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APRESENTACAO

Atecnologia esta ganhando cada dia mais espaco na vida das pessoas e em tudo
que as cerca. Compreende-se por tecnologia todo o conhecimento técnico e cientifico
e sua aplicacao utilizando ferramentas, processos e materiais que foram criados e
podem ser utilizados a partir deste conhecimento. Quando, para o desenvolvimento
da tecnologia estédo envolvidos sistemas biol6gicos, seres vivos ou seus metabdlitos,
passa-se a trabalhar em uma area fundamental da ciéncia, a Biotecnologia.

Toda produgéo de conhecimento em Biotecnologia envolve areas como Biologia,
Quimica, Engenharia, Bioquimica, Biologia Molecular, Engenharia Bioquimica,
Quimica Industrial, entre outras, impactando diretamente no desenvolvimento das
Ciéncias Biologicas e da Saude. A aplicagéo dos resultados obtidos nos estudos em
Biotecnologia esta permitindo um aumento gradativo nos avancgos relacionados a
qualidade de vida da populacéo, preservacéo da saude e bem estar.

Neste ebook & possivel identificar varios destes aspectos, onde a produgao
cientifica realizada por pesquisadores das grandes academias possuem a proposta
de aplicagdes que podem contribuir para um melhor aproveitamento dos recursos
que a natureza nos oferece, bem como encontrar novas solugcdées para problemas
relacionados a manutencéo da vida em equilibrio.

No volume 2 sao apresentados artigos relacionados a Bioquimica, Tecnologia em
Saude e as Engenharias. Inicialmente é discutida a producéo e acao de biocompostos
tais como acido hialurénico, enzimas fungicas, asparaginase, lipase, biossurfactantes,
xilanase e eritritol. Em seguida sdo apresentados aspectos relacionados a anélise
do mobiliario hospitalar, uso de oxigenoterpia hospitalar, engenharia clinica, e
novos equipamentos utilizados para diagnéstico. Também sdo apresentados artigos
que trabalham com a tecnologia da informacdo no desenvolvimento de sistemas e
equipamentos para o tratamento dos pacientes.

No volume 3 estao apresentados estudos relacionados a Biologia Molecular
envolvendo a leptospirose e diabetes melitus. Também foram investigados alguns
impactos da tecnologia no estudo da microcefalia, agregacéo plaquetéaria, bem como
melhorias no atendimento nas clinicas e farmacias da atencao basica em saude.

Em seguida discute-se a respeito da utilizagcdo de extratos vegetais e fungicos
na farmacologia e preservagcdo do meio ambiente. Finalmente sdo questionados
conceitos envolvendo Educacdo em Saude, onde sao propostos novos materiais
didaticos para o ensino de Bioquimica, Biologia, polinizagao de plantas, prevencédo em
saude e educacgao continuada.

Christiane Trevisan Slivinski
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CAPITULO 21

HUMAN KNEE SIMULATION USING MULTILAYER
PERCEPTRON ARTIFICIAL NEURAL NETWORK

Ithallo Junior Alves Guimaraes
Universidade de Brasilia (UnB), Faculdade Gama
(FGA)

Brasilia — Distrito Federal

Roberto Aguiar Lima
Universidade de Brasilia (UnB), Faculdade Gama

(FGA)
Brasilia — Distrito Federal
Vera Regina Fernandes da Silva Maraes

Universidade de Brasilia (UnB), Faculdade Gama
(FGA)

Universidade de Brasilia (UnB), Faculdade
Ceilandia (FCE)

Brasilia — Distrito Federal

Lourdes Mattos Brasil

Universidade de Brasilia (UnB), Faculdade Gama
(FGA).

Brasilia — Distrito Federal

ABSTRACT: This work intends to show the
usage of a Multilayer Perceptron Artificial Neural
Network (MLP ANN) to simulate the human
knee, more precisely, its angular velocities. The
MLP was chosen due to its ability to converge in
non-linear problems and, so, form more complex
separating boundaries for the problems. This
is an open source project and its source code
is available at https://github.com/rob-nn/mlp_
knee.

KEYWORDS: MLP, ANN, Back-propagation.
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11 INTRODUCTION

Artificial intelligence techniques are very
common in modern days, and are even invisible
most of time. They are used from websites,
prediction making, cellphones up to medical
purposes.

This paper is based on a previous paper
(LIMA et al., 2015), which discusses about the
use of a Cerebellar Model Articulation Control
artificial neural network (CMAC ANN) in order to
predict and simulate the behavior of the human
knee. Here, the use of Multilayer Perceptron
Artificial Neural Network (MLP ANN) is shown
in order to simulate its angular velocities. As it
suggests, the MLP comes from the perceptron,
which, according to Begg; Lai; Palaniswami
(2008), mimics the basics of mammalian visual
system and is an example of the simplest
feedforward network, consisting of a single
neuron. MLPs consist of at least three different
layers of perceptrons, input layer, hidden layer
and output layer.

The MLP is used due to the fact that the
single perceptron cannot converge for non-
linearly separable problems (BEGG; LAl;
PALANISWAMI, 2008). It has some features
that, according to Haykin (2008) should be
highlighted, such as: the existence of one or
more hidden layers from both input and output
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nodes; the fact that all the neurons contain a non-linear differentiable function and the
high degree of connectivity present in this network (“fully connected”, each node in
all the layers is connected to all nodes in the next layer (BEGG; LAI; PALANISWAMI,
2008)). The MLP shown in this paper uses the back-propagation algorithm to set the
weights of its nodes accordingly to the data fed into the network. This algorithm has
its name because the computation of the error goes from the output layer back to the
first hidden layer (NG, 2016), the input does not enter in the calculation as it is just the
features observed on the training set (NG, 2016).

Thus, it can be seen as a very important machine learning technique which may
be used in applications of biomedical engineering, such as developing better and more
precise active prostheses that would improve life quality for the ones that depend on
them.

2| MATERIALS AND METHODS

The methods and materials for this paper were based in Lima et al. (2015) and it
comes as modified version of it. The Figure 1 was modified from Lima et al. (2015) and
shows the steps for the simulation suggested.

@ata Acquisitina

E(inematic Calculatiuna

'

(MLP Cunfiguratinn)

(' Simulation )

Figure 1: Steps for the simulation process.

Data Acquisition — The data used to train the MLP was obtained from a subject
in the Human Performance Laboratory at Faculty UnB-Ceilandia. According to Lima et
al. (2015), the data was acquired using twelve cameras (Qualisys Oqus MRI), passive
body markers and the Qualisys QTM 3.2 software package. Motion capture techniques
were used here to obtain the data. A healthy female subject was selected and she
repeated a walk of about five second for five times. The markers used were distributed
along 40 positions on the inferior limbs of the subject. The data generated comes
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from one of the walks and had its beginning and ending cut in order to constitute a
comfortable gait cycle (LIMA et al., 2015).

The data acquisition process was approved by the Health Faculty Ethics Committee
from UnB, protocol N11911/12 (LIMA et al., 2015).

Kinematic Calculations — Octave was used on the computation processes. The
data from the Qualisys QTM was exported to the MATLAB format, as it is possible
(QUALISYS, 2016). MATLAB files can be read by Octave, as they are mostly compatible
(GNU OCTAVE, 2016).

Equation (1) shows how to obtain the angles (LARSON and EDWARDS, 2010).

6 = cos™! i (1)
et

The angles came from malleolus, knee and trochanter from both legs. Then, the

knee was set as origin of the system and the relative positions of the other elements
were calculated. After this, the angles could be calculated using (1). Calculations were
done separately for each limb.

The velocities and angular velocities were calculated, respectively, by the difference
of an angle and its predecessor and the position in the space and its predecessor
divided by a time t. The time tis fixed and given by the time between samples. For this
case, as the sampling rate was 60 frames per second, so, tis about 17 milliseconds.

Angular accelerations were calculated using a similar fashion.

MPL Configuration — Nine input signals were used in order to predict one output
signal. The used signals were the angular velocities, angles and angular accelerations
from the left knee and the velocities from both knees (composed of three velocities for
the planes x, y and z each).

The output signal (predicted one) was the angular velocities from the right knee.
The implemented MLP use biases and is composed of two hidden layers of forty
elements each, one input layer and one output layer, summing up four layers, these
parameters were set based on a trial and error basis. This is a feedforward trained
using the back-propagation algorithm. It used the hyperbolical tangent function, shown
in (2), as activation function (BRASIL; AZEVEDO; LIMAO, 2000).

et —e™
tanhx = ——— )
et +e™*

The learning parameters (learning rate and momentum constant (HAYKIN,
S., 2008)) were set using an external code to generate random number in a range
between 0 and 1. Then the numbers were passed to the network and tried, the best
fitted ones (the ones with the least error) were selected. This process was repeated
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for several times and resulted in the following values for learning rate and momentum
(respectively) 0.043142 and 0.0033804.

The error function for this problem is given by the cost function. The cost function
is said by Ng (2016) to be a generalization of the one used for linear regression.

Simulation Details — In order to implement this simulation, the Octave software
was used. Octave is a high-level interpreted language primed for numerical computations
and it comes as free software (GNU OCTAVE, 2016).

A MacBook Pro (mid 2014) running OS X EI Capitan (version 10.11.5), processor
2.8 GHz Intel Core i5, RAM 8 GB was used to run the code, using Octave 4.0.0.

The data gotten from the subject is depicted below on Figure 2. This figure was
generated from the data obtained from the subject by the software developed by Lima
(2015). Its parameters and separations were based on the work of Perry and Burnfield
(2010).

Angular Velociteis for right knee
200F g MSt Tst Psw |\ Isw MSw  TSw

150

100

50

Degrees/Seconds

-100

-150

I 1 1

0 20 40 60 80

Percentual Gait Cycle

Figure 2: Angular velocities for the right knee of the subject.

Not all data gotten were used to train the network. After filtering the data that
would be used as input (nine signals that were mentioned before), a process samples
randomly about sixty percent of the original data and passes it to the network for training.
After the training, the remaining forty percent is passed to the network to plot the results
and it is plotted alongside with that. Therefore, each time the network is trained it uses
different data. Results shown here were made using this procedure.

The initial weights were set randomly in a range from -0.2 to 0.2.

The code was set to run for 200 iterations before its results were plotted. Two
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plots were generated; one that shows the error decreasing across the iterations and
another for results, showing the predicted data (output of the neural network) and the
randomly sampled data.

31 RESULTS

The code developed was used to predict the angular velocities of a knee, based
on its velocities and the data from the contralateral knee. The Figure 3 shows how the
error decreases across the generations for the MLP. Figure 4 shows the desired output
compared to the obtained one. The results were obtained for one patient and came
from a small amount of initial data, considering that the original data were separated
into two parts, one for training and another to get the results shown, these results can
be considered relevant.

Error per iteration

200 :

150

50

L | " L L " L 1! L I I L 1 1 L I L
0 50 100 150 200
Iterations

Figure 3: Error decreasing as the number of iterations increase.
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Results
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Figure 4: Results from the network.

4 | DISCUSSION

Figure 2, which shows the plot for angular velocities from the right knee of the
subject using all the data can be compared to the plot on Figure 4. They show to be,
somehow, different, it happens due to the fact that the training set of the network was
a sample of the data gotten from the patient, as afore mentioned.

The results could be improved using bigger amounts of data (for instance, a
greater sampling rate, a greater number of subjects, etc.) and it should be done for
future works. Convergence of the ANN can be seen as it uses different data for training
and obtaining results.

This work opens up possibilities for real world applications such as powered
prosthesis and software for gait analysis. The technique could be used in order to
get similar results as the ones gotten by MIT on its world’s first powered ankle-foot
prosthesis (MIT MEDIA LABORATORY, 2016).

There is a current project on developing a powered transfemoral prosthesis which
the authors take part and it has MLP ANN as one of possible techniques to be used.

In practical perspective of building prosthesis, the usage of the data afore
mentioned implies in putting sensors on the knees, which might have a high level of
annoyance for the patient. Data from others inputs, such as from electromyography
or from pressure sensors for instance, could have been used in order to achieve the
obtained results, but they were not available at the time this paper was written.
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51 CONCLUSION

This paper showed the usage of MLP ANN in order to predict the angular velocities
of a human knee.The results obtained from the ANN are alike the real ones, although,
many differences can been seen.

The software developed while this paper was written is open source and given
under the terms of the MIT License (MIT) (OPEN SOURCE INITIATIVE, 2016) to
anyone who wishes to use it. The source code is available at https://github.com/rob-
nn/mlp_knee.

This work has to continue in order to improve its results, getting closer to the real
signal, using less input signals, using another input signals or even developing a real
world application such as software for gait analysis or even powered prosthesis with
this model of ANN.
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