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Abstract. In this paper we introduce novel algorithm for mapping of electronic components onto 3D objects. The 
algoritm, called Algorithm Specialised  for Electronic Components, is compared with other algorithms suitable to per-
form this task. Exhaustive experimental results are provided and discussed as well. Algorithm Specialised  for Electro-
nic Components is recognized as best suitable for 3D-MID technology, but it is not limited to it. 

 
 

1. Indroduction The task of mapping electronic components onto 
3D objects is solved successfully by using algorithms 
based on orthogonal projection and parametric 
equations of surfaces [8]. The following disadvantages 
of those algorithms are recognized after their 
implementation and testing: 

As more and more miscellaneous products contain 
integrated parts and mechanisms, knowledge from 
various fields is required in order to manufacture 
them. The arrangement of electronic components (in-
terconnect and packaged components) within a me-
chanical structure is an example of such integration. 1. Avoidance of overlap of electronic component is 

not guaranteed, 
Because the size requirements for many devices 

equipped with electronics are getting stricter – the 
electronic piece parts should be as small as possible. 
While placing electronic components within mecha-
nical structures, unused space must be minimized. 

2. Preservation of the original shapes of packaged 
components, the width of tracks is not guaranteed, 

3. The orthogonal projection-based algorithm can 
cause big distortions. 

In various papers it is proved that considering 
many aspects (mechanical constraints applied to 
electronic circuitry, thermal, pressure analysis, etc.) in 
early design stages saves manufacturing time and 
money [2, 3, 15]. Appearance of commercial software 
confirms the importance of this topic [4, 16]. Compa-
nies like Boeing, Rockwell Collins, NASA, Lockheed 
Martin, Airbus, Renault participating in international 
consortiums PDES Inc. [13] and ProStep [14] are 
producing multi discipline products and aim to solve 
integrated tasks.  

2. Algorithm Specialised for Electronic 
Components 

A new algorithm (called „Algorithm Specialised 
for Electronic Components“) is dedicated to one task 
only – to map PCB and PCA components onto 3D 
object. The algorithm based on the orthogonal projec-
tion is used in the areas, where distortions are not im-
portant, partially for the mapping of traces.  

3D objects and surfaces they consist of are ap-
proximated using triangles. The projection-based 
algorithm is used as triangulation algorithm here [7].  

During the analysis, 3D-MID (Moulded Intercon-
nect Device) technology [6] was recognized as suit-
able for implementing the mapping of electronic 
components onto 3D objects. Scientific work is only 
emerging in this field [1], though the application area 
is very broad [9, 10, 11], 12]. Computer aided desig-
ning aspects of electronic components mapping onto 
3D objects using 3D-MID technology are not enough 
researched yet. Nevertheless, the need to have more 
automatic ways to map electronic component onto 3D 
objects, which are suitable for 3D-MID technology, is 
increasing now. The algorithm proposed here is 
targeting to fill exactly this gap. 

Some steps in Algorithm Specialised for Electronic 
Components are used for all kind of electronic 
components:  
 1. Triangles approximating 3D surfaces are trans-

formed by the following matrix.  
Here a = sinθ × sinφ × cosψ – cosθ × sinψ, 

b = sinθ × sinφ × sinψ + cosθ × cosψ, 
c = cosθ × sinφ × cosψ + sinθ × sinψ, 
d = cosθ × sinφ × sinψ – sinθ × cosψ. 
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 2. Triangles are skipped depending on their normal 
vectors. 

3. Triangles which are completely outside the out-
line of PCB are skipped. 

 4. Modified Z buffer is applied [5, 668-672 pp.]. 
 5. Triangles are transformed in such a way that their 

normal vector becomes equal to (0, 0, 1). 
 6. Adjacent triangles are determined. 

In the first step of algorithm all triangles are transfor-
med by matrix T (1), in order to minimize distortions 
of 2D shapes of electronic components. In this matrix 
θ, ψ and φ are rotation angles around X, Y and Z axes, 
respectively. The major goal here is to get smallest 
possible angle between the normal vector of the 
surface containing the biggest number of electronic 
components mapped to it and vector (0, 0, 1), in order 
to minimize distortions.  

The normal vectors of all the triangles are ana-
lyzed in the second step. If the normal vector is 
pointing outside the end-user (Z component of the 
vector is negative), the triangle is skipped and not 
processed further.  

In the third step, the remaining triangles are 
processed using a modified Z buffer algorithm. The 
algorithm used here differs from the regular Z buffer 
algorithm so that one triangle out of two, containing 
the biggest Z coordinate, is skipped only if the triangle 
is fully covered by other triangles with a smaller Z 
coordinate. The term ‘cover’ can be explained using 
CSG operations – if the result of the subtraction of the 
area of currently processed triangle (with biggest Z 
coordinate) from the common area of all other tri-
angles is empty – this triangle is skipped as it is not 
visible to the end-user.   

One more operation to reduce the number of tri-
angles to be processed is performed in Step 4. Each 
triangle is evaluated according to the outline of PCB. 
If a triangle is fully outside the outline, the triangle is 
skipped. 

In Step 5, the remaining triangles are transformed 
so that their normal vectors become equal to (0, 0, 1). 
This step allows reducing the distortions if traces are 
mapped using the orthogonal projection algorithm. 
Some of the triangles may overlap after transforming 
them so that their normal vectors become equal to (0, 
0, 1). After this transformation the triangles become 
2D – all Z coordinates of three triangle vertices be-
come equal to 0. This is exactly the goal of this step. 
The triangles, which are adjacent in 3D, are no longer 
adjacent and/or overlap after the transformation per-
formed in this step. After further transformations, the 
triangles are made adjacent again. This is done not for 

all triangles, but only within the area of one mapped 
track. 

In the last step all adjacent triangles are deter-
mined. The simplest way to do this is to take each 
triangle and search for triangles sharing two vertices 
with the current triangle. Each triangle of 3D object 
has 3 adjacent triangles if 3D object is closed and 
correctly triangulated.  

After the analysis, the following conclusion is 
made – the algorithm described here gives good 
results if adjacent triangles are treated those sharing 
one common edge. Gaps between triangles, 
overlapping of triangles and other cases breaking 
adjacency of triangles are not allowed. 

 

3. Mapping of packaged components and 
footprints 

The main requirement for the mapping of pa-
ckaged components and footprints – is to minimize the 
distortions of components after they are mapped. The 
shape of a packaged component is not distorted if the 
algorithm described in this article is used. If the pa-
ckaged component is mapped to the surface of other 
type than plane – the component is touching the sur-
face in one or few places, but not completely. So 
packaged components can‘t be mapped to surfaces 
whose normal vector within the region where the 
packaged component is mapped varies more than 
some predefined threshold.  

The steps of the algorithm for mapping of the 
packaged components are as follows: 
1. Calculate the geometrical centre point of the 

packaged component outline. 
2. Determine the point on 3D surface where the 

geometrical centre point calculated in previous 
step is mapped.  

3. Find the triangle containing the point determined 
in the previous step. 

4. Calculate the normal vector of the triangle. 
5. The packaged component is mapped so that its 

surface would be as close as possible to the 
triangle determined in Step 3. 

A graphical representation of packaged component 
mapping steps is provided in Figure 1, a – e, while 
additional steps for footprints – in f and g. 

In order to simplify calculations – a bounding box 
of a packaged component is used instead of an exact 
outline, while calculating geometrical centre point 
(Figure 1, a).  

In the second step of the algorithm (Figure 1, b), 
all surfaces of 3D object are analyzed. Surfaces 
containing the point with the same (x, y) coordinates 
as the geometrical centre point of the packaged 
component are determined. If a few such surfaces are 
found, they are compared and the surface with the 
biggest Z coordinate is chosen.  
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Figure 1. Mapping of 2D packaged component and its footprint onto 3D object 
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The triangle, approximating the surface determi-
ned in Step 2 and containing the geometrical centre 
point of the packaged component to be mapped, is 
determined in Step 3 (Figure 1, c). 

In Step 4 (Figure 1, d), the normal vector of the tri-
angle is calculated (as multiplication of 2 vectors 
derived from the edges of the triangle).  

In Step 5 (Figure 1, e), 2D shape of the packaged 
component is transformed in such a way that its Z 
vector of the plane (which is initially equal to (0, 0, 
1)) would coincide with the normal vector of the 
surface at the determined point. First of all, 2D shape 
of the packaged component is translated so that its 
geometrical centre point would coincide with the fidu-
cial point. The 2D shape of the packaged component 
is rotated by angle α around the calculated vector S = 
N * Z. Finally, the geometrical centre point of 2D 
shape of the packaged component and the point on the 
surface are transformed so that they match. The 
composition matrix for this step is as follows: 

L = A × B × A-1, 

where 
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TPX, TPY and TPZ are the coordinates of the point 
on the 3D surface and B is the rotation matrix about 
the vector S by angle α. 

An automatic mapping of packaged components 
onto 3D surfaces may map them on non-planar sur-
faces or cause minor overlapping. This can be fixed 
interactively by changing the position of some pa-
ckaged components.  

Mapping of footprints is similar to mapping of 
packaged components in Algorithm Specialised for 
Electronic Components. The geometrical centre point 
of the outline of footprint is used while mapping 
footprints instead of the geometrical centre point of 
packaged components. Two additional steps are per-
formed during the mapping of footprints onto 3D 
object. 

 

// MAPPING OF PACKAGED COMPONENTS 
//  1) The geometrical centre point of outline of packaged component is calculated. 
   CX = (min(x2D) + max(x2D))/2;    CY = (min(y2D)min(L)Y + max(y2D))/2; 
   maxZ = -∞;  int ind = -1; 
//  2) The point on 3D surface matching the geometrical centre point of a packaged component is calculated  (f – the function, 

which calculates the point P on 3D surface, T – the transformation matrix of 3D object, TR – the set of triangles) 
  for (int i = 0; size(TR); i++) { 
         P = f(TRi, CX, CY, T); 
    if (P == null) continue; 
//  3) Determine the triangle of surface, containing the geometrical centre point of a packaged component mapped onto 3D 

surface. 
//  4) Calculate the normal vector at the point P within the triangle. 
    N = f2(TR , P, T); i

    if (N == null) continue; 
    NI = T * N; 
    if (PZ > maxZ){ maxZ = PZ; ind = i;}} 
//  5) The packaged component is mapped so that its surface is as close as possible to the triangle TRind 
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   VI = (0, 0, 1); α = f (NI, VI); S = NI × VI; 
//  M2 – the rotation matrix around the vector S by angle α. 
   M1I = M1 × M2; 
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   M1II = M1I × M3;  
   M4I = M4 × M1II; 
// The transformation of the geometrical centre point of the packaged component. 
   CI = C × M4I; 
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In Step 6 (Figure 1, f), lands contributing to foot-
print are used instead of the outline of the footprint. 
The Lands remain in the same plane as the outline of 
footprint transformed in Step 5. 

In Step 7 (Figure 1, g), each land is processed se-
parately – it is mapped using an orthogonal projection. 
The main difference between mapping of footprints 
and packaged components is obvious in this step. 
Footprints are mapped onto 3D surface completely. 
Therefore packaged components are usually touching 
the surface at a few places only. They are completely 
on the surface only if this surface is plane. 

4. Analysis of Algorithm Specialised for 
Electronic Components  

During the implementation of Algorithm Spe-
cialised for Electronic Components it was determined 
that traces and lands, which were connected initially, 

are not connected after they are mapped onto 3D ob-
ject (Figure 3). So the task of preserving the connec-
tivity between traces and lands has to be solved. The 
traces are mapped using a different algorithm than 
lands – the algorithm based on the orthogonal projec-
tion. Lands and traces would connect after they are 
mapped onto 3D surface if lands would be mapped 
using the algorithm based on the orthogonal projec-
tion. This is shown in Figure 3 as a distorted land. But 
the land mapped using Algorithm Specialised for 
Electronic Components is not distorted (Figure 3). 
Possible solutions for this task are the following: 
1. Transform the vertex of the track so that it would 

connect with the land. 
2. Transform the land so that it would connect with 

the track. 
3. Add an additional linear segment connecting ver-

tex of the track with the land. 
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Centre of projection
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. Figure 3. The loss and reconstruction of connectivity between the 
track and land after the projection onto 3D object 

 
After the analysis of those three solutions, the fol-

lowing drawbacks are noticed:  
  a) A track may intersect with other traces and/or 

lands, which it was not intersecting with in the 
initial design after transforming its vertex. This 
would violate the topology of the initial design. 

  b) Individual transformation of the land is usually 
not acceptable as the position of the land is 
dependent on the position of the terminal of the 
packaged component it is designed to be con-
nected with. The transformation of the land may 
result in a loss of connectivity between the land 
and terminal of the packaged component. 

  c) Addition of a linear segment changes the initial 
design. 

The third solution 
bad consequences than 
here.  

After the analysis 
Electronic Components
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the numbering of edges in triangles. The algorithm 
provided here process triangles against the rectangle 
of the track segment starting at any vertex of the linear 
segment. In this example the sequence is as following: 
4th (the vertex of the track is in this triangle), 2nd 
(adjacent to the 4th triangle), 1st (adjacent to 2nd), 3rd 
(adjacent to 1st), 10th, 9th, 7th, 8th, 6th and 5th. A 
complete tree of triangles processed in this example is 
provided in Figure 5.  

 
Figure 5. Example of the tree reflecting the sequence of 

processed triangles 

The sequence described above is the minimal path 
and is drawn as bold lines in Figure 5. Multiple pro-
cessing of the same triangle is avoided by storing the 
processed triangles in a special list. In the example 
provided in Figure 5, 10 triangles are processed in 25 
iterations. The algorithm described here in the worst 
case can determine and process n triangles needed for 
one-track segment in 3n iterations. Extra (redundant) 
2n iterations are very fast as they are just logical 
comparisons based on the special list mentioned 
above.  

 Calculation time dependence on the number of 
triangles for Algorithm Specialised for Electronic 
Components using two examples named Trial and 
Sensor, respectively. The calculation time is compared 
with the curve reflecting O(n × ln(n)) complexity for 
those examples (Figure 6). 

It can be clearly seen that the calculation time is 
worse than O(n × ln(n)), but better than O(n2). In spite 
of the fact that there are 17 times more packaged 
components in the Sensor example rather than in 
Trial, the calculation time for those examples is not 
much different. Most of the algorithm calculation time 
is spent for analysing triangles and determining 
adjacent triangles. The latter action does not depend 
on the number of packaged components in the initial 
2D design. The calculation time for determining 
adjacent triangles using the same 3D object depends 
on the transformation applied to the 3D object. This 
transformation is indirectly provided by the end-user 
and it is partially random, so the curve reflecting the 
calculation time dependence on the number of 
triangles is not smooth. 

We also compared the calculation time needed for 
the orthogonal projection based algorithm and Algo-
rithm Specialised for Electronic Components (Figure 
7). Four different examples approximated by a dif-
ferent number of triangles are used here. After ana-
lysing diagrams of the calculation time for Trial PCB 
example provided in Figure 7 we can make a conclu-
sion: though Algorithm Specialised for Electronic 
Components is more complex than the algorithm 
based on the orthogonal projection, the calculation 
time differs for bigger examples only (4th 3D object in 
Figure 7).  

The difference between the calculation time nee-
ded for those two algorithms gets even smaller if more 
complex PCB designs are used (Figure 8). The reason 
is already mentioned earlier: a larger part of the calcu-
lation time is spent for analysis of triangles, which is 
independent from 2D design. The order of the comple-
xity of Algorithm Specialised for Electronic Compo-
nents is the same as the order of the orthogonal pro-
jection algorithm (worse than O(n × ln(n)) and better 
than O(n2)). Though theoretical complexity of Algo-
rithm Specialised for Electronic Components is big-
ger, due to the semantic richness of data, this algo-
rithm is processing less graphical primitives than the 
algorithm based on the orthogonal projection. In the 
example provided in Figure 7, the first algorithm pro-
cesses 16 components, while the second – 1990 gra-
phical primitives. In the case of the example from 
Figure 8, those numbers are 277 and 16657, respec-
tively. 
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Figure 6. Calculation time dependence on the number of triangles for Algorithm Specialised for Electronic Components 

 
Figure 7. The comparison of orthogonal projection-based algorithm and Algorithm Specialised for Electronic Components  

using Trial example 

 
Figure 8. The comparison of orthogonal projection-based algorithm and Algorithm Specialised for Electronic Components  

using Sensor example 
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5. Conclusions 

 1. The advantages of Algorithm Specialised for 
Electronic Components are the following:  
a) geometrical models of electronic components 

(packaged components and track width) 
remain the same, or change a little only 
(footprints and padstacks), 

b) the topology of electronic components is not 
altered, 

c) the overlapping of electronic components is 
not caused. 

 2. Algorithm Specialised for Electronic Components 
described in this article is suitable for single sided 
boards and surface mount devices only. 

 3. The calculation time of Algorithm Specialised for 
Electronic Components is of the same order as the 
orthogonal projection-based algorithm (longer 
than O(n × ln(n)), but shorter, than O(n2)). In spite 
of the fact, that, theoretically, the first algorithm 
is more complex than the second one, it has to 
process less geometrical objects due to the 
semantic richness of data it is using.  

4. The relevance of the problems solved in this work 
is proved by a successful deployment of software 
implementations of the algorithms, formulated in 
this work. Software is deployed in companies like 
LPKF, Boeing, NASA JPL and Rockwell Collins. 
In the latter one, the results of this work are used 
in real manufacturing processes. 
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