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Preface

This volume is part of the three-volume proceedings of the 21st International
Conference on Neural Information Processing (ICONIP 2014), which was held
in Kuching, Malaysia, during November 3-6, 2014. The ICONIP is an annual
conference of the Asia Pacific Neural Network Assembly (APNNA). This series of
ICONIP conferences has been held annually since 1994 in Seoul and has become
one of the leading international conferences in the area of neural networks.

ICONIP 2014 received a total of 375 submissions by scholars from 47 coun-
tries/regions across six continents. Based on a rigorous peer-review process where
each submission was evaluated by at least two qualified reviewers, a total of
231 high-quality papers were selected for publication in the reputable series of
Lecture Notes in Computer Science (LNCS). The selected papers cover major
topics of theoretical research, empirical study, and applications of neural infor-
mation processing research. ICONIP 2014 also featured a pre-conference event,
namely, the Cybersecurity Data Mining Competition and Workshop (CDMC
2014) which was held in Kuala Lumpur. Nine papers from CDMC 2014 were
selected for a Special Session of the conference proceedings.

In addition to the contributed papers, the ICONIP 2014 technical program
included a keynote speech by Shun-Ichi Amari (RIKEN Brain Science Institute,
Japan), two plenary speeches by Jacek Zurada (University of Louisville, USA)
and Jirgen Schmidhuber (Istituto Dalle Molle di Studi sull’Intelligenza Arti-
ficiale, Switzerland). This conference also featured seven invited speakers, i.e.,
Akira Hirose (The University of Tokyo, Japan), Nikola Kasabov (Auckland Uni-
versity of Technology, New Zealand), Soo-Young Lee (KAIST, Korea), Derong
Liu (Chinese Academy of Sciences, China; University of Illinois, USA), Kay Chen
Tan (National University of Singapore), Jun Wang (The Chinese University of
Hong Kong), and Zhi-Hua Zhou (Nanjing University, China).

We would like to sincerely thank Honorary Chair Shun-ichi Amari, Mohd
Amin Jalaludin, the members of the Advisory Committee, the APNNA Gov-
erning Board for their guidance, the members of the Organizing Committee for
all their great efforts and time in organizing such an event. We would also like
to take this opportunity to express our deepest gratitude to all the technical
committee members for their professional review that guaranteed high quality
papers.

We would also like to thank Springer for publishing the proceedings in the
prestigious LNCS series. Finally, we would like to thank all the speakers, authors,
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VI Preface

and participants for their contribution and support in making ICONIP 2014 a
successful event.

November 2014 Chu Kiong Loo
Keem Siah Yap

Kok Wai Wong

Andrew Teoh

Kaizhu Huang
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Adaptive Wavelet Extreme Learning Machine
(AW-ELM) for Index Finger Recognition
Using Two-Channel Electromyography
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Abstract. This paper proposes a new structure of wavelet extreme learning ma-
chine i.e. an adaptive wavelet extreme learning machine (AW-ELM) for finger
motion recognition using only two EMG channels. The adaptation mechanism
is performed by adjusting the wavelet shape based on the input information.
The performance of the proposed method is compared to ELM using wavelet
(W-ELMO and sigmoid (Sig-ELM) activation function. The experimental re-
sults demonstrate that the proposed AW-ELM performs better than W-ELM
and Sig-ELM.

Keywords: Wavelet extreme learning machine, adaptive.

1 Introduction

A wavelet neural network (WNN) is a special case of a feed-forward neural network
which its activation function is wavelets [1]. A standard gradient descend can be used
to train the weight of WNN. However, drawbacks of the gradient descent method
such as long training time and easy trapped to local minima have hampered the im-
plementation of WNN in the real-time application [2]. On the other hand, an extreme
learning machine (ELM) was introduced to train a single-hidden layer feed-forward
networks (SLFNs) resulting in a system which is fast and able to avoid a local minima
[3]. Inevitably, WNN can be constructed using SLFNs.

The combination of ELM and WNN can be conducted by simply replacing the ac-
tivation function of ELM with wavelets [4] [5]. This is the simplest unification of
both networks as has been done in [5]. Cao et al. [6] introduced a new combination of
these two algorithms by proposing a composite function of WNN with ELM. In this
method, they implemented two activation functions, a wavelet function and any piece-
wise function which are done in order.

Another new unification of ELM and WNN was proposed by Javed et al. [7] who
proposed a summation wavelet extreme learning machine (SW-ELM). Same as Cao,
Javed et al. utilized two activation functions but employed them in different ways.

C.K. Loo et al. (Eds.): ICONIP 2014, Part I, LNCS 8834, pp. 471-478, 2014.
© Springer International Publishing Switzerland 2014
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These two activation functions were done in parallel and their outputs were averaged
to be the output of the hidden nodes.

This paper proposes an adaptive wavelet extreme learning machine (AW-ELM), a
new unification of ELM and WNN. According to WNN structure, the proposed
system utilizes a wavelet function as the activation function in the hidden node.
However, the activation functions are not fixed but they are adjusted regarding to the
changing in the input. The sigmoid function is used to process the input information
and produce translation parameters of the wavelets in the related hidden-node. In this
paper, the performance of AW-ELM will be tested to classify the finger motions from
the surface Electromyography signal (EMG) extracted from two-channel sources on
the forearm. In addition, its classification performance will be compared with two
types of ELM, ELM with wavelet activation function (W-ELM) and sigmoid activa-
tion function (Sig-ELM).

The organization of the paper is as follows: section 2 describes the theory of W-
ELM and AW-ELM, and the implementation of AW-ELM for finger motion classifi-
cation. Then section 3 and 4 presents the results and the discussion. Finally section 4
will conclude this paper.

2 Methods

2.1 Wavelet Extreme Learning Machine (W-ELM)

W-ELM can be considered as a special case of extreme learning machine which its
activation function is wavelets. The output function of W-ELM for arbitrary samples
(x1.t,) € R" x R° with M hidden nodes is

fik (X)zzvijl//ajbj (wjacjaxk) l :192’“"0 (1)
where
1 =b;
Wapj (X ) = l//[x ’ j j=12. M (2)
\/Z i

in which a; and b; are dilatation and translation parameters of the wavelets, respective-
ly. An initialization of dilatation and translation parameters, a; and b;, in WNN is an
important issue. The initialization should consider the input information in order to let
the time domain of the wavelet covering the input domain. According to [1], suppose
the input vector x; has the domain [Xg,i » Ximaxl ¢ and o are the centre and the radius
of the mother wavelet ¥, , then domain of ¥, is given by:

[bj+ait —0) , bj+aft +0)]

Meanwhile, the input information range for ith hidden layer can be calculated as:
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[ Wiimin + Dy Wit |

where wj; is the weight connecting the jth hidden layer the ith input. The wavelet can
cover the input space if

% * N
bj +aj(t _O-):lelel-xlmln (3)
and
by +a;(t" +0) =Y W X 4)

From equation (9) and (10), we can calculate a; and b; as:

N
j (ZW X max ijiximinj &)

i=1

j20'

(Zw B F(o" -1 )+Zw X, (07 +t )J (6)

2.2 Adaptive Wavelet Extreme Learning Machine (AW-ELM)

The Proposed Structure
The proposed AW-ELM is depicted by Fig. 1. If M 1s the number of hidden node and
N is the number of input, then the input of the hidden layer P; is given by

(7

Fig. 1. The proposed adaptive wavelet extreme learning machine
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where x; are the input variables, wj; are the weights of the connection between ith in-
put and jth hidden nodes, and c; denotes the bias of jth hidden layer. Using equation
(8), the output of the hidden node is given by:

P;(x)—b;

quUv@)%=w( j, j=12,...M (8)

aj

In this proposed work, the Mexican Hat function [6] is used as the mother wavelet
Wi as described in fig. 2a, and defined as

p(x)=e""(1-x) )
Therefore, the wavelet activation function of AW-ELM is:

Vi, (P)) _ (1—(’) 1 b, N (10)

a;

ns g 04

(=]

-4 -z 0

X

-i5! : : - -l

S
N
20

(a) (b)

Fig. 2. Two difference functions used in this work: (a) The mother wavelet of the Mexican hat
(b) A nonlinear function to produce b;

In this proposed AW-ELM, the dilatation parameters q; are fixed and initialized us-

ing Equation (5). As for the translation parameters b;, they are varied according to the
input information and driven by a nonlinear function f(.) as follows:

by =f (P;) (11)

where

f(P)=

ol (12)
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as depicted in Fig. 2b. Eventually, a new structure of an adaptive W-ELM is presented
in Fig. 1. A small circle on the top of each hidden node is used to adjust the b parame-
ters in order to change the shape of the wavelet. Thus, the output of AW-ELM is:

[ =D VoW W e x)=) V Was, (P (%)) i =1,2,..,0 (13)

j=1 j=1

The Learning Algorithm
For the desired output:

D:(le dg dZ)on (14)

The AW-ELM described in (13) can be written as a linear system as follows:
HV=D (15)

where

War (Pi(X1)) o Wy (Pu (X))
H= : 5 : (16)
l//albl (Pl (XL )) ‘//aM by (PM (XL )) LM

V=0 vi = V5)mo (17)
V can be obtained by solving the least-square solution of (15) and given by:
V=HD (18)

where H' is the Moore-Penrose generalized inverse of the matrix H.
The training algorithm of AW-ELM can be implemented as follows:

Algorithm of AW-ELM. Given a training set & = {(x;,t;) | x; € R", t; € R°, k =

1,2..., L}, the hidden node output function ¥,;,(w, ¢ ; x) and the hidden node number

M:

(1) Randomly assign vector matrix W and initialize the hidden node parameters a;, ]
= 1,2,.., M according to (5)

(2) Calculate the input hidden layer P; in (7)

(3) Calculate b;in (11) and (12)

(4) Calculate the hidden layer output H in (16)

(5) Calculate the output weight V in (18)

2.3 AW-ELM for Finger Motion Recognition

The proposed recognition system consists of the same stages as depicted in Figure 3.
Firstly, signals from two-channel EMG located on the forearm were acquired by a


http://repository.unej.ac.id/
http://repository.unej.ac.id/

476 K. Anam and A. Al-Jumaily

data acquisition device from eight subjects. The experimental procedures for the data
acquisition could be referred to [8]. Then the filtering and windowing was applied to
the collected data before being extracted using a time domain (TD) and autoregressive
(AR) features.

Data . . . Classification: Evaluation
N . . Feature Dimensionality X
acquisition Filtering and : . Sig-ELM performances:
. N Extraction: |— reduction:
from two- windowing TD-AR SRDA W-ELM Accuracy
channel EMG AW-ELM ANOVA test

Fig. 2. The motion finger classification using AW-ELM

The features were extracted from the time domain feature set which consists of
Waveform Length (WL), Slope Sign Changes (SSC), Number of Zero Crossings
(ZCC), and Sample Skewness (SS). In addition, some parameters from Hjorth Time
Domain Parameters (HTD) and Auto Regressive (AR) Model Parameters were in-
cluded. To reduce the dimension of the features, SDRA was employed. All features
were concatenated and reduced using SRDA. SRDA is an extension of LDA that can
deal with singularity and a large data set. The 200 ms window length was applied to
the signal to comply with the real time application along with a 25 increment.

The reduced feature set resulted in the previous stage is utilized in the classifica-
tion. The objective of the classification that was performed using AW-ELM and other
ELM classifiers is to recognize ten classes of the individual and combined finger
movements consisting of the flexion of individuated fingers. They consisted of
Thumb (T), Index (I), Middle (M), Ring (R), Little (L) and the pinching of combined
Thumb-Index (T-I), Thumb—Middle (T-M), Thumb—Ring (T-R), Thumb-Little (T—
L), and the hand close (HC). Finally, statistical analyses were performed to validate
the result.

3 Results and Discussion

In this section, the performance of the proposed AW-ELM was compared to wavelet
extreme learning machine (W-ELM) and sigmoid extreme learning machine (sig-ELM).
All classifiers classified ten finger motions using EMG signal from two channel elec-
trodes. The four-fold cross validation was used to validate the classification results.
Simulation was done in the MATLAB 8.3 environment running on 2.8 GHz PC.

Table 1 shows the classification results of three classifiers in recognizing ten finger
motions classes defined in 2.4. In all ELMs, the number of hidden nodes varied from
50 up to 500. The results indicate that the average accuracy the proposed of AW-ELM
was higher than standard W-ELM in all cases. Likewise, the AW-ELM performance
is better than Sig-ELM in all hidden node numbers except 50 and 75. In these two
hidden numbers, the Sig-Elm achieved better accuracy that AW-ELM. Overall, the
adaptation of wavelet shape using a sigmoid function in AW-ELM could enhance the
performance of the original wavelet extreme learning machine and in several condi-
tion, could attain better performance than Sig-ELM.
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Table 1. The average classification accuracy of AW-ELM across eight subjects using four-fold
cross validation compared with W-ELM and Sig-ELM

# Hidden Node Accuracy (%)
W-ELM AW-ELM Sig-ELM
50 91.07 £0.17 91.57 £0.08 91.65 + 0.08
75 91.56 £0.14 91.93 £0.14 91.97 +0.10
100 91.79 £0.10 92.05 £0.09 92.01 £0.08
125 91.90 £0.08 92.08 £0.09 92.03 £0.10
150 91.94 £0.11 92.06 +0.10 92.04 £0.10
175 91.98 £0.09 92.06 =0.09 92.04 +£0.08
200 91.99 £0.08 92.04 +£0.08 92.01 +0.06
500 91.79 £0.08 91.56 £0.06 91.37 £0.06

Table 2. Processing time of different ELM classifiers

#Hidden Training Time (s) Testing Time (s)
Node W-ELM AW-ELM Sig-ELM W-ELM AW-ELM Sig-ELM
50 0.16 £0.01 0.19+£0.02 0.12+0.00 0.03+0.00 0.06+0.00 0.01+0.00
75 0.28+£0.01 0.33+£0.01 0.19+£0.00 0.06+0.01 0.07+0.00 0.02+0.00
100 0.38+0.02 045+0.02 0.27+0.01 0.07+0.00 0.10+0.00 0.02+0.00
125 059005 0.70+£0.06 048+0.07 0.09+0.00 0.14=+0.00 0.03+0.00
150 0.71+£0.01 0.81+£001 051+x001 0.12+0.00 0.19x0.01 0.04=x0.00
175 0.93+£0.06 1.06+0.05 0.69+0.05 0.14+0.00 0.22+0.00 0.04+0.00
200 1.07+£0.08 1.22+005 0.85+0.06 0.17x0.00 0.26+0.00 0.05=0.00
500 420+£0.08 542+0.08 2.82x0.10 0.75+0.01 1.28+0.01 0.12+0.00

In terms of processing time, the ELM using a sigmoid function (Sig-ELM) spent
less training time than W-ELM and AW-ELM in as shown in Table 2. Table 2 shows
that the larger the number of the hidden node, the longer the time difference between
AW-ELM and Sig-ELM. Likewise, in the testing time, AW-ELM is the slowest sys-
tem. The adaptive mechanism adds the processing time in both the training and test-
ing trials.

Table 3. The p-value of anova test on the classification accuracy between AW-ELM and other
tested classifiers

#Hidden p-value
Node AW-ELM & W-ELM AW-ELM & Sig-ELM
50 0.0000 0.0000
75 0.0000 0.1283
100 0.0000 0.0006
125 0.0000 0.0610
150 0.0000 0.3477
175 0.0021 0.5746
200 0.0098 0.0552
500 0.0000 0.0000
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The one-way ANOVA test was done to evaluate the improvement significance of
AW-ELM compared to W-ELM and Sig-ELLM as presented in Table 4. Table 4 shows
that p-values on the comparison of AW-ELM and W-ELM are less than 0.05. In other
words, the performance improvement in recognizing ten finger motions by AW-ELM
is significantly achieved. Furthermore, the performance of AW-ELM and Sig-ELM in
some cases is significantly different in the hidden number node 50, 100 and 500 whe-
reas it is significantly similar in other hidden node numbers. Nevertheless, the AW-
ELM produced better accuracy in most trials than Sig-ELM.

4 Conclusion

This paper proposed a novel ELM i.e. an adaptive wavelet extreme learning (AW-
ELM) for recognizing finger motions using two-channel EMG signals. The adaptation
mechanism of the proposed method is conducted by adjusting the shape of the wave-
let based on the information provided in the input. The experimental results showed
that the proposed AW-ELM improved the performance of the original wavelet ELM
in all cases tested and performed better than Sig-ELLM in most cases observed. In the
future, the performance of AW-ELM should be compared with other well-known
classifiers such as support vector machine (SVM) and Linear Discriminant Analysis
(LDA).
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