induced angiogenesis, Mathematical Biosciences, 214(1–2), 2008, 20-31. 
http://dx.doi.org/10.1016/j.mbs.2008.03.009 

[2] Chu, C.; Graf, G.; Rosen, D.W.: Design for Additive Manufacturing of Cellular Structures, Computer-
Aided Design and Applications, 5(5), 2008, 686-696. http://dx.doi.org/10.3722/cadaps.2008.686-
696 

[3] Gibson, I.; Rosen, D.W.; Stucker, B.: Design for Additive Manufacturing Additive Manufacturing 
Technologies: Rapid Prototyping to Direct Digital Manufacturing (pp. 299-332), 2010. Boston, MA: 
Springer US. http://dx.doi.org/10.1007/978-1-4419-1120-9_11 

[4] Khoda, A.K.M.B.; Koc, B.: Functionally heterogeneous porous scaffold design for tissue engineering, 
Computer-Aided Design, 45(11), 2013, 1276-1293. http://dx.doi.org/10.1016/j.cad.2013.05.005 

[5] Kou, S.T.; Tan, S.T.: An Approach of Irregular Porous Structure Modeling Based on Subdivision and 
NURBS, Computer-Aided Design and Applications, 10(2), 2013, 355-369. 
http://dx.doi.org/10.3722/cadaps.2013.355-369 

[6] Sharif Ullah, A.M.M.; D’Addona, D.M.; Harib, K.H.; Lin, T.: Fractals and additive manufacturing, 
International Journal of Automation Technology, 10(2), 2016, 222-230. 
http://dx.doi.org/10.20965/ijat.2016.p0222 

[7] Sharif Ullah, A.M.M.; Sato, Y.; Kubo, A.; Tamaki, J.: Design for Manufacturing of IFS Fractals from 
the Perspective of Barnsley's Fern-leaf, Computer-Aided Design and Applications, 12(3), 2015, 241-
255. http://dx.doi.org/0.1080/16864360.2014.981452 

[8] Sogutlu, S.; Koc, B.: Stochastic Modeling of Tissue Engineering Scaffolds with Varying Porosity 
Levels, Computer-Aided Design and Applications, 4(5), 2007, 661-670. 
http://dx.doi.org/10.1080/16864360.2007.10738500 

[9] Ullah, A.M. M.S.; Shamsuzzaman, M.: Fuzzy Monte Carlo Simulation using point-cloud-based 
probability–possibility transformation, Simulation, 89(7), 2013, 860-875. 
http://dx.doi.org/10.1177/0037549713482174 

[10] Ullah, A.M.M.S.; Hashimoto, H.; Kubo, A.; Tamaki, J.: Sustainability analysis of rapid prototyping: 
Material/resource and process perspectives, International Journal of Sustainable Manufacturing, 
3(1), 2013, 20-36. http://dx.doi.org/10.1504/IJSM.2013.058640 [14] [10] 

[11] Ullah, A.M.M.S.; Omori, R.; Nagara, Y.; Kubo, A.; Tamaki, J.: Toward Error-free Manufacturing of 
Fractals, Procedia CIRP, 12(2013), 2013, 43-48. http://dx.doi.org/10.1016/j.procir.2013.09.009 

[12] Yaman, U.; Butt, N.; Sacks, E.; Hoffmann, C.: Slice coherence in a query-based architecture for 3D 
heterogeneous printing, Computer-Aided Design, 75–76, 2016, 27-38. 
http://dx.doi.org/10.1016/j.cad.2016.02.005 

http://www.cadconferences.com/

