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Abstract—Printed circuit boards (PCB) are indispensable parts 
of today's electronic equipments. Due to the customer’s demands 
the size of PCBs has been shrinking, while the number of 
components to be mounted on these boards is still increasing. 
Because of highly competitive environment, it is necessary to 
deliver products on time and within budget. Besides that relia-
bility and quality are the most important technical objectives. As 
a result of extremely high volumes (~1Mio pieces/year) the 
appropriate choosing of printed board technology can yield 
significant savings and profit caused by the cost reduction of 
PCB. These facts make the design and the manufacturing of 
boards even more complex and difficult. To reach the previous 
mentioned objectives in our approach we want to exploit the 
advantages of artificial intelligence techniques by extracting 
knowledge from projects in the past. The model will incorporate 
versatile PCB metrics. As a first step this article introduces the 
basic considerations of PCB complexity and the statistical 
evaluation of versatile designs. 

Keywords—PCB complexity; Data mining 

I.  INTRODUCTION 

Designing Electronic Control Unit (ECU) is always a very 
challenging task. It is especially challenging in automotive 
industry. The customers (for instance car manufacturers) are 
choosing such Original Equipment Manufacturers (OEM) they 
are able to provide the best quality and the cheapest product, 
which have to comply even with the strictest standards. OEMs 
also have to pay attention to their internal processes. Due to 
the higher customer expectations, the number of functions to 
be integrated into an ECU is increasing, while board size is 
shrinking. This results in more and more complex schematic 
circuits and denser printed board layouts. Because of the 
numerous requirements such as desired layout area, placement 
restrictions (high current or high frequency components), 
mechanic constraints, electromagnetic emission limits and 
immunity levels (commonly EMC) the routing becomes time 
consuming and very difficult. Unfortunately some of the rules 
are excluding the others making impossible the optimization 
of every parameter. [1] Usually a trade-off analysis is done to 
define which requirements are more important and which one 
is less, so the routing paths and topology can be accordingly 
prioritized. It must be investigated, whether the layout is 
feasible or it is possible to reduce PCB fabrication cost by 

using less demanding technology. At extremely high volumes 
the development costs content in unit price -compared to the 
manufacturing costs- are very low. Every achievement for 
example wiring in 6 layers instead of 8 layers causes 
significant unit price reduction. Unit price must cover the 
profit and the following main costs: 

 Schematic and Layout design 

 Mechanic design and tooling 

 Design validation and simulations 

 PCB Manufacturing and Assembly and Testing 

The following points represent different activities, most of 
them were earlier independent from the others, but it has 
changed principally. Today they are mutually influencing each 
other. The financial success of project depends on two factors: 
Firstly on the previously mentioned fabrication costs, secondly 
on the design costs. Although the design costs are relative low 
at high volumes compared to the fabrication costs, they must 
be kept as low as possible. This imposes the optimization at 
different design stages. 

 Schematic designers are optimizing the cost and 
performance of different circuit solutions. This leads 
generally to cheaper circuit solution, which uses 
discrete components instead of integrated circuits. In 
turn the board will be more complex. 

 Layout designers are trying to minimize net lengths 
and use as simple structures as possible and they 
must reduce the layout design time too (Internal 
costs). 

 Mechanic designers must simplify the construction 
and reduce the amount of material needed (metal or 
plastic case). The mechanical stability may affect the 
routing channels. 

II. RELATED WORK 

The human factor is very important in routing automotive 
mixed signal circuits. Analytic approaches are also known. 
The two main groups are: qualitative and quantitative. [2], [3], 
[4], [5]. These groups can be further divided into subgroups. 
Qualitative approach says that the similarities between the new 
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project data and the existing experience in the past give the 
basics of prediction of layout design time, PCB cost or design 
complexity. Niazi et al. compare, classify and discuss the 
different models in [2]. It is common in all approaches that 
they create design metrics; try to find similarities between 
recent project data and historic designs. They give some 
details on regression analysis, which assumes linear 
relationship. Back-Propagation neural networks (BPNN) on 
the other hand can be used to overcome the disadvantages of 
regression analysis. These methods are analogical. Intuitive 
methods like expert systems, fuzzy systems are trying to store 
the knowledge of experts in form of rule bases. Quantitative 
methods like analytical cost estimation techniques are keeping 
in focus that both design process and manufacturing are made 
of different activities. Utilizing designer’s experience along 
with computer aided technologies would be a powerful 
method in exploring the hidden difficulties and in decision 
making. Choosing the appropriate technology is not trivial and 
the following questions are to be answered: 

 Which methods and PCB metrics are suitable? 

 Is the PCB routable? 

 If not, which constraints are to be changed? 

III. DATA SOURCES AND PREPROCESSING PCB FILES 

The goal is to extract knowledge from a set of PCBs. It is 
essential to find a PCB description format suitable to store 
electrical and geometric objects. There are several file types 
like Gerber (currently RS274X), ASCII, CCZ, Unidat, etc. 
Each of them has advantages and disadvantages as well. 
Gerber files contain the whole panel data, that necessary for 
the manufacturing, but there are no hints related to the netlist 
or to the design considerations. We need information in a 
broad range from tracks to design rules for extracting 
knowledge from the past projects. In Fig. 1 some basic shapes 
are shown. Since PCBs are composed of complex copper areas 
and tracks, these objects can be described with lines and arcs. 
Syntaxes are shown in simplified form: 

PolyLine (x1, y1)…(xn, yn) EndPolyLine 
Arc (xcen, ycen,radius, anglestart, angledelta) EndArc 
Polygon 

Arc (…) EndArc 
PolyLine (…) EndPolyLine 
… 

EndPoly 

 
Fig. 1 Basic PCB Shapes: Arcs, Circles, Tracks, Lines 

To build a knowledgebase the individual PCB files must 
be analyzed. Robust software procedures ensure data integrity 
by checking the files if the most important data structures have 
been initialized. The following main points must be checked: 

A. Empty or only Header files 

The basic task is to filter these files. There is already some 
information in the file but the description is still incomplete. 
For example: units, layer stack up, panel outline are known, 
but there are no routing data or pick and place tags. This kind 
of files can be simply ignored.  

B. Unions of poligons 

In some cases the copper areas are split into many partially 
overlapping regions. It can be later confusing even if the 
overlapping rate is minimal, so a possible solution is to make 
the union of the regions. 

C. Area of polygons and the influence of slots 

Sometimes outlines are concave and contain holes and 
slots. They are constructed from custom sequences of 
polygons as seen in Fig. 2. Practically they can be represented 
with arrays of polygons. In such cases the polygons are 
described with the same data syntax regardless whether it is a 
hole or a copper area. We must therefore identify the 
particular areas, after that it will be possible to find the 
maximum area (Amax). Knowing that, the signs of the 
individual polygons in the array can be determined. Area of 
Slots and holes (Poly2 and Poly3 in Fig. 2) will be negative. 

 

Fig. 2 Outline of a printed circuit board with slots 

D. External Objects 

Because of manufacturing reasons several additional 
objects like drills, patterns, codes and -in special cases-  
electrical components will be placed outside of outline. At this 
stage we must clip the whole PCB region with the outline. 

E. Invalid Area, Excessive pad density 

From technical point of view pad density must have an 
upper limit. As in Fig. 3 an example shows: a 0.5mm pitch 
BGA footprint has 324 bumps per cm2. Suppose two side 
placement of components we get 2×324=648 PAD/cm2 as 
limit. If the value exceeds that empirical limit, it is a sign that 
the unit system must be false. Depending on PCB dimensions 
(for instance 5mm×5mm board dimensions are not real.) the 
real unit must be either cm or inch. 

 
Fig. 3 0.5mm pitch BGA Footprint 

IV. INITIAL CONSIDERATIONS 

Practical way to determine the complexity is the placement 
study (see Fig. 4): placing all the components to the board to 
see if enough space remains for the routing. 
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VIA (e.g. interconnections between layers) density maps 
can be generated to see if there are any hotspots on the panel. 
In Fig. 4 at the right side the critical regions were marked with 
red. There are many other types of maps (Trace direction 
change density, wiring capacity). It would be interesting to 
know which patterns can be detected most frequently. 

 
Fig. 4 a) Component Placement study; b) VIA density map 

V. PRELIMINARY RESULTS 

As first attempt we tried to find some general linear 
relationship between the number of pads (horizontal axis) and 
VIAs (vertical axis) (Fig. 5). Number of pads is definite at 
schematic design phase, while VIAs only at the end of the 
layout design. 

 
Fig. 5 PAD-VIA distribution over the whole data set 

Next we tried to find relationship between the number of 
pads and board layers (Fig. 6). Because of its poor information 
content Layers, PAD count, board area dependence was 
checked. (Fig. 7) The plot shows the situation of different PCB 
stack-ups. The meanings of colors blue, cyan, yellow and red 
are 2, 4, 6 and 8 layer PCBs. 

 
Fig. 6 PAD-Layers relationship 

 
Fig. 7 PAD-Area-Layers diagram 

Previously several PCBs have been evaluated based on 
general statistical properties. To explore the structural 
composition of the schematic, the netlist must be considered 
and evaluated as a graph. Analyzing the schematic based on its 
electrical modules would be a powerful method to find further 
similarities between projects. A metric or semi metric is 
desired which takes into consideration the different component 
groups and the structural features of the circuit. Therefore, we 
calculated the node distribution and the number of 
components in the groups like resistor, capacitor etc. It was 
found that generally GND and VCC have the most nodes. 
Care must be taken to handle this, since the high number 
indicates just the possibility of supply net. Additional methods 
are required to validate it. 

The Jaccard, Cosine, Euclidean metrics were also 
investigated. To test the performance of each metric four 
different configurations of project sets were created: 

 Different versions of a product (product1) 

 Different versions of another product (product2) 

 A mixture of 150 different projects 

 A mixture of 300 different projects 

From statistical point of view we represent the projects 
with <key, value> pairs. The set of projects called P. Making 
the Cartesian product PR ∈ {P×P} it is possible to compare 
them. The Jaccard distance is the fraction of the intersection 
and union of keys but it does not take into account the values. 
Pk and Pl are project k und project l: 

 ��(��, ��) =
|����(��)∩����(��)|

|����(��)∪����(��)|
 (1) 

Cosine metric takes the inner product of values in 
numerator. If a value is zero the numerator will be zero as 
well. 

 ��(��, ��) =
∑ ���������
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Jaccard and cosine metrics are inappropriate to show real 
similarities between projects because of their limitations. 
Euclidean distance takes into consideration not only the values 
of common keys but the values of disjoint keys too. 
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������������
���

�

�∈����(��,��)�

�����

 (3) 

Some results are shown in Fig. 8. The results are arranged in 
a matrix and rows and columns represent the individual 
projects and the color in particular row and column the 
similarity between them. A linear gradient from blue to red 
means the values in a range of [0; 1]. Another interesting 
possibility would be to detect known electrical modules like 
CAN, LIN, DCDC converter, filter circuits.  

 

Fig. 8 Similarity between projects a)Jaccard, b)Cosine, c)Euclidean 
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VI. SIMPLE MODELL TO ESTIMATE PARAMETERS 

Talking about PCB complexity means the estimation of the 
board’s routability at given constraints. Firstly we choose 
board area, number of pads, resistors, capacitors, ICs, 
transistors, diodes as inputs and number of layers and VIAs as 
outputs like in Fig. 9. We have data of approximately 8000 
boards having different sizes and parameters. Recall that, the 
distribution of the projects (see Fig. 7) span over multiple 
decades in each parameter (area, PADs). Simple way could be 
to use multidimensional linear regression. Intuitive approach 
is to choose the following parameters as inputs: number of 
layers (shortly #Layers) and similar #resistors, #capacitors, 
#inductors, #diode, #PADS, board area. M is the number of 
model parameters. 

 �(�) = ∑ ��
�
��� ��	 (4) 

The number of possible training sets is�
�
�
�. In our case 

n=8000 and k is the number of points in the training set. The 
samples were taken randomly with uniform distribution from 

the whole data set and no preliminary assumptions were made. 
Since different products generally composed of different 
electric modules, so it was seen during the visual data analysis 
that the variance of the component count is relative high. To 
get an insight for the distribution of weight k=300 points were 
taken and the corresponding weights were determined. This 
process was 800 times repeated and the distribution in Fig. 10 
was calculated. 

 
Fig. 9 Simple Estimation model 

It was observed that two weights: area and number of pads 
were dominant in the model and were not affected by the size 
of training set. The other parameters depend on the particular 
project, therefore, their variances are higher. 

 
Fig. 10 Distribution of weights (vertical axis is intensity) 

VII. CONCLUSION 

This paper was dealing with the aspects of the complexity 
analysis of printed circuit boards and gave a brief overview on 
PCB data processing. Some problems were detailed 
concerning polygons and dimension. There are different 
methods which are capable to estimate some aspect of a new 
design using design metrics. Several metrics were used to find 
similarities between netlists. We have shown some results at 
different metrics. PCB complexity is composed of diverse 
tasks, since the accuracy of the prediction is determined by the 
similarities of schematic, outline, requirements etc.  

The topic was divided into three sections: 

 Manufacturer’s and printed board technology features 
must be identified 

 Based on priorities and preliminary netlist 
information we tried to find similarities and 
predicting how complex the layout would be. 

 By post processing the layout we would like to 
collect experience on what was good or wrong in the 
past. 

The potential design risks can be estimated by trying to find 
similarities between knowledge and schematic. Artificial 
intelligence based methods are being tested to extract useful 
information. 
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