






















Centro de Electrónica Industrial (CEI) | Universidad Politécnica de Madrid | cei@upm.es | www.cei.upm.es 

Project  
sponsored by 

Summary. Predictive systems are very useful when the future state of a system is sought in order to anticipate and to 
react to a particular circumstance. If the system is non-linear, particle filters will be the best solution. 
Many applications require real time performance, therefore a hardware implementation of the particle filters is the 
key, moreover a parallel architecture could speed up the performance. In addition, an adaptive capability will be 
included to allow the system adapt its behavior depending on the situation taking into account factors like precision, 
consumption or real time requirements. 

Particle Filter Overview 

Advantage 

I propose an adaptive hardware architecture for particle filters that could be a good approach to real time predictive systems due 
to the versatility of its characteristics. This architecture will adapt itself taking into account different criteria for every particular 
circumstance. An increasing in the performance of the parallel particle filter is expected, comparing it with the sequential version. 
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Adaptive Hardware Parallel Particle Filter 
David P. Daza 

Particle Filter is an estimation algorithm used to predict the future state of a system which changes over time. 

Parallel Particle Filter 

State of the art 

Objective and Proposed Architecture 

Particle Filter is executed sequentially therefore: 

 Based on Monte Carlo methods. 

 Suitable for Non-linear systems with 

Non-Gaussian noise. 

 Use of particles (samples of the state) 

and weights (certainty of this state). 
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 Just one particle is computed at one time. 

 The computed time depends on the number of particles (N) 

and the time until the first particle is computed (L). 

Using a Parallel Particle Filter: 

Multiple particles are computed at one time. 

 The computed time depends on the number of particles (N) 

and the time until the first particle is computed (L) and the 

number of parallel modules. 

To obtain good results the modules must exchange 
information or particles among them. 

 To use K modules with N/K particles each one: 

 Use each module as a “big particle”. 

 

 

 

 Exchange particles among modules 

 Use a specific resampling strategy as Independent 

Metropolis-Hastings 
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Main goal Proposed architecture 

Implement an adaptive hardware parallel particle filter 
suitable for embedded applications which uses 
different number of particles in each module. 

𝒕𝑮𝒍𝒐𝒃𝒂𝒍 = 𝟐 · 𝑵 + 𝑳 − 𝟏 · 𝑻𝑪𝑳𝑲 

𝒕𝑮𝒍𝒐𝒃𝒂𝒍 𝑷𝒂𝒓𝒂𝒍𝒍𝒆𝒍 = 𝟐 ·
𝑵

𝑲
+ 𝑳 − 𝟏 · 𝑻𝑪𝑳𝑲 
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Summary. Adaptive systems are a very good solution for knowledge reutilization in different environments. This kind 
of systems allows to adapt itself to environment changes due to the fact that learning is achieved at execution time. 
The main idea of this work is to combine adaptation and cooperation in order to increase the system reliability 
applying a particle filter to find an optimal weight combination. The output of the particle filter allows to weight 
several solutions which will be managed by the cooperative model in order to provide a unique final system result. A 
higher hit rate is expected by handling properly the solution set and the weights combination.   

COOPERATIVE WEIGHTED MODEL 

PARTICLE FILTER 

Application of the particle filter 

Text 
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Cooperative learning model for a more 
reliable embedded intelligent system  

Mónica Villaverde 

Reference application: Object detection and identification. 

A cooperative model allows to consider more than one 

interpretation of the same problem. 

Weighted procedures are a good solution to increase the system 

reliability since they are able to give more importance to some 

devices and leave others out. 

 The influence of the environment and the context could be also 

reduce using an appropriated cooperative weighted model. 

There are many ways to weight each individual solution and this work is focus on 
finding a good equilibrium among all partial solutions giving an appropriated 
weight combination by using the concepts of a particle filter. 

  Each node weights all the identifications using its own particle filter 

giving a weighted solution. 

 Each particle represents a weight combination. 

 The cooperative solution is considered as the real measure.  

 

 Particle evaluation. Valid particles selection using the cooperative solution. 

 Particle generation. New particles generation: duplicate the “chosen” ones. 

 Particle updating. Gaussian noise (dispersion) to avoid particle degradation. 

 Particle selection. Mean of every particle values. 

 Cooperative solution will be given by majority among the weighted solutions. 

 

 
Results 

Identification 1 
• Initial weights 

• Cooperative result 

• Weights modification 

Identification 2 
• A priori weights 

• Cooperative result 

• Weights modification 

Identification ‘n’ 
• A priori weights 

• Cooperative result 

• Weights modification 

… 

Initialization 
(random) 

Weight combination 
for node 1 

Weight combination 
for node 2 

Weight combination 
for node 3 

Algorithm 1. Majority Algorithm 2. Global weighting 

Algorithm 3. Conditioned weighting Algorithm 4. Local weighting + Majority 

In spite of the particle filter converges, the system does not improve as expected. The reason is that learning is not specific for each 
category (types of the identified objects). It means that the system learning evolves without considering categories and weight 
modification is changing in a non-controlled way. Therefore, the solution could be that each node manages more than one particle 
filter (one per category). In this case, the weight evolution will be different for each category and this allows to learn each one 
independently achieving an appropriated weight combination for every case. 

NODE 1 NODE 2 

NODE 3 
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Summary. There is a strong tendency in aircraft designs towards a More Electrical Aircraft (MEA). Airborne converters 
need to have high efficiency and power density. This posters shows the design of a 10kW isolated converter with a 
series resonant tank in order to have soft transitions in all of the devices. This project is a collaboration with Airbus and 
Indra in the AIR (Aircraft Isolated Rectifier) project  
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Series Input-Parallel Output 10kW converter based on Series Resonant 
Dual Active Bridge topology for High Efficiency Aircraft Application  

Yann E. Bouvier & Ángel Martínez  

Topology Overview 

Primary Bridge 

Resonant Tank 

Transformers 

Secondary Bridges 

Resonance Switching Devices Transformers 

 IPW65R037C6 is a MOSFET of 

Coolmos technology. The Voltage 

rating is 650V in order to take 

into account the derating. 

Primary MOSFET 96W 

Secondary MOSFET 80 W x 2 

Transformers 25 W x 2 

Resonant Inductor 10 W 

Resonant Capacitor 3 W 

Output Capacitor 4 W x 2 

Input Capacitors 0,2 W 

Prototype 

Resonant Inductor 

Input Voltage 400 V 

Output Voltage 28 V 

Output Power 10 kW 

Resonant  / Switching Frequency 10 kHz 

The Series Resonant Dual Active Bridge converter is a valid solution for an isolated airborne application, it uses the resonance to 
achieve soft switching in the devices and decrease the amount of losses in the system, this allows for the increase of the switching 
frequency and the optimization of the magnetic components. The estimated efficiency has been calculated at 96.8%. 

 Soft switching is achieved in all transition 

with the help of the resonant current 

shape. 

 

 The series input parallel output double 

transformer configuration allows for more 

transistors in parallel without driving 

problems. Also each transformer turns 

ratio is decrease by half from 14:1 to 7:1 

making the design easier. 

 

 Duty cycle is fixed at 50% so the output 

voltage is not regulated. The rectifier is 

then in charge of the regulation of this 

system. 

 

Resonant Capacitor 

External resonant inductor 

is needed because 

instead of using the 

transformer leakage in 

order to improve the 

quality factor as 

explained. 

 

The external inductor was 

designed with a toroidal 

powder core and Litz-wire. 

Resonant capacitor are in series in 

the topology so they handle a high 

amount of current. 

For this, two types of capacitors were 

chosen for test, film capacitors and 

ceramic capacitors. 

Film capacitors are better at handling 

the current but ceramic are better for 

the power density. 

In order for the topology to work properly, the current 

need to be resonant at the right frequency. This 

frequency is defined by the values of the resonant 

inductor and capacitor. 

However, the quality of the resonance is highly 

dependent on the parasitics of the components and 

also the overall resistance that is causing damping. 

Transformers are made with a 

mix of copper pletinas in 

parallel for secondary for the 

high amount of currents  and 

Litz-wire for primary in order to 

minimize high frequency 

effects. 

 

The core is made of two 

nanocrystalline U shape cores 

stacked in a E shape. 

S1   S4 S2   S3 

To achieve a better quality factor 

the value of the inductor was 

increased to 6µH. 

 IPB100N04S2L-036 is a 

MOSFET of Optimos technology. 

The Voltage rating is 40V. 

𝑸 =
𝟏

𝑹
 
𝑳

𝑪
  

The quality factor is also dependent on the resistance 

of the components. Secondary component are critical 

in this matter because of the 14:1 turns ratio. This 

problem is solved by putting more in parallel with the 

two output bridge topology. 

η = 96.8% 

LR = 6 µH 
CR = 420 nF 
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