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Abstract: This work proposes the development of an 
electroencephalography (EEG) and surface 
electromyography (sEMG) wireless system for a robotic 
walker. The goal is to validate its performance at the 
front-end channels through steady state visually evoked 
potential (SSVEP) and events-related 
desynchronization/ synchronization (ERD/ERS). The 
frequencies employed in the SSVEP are captured on the 
occipital region through FP1-O1 EEG electrodes. 
Furthermore, ERD/ERS pattern are obtained on the 
cortical motor areas through C3-FZ and C4-FZ 
electrodes during button movements with index finger 
of the right hand. In addition, the myoelectric activity 
(sEMG) of the peroneus longus muscle is obtained 
during ankle flexion-extensions. The front-end designed 
can be used to obtain motor patterns from the brain and 
muscle activities. 
 
Keywords: EEG, sEMG, ERD/ERS, robotic, wireless 
sensor, walk. 

Introduction 

At UFES/Brazil we are developing a hybrid 
exoskeleton, which consists of both a lower limb active 
orthosis, model EXO-H2 [1], and the UFES’s Smart 
Walker [2], as an option to have a complete system for 
gait rehabilitation (Figure 1). This system uses an 
adaptive control based on human intention for the knee 
control, through EEG and sEMG signals in order to 
detect the human motion onset [3]-[4]. 

The principal components correlated with movement 
planning are found on the motor primary and 
supplementary motor cortex, in the range of 8.0 to 12 
Hz (µ rhythmic), 18 to 26 Hz (β wave) and 0.1 to 4 Hz 
(slow cortical potential) [3][5]. On the other hand, 
sEMG signals have typical amplitudes from 10µV to 5 
mV, and their frequency range starts from 10 Hz to 500 
Hz [6]. The small amplitudes of EEG and sEMG 
signals are affected by several sources of interferences 
and artefacts, such as: electromagnetic, skin potential, 
electrode movements and physiological cross talk in the 
case of sEMG [6][7], which make difficult their 
analysis.  

  

 

Figure 1: Robotic system for assisting the human gait. 

Recently, several works have used a new technology 
(dry electrode) and studies have been conducted to 
optimize the location of the reference electrode in order 
to improve the signal quality and reduce computational 
costs [7][8]. EEG dry electrodes combined with wireless 
technology are now available for gait rehabilitation, and 
other applications, such as Emotiv EPOC neuroheadset 
(from Emotiv), which is designed for emotional and 
cognitive applications. Other example is BioNomadix 
(from Cognionics) with options of only two EEG 
channels, low 8 channels or16, 24, 32 and 64 channels 
[9]. However, the low density EEG handset system 
developed by Cognionics does not allow exploring the 
primary and supplementary motor cortex. On the other 
hand, few works have reported the developing of a set 
of EEG and sEMG wireless systems. 

The aim of this work is to design an EEG and sEMG 
wireless sensor, and validate its performance and 
feasibility with SSVEP and ERD/ERS during motor 
tasks. 

Materials and methods 

EEG and sEMG wireless system – The EEG 
wireless system is composed of sixteen channels, which 
can be located on the primary and supplementary motor 
area. Figure 2 shows the block diagram of the EEG 
wireless sensor proposed, which is composed of the  
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Figure 2: Block diagram of the EEG wireless module. 

following blocks: front-end, analog-digital converter 
(ADC), and bluetooth transceiver. 

The front-end block is composed of sixteen EEG 
channels to capture the brain bioelectrical potentials 
(from 0.25 to 20 µV) through dry electrodes. Each 
channel is connected to electrodes pair through an 
instrumentation amplifier INA333 (G = 10, CMRR min = 
100 dB, low noise = 50 nV/√Hz, low offset = 25µV), in 
order to reduce the common interference and amplify 
the input signals. After, the output signals are pre-
processed by a high-pass passive filter and a low pass 
Bessel filter of 2nd order to select the main components 
from 0.1 to 40Hz bandwidth with linear amplitude and 
phase distortions. In addition, a gain amplifier AD8609 
(G = 1000, low noise = 20 nV/√Hz, low offset = 50 µV) 
is employed for conditioning according to ADC 
electrical specifications.  

The ADC block allows the simultaneous digitization 
of all EEG channels through two ADS1298 (delta sigma 
converter of 24 bits), which has eight analogic channels 
that can be configured as bipolar input, and a leg driver 
output to reduce the common interferences through the 
selected input channels.  

A bluetooth transceiver (CC2541) is used to send the 
EEG signals to a computer, which can be employed with 
a step down converter (TPS62730) that has a bypass 
mode for ultralow power wireless application.  

In relation to the sEMG, Figure 3 presents the 
proposal of the sEMG wireless sensor, which is formed 
by two channels and contains the following blocks: 
front-end, inertial sensors, analog- digital converter 
(ADC), and bluetooth transceiver. The myoelectric 
activity can be captured through four Ag-AgCl 
electrodes from the antagonist or synergist muscle pairs. 
The front-end block is similar to the one used for the 
EEG sensor, but it has a bandwidth from 10 to 500 Hz. 
Similarly, all channels can be digitized simultaneously 
through the ADC block (ADS1292, delta sigma 
converter of 24 bits with leg driver output). 

This system is designed for autonomous operation 
with 3VDC/600 mA·h batteries for 24 hours. 

 

Figure 3: Block diagram of the sEMG wireless module. 

Evaluation – In this work, only one EEG and one 
sEMG channel are analyzed, and the performance of the 
bluetooth communication is not validated.  

The frequency response of the EEG and sEMG 
channels are measured with scanning from 0.05-100 Hz 
and 5-1000Hz by an observer. For each channel, the 
observer repeats the procedure three times. The 
concordance correlation coefficient is used to evaluate 
the agreement intra-observer test [10]. 

 Only one EEG and sEMG channel was tested 
initially to evaluate its performance with physiologic 
activities. The EEG channel was evaluated with SSVEP 
through FP1-O1 electrodes, and motor tasks through 
contralateral (C3-FZ electrodes) and ipsilateral (C4-FZ 
electrodes) of the right hand. The reference electrode 
was located on the ear lobe. First, visual stimuli were 
presented to the user at 6.4 ± 0.1 Hz during 2 min. After, 
this frequency was changed to 8.0 ± 0.1 Hz during 2 
min. A Spartan-3AN Start Kit (from Xilinx) was 
employed to generate visual stimuli, which was 
connected to a monitor with VGA input. Each SSVEP 
test was repeated five times for 6.4 Hz and 8.0 Hz, 
respectively. Finally, the subject performed self-paced, 
brisk button-press with his right index finger each 10 s 
during 10 min. The subject carried out approximately 
150 trials of button-press, which can be enough to select 
around 120 epochs of artefact-free trials. 

The Welch periodogram (Hamming windows, size 
windows of 4 s, overlapping of 50%) was used to 
analyze the power spectrum from the EEG signals 
measured on FP1-O1 electrodes [11]. The ERD/ERS 
patterns were computed on the EEG signals measured 
from C3-FZ and C4-FZ electrodes during the motor 
tasks [5]. 

Results and Discussion 

Table 1 shows the concordance analysis of the 
frequency response obtained for EEG and sEMG 
channels by an observer with three repetitions.   

Table 1. Concordance correlation coefficient of the 
frequency response tests intra-observer. 

Tests ρc Cb r CI 

EEG 

1 vs 2 0.9949 0.9982 0.9967 (0.9907-0.9992) 

1 vs 3 0.9612 0.9630 0.9981 (0.9384-0.9841) 

2 vs 3 0.9714 0.9769 0.9944 (0.9524-0.9905) 

sEMG

1 vs 2 0.9784 0.9942 0.9841 (0.9617-0.9951) 

1 vs 3 0.9834 0.9952 0.9882 (0.9707-0.9962) 

2 vs 3 0.9996 0.9999 0.9962 (0.9938-0.9993) 

ρc, correlation concordance coefficient; Cb, bias correction factor; r, Pearson 
correlation coefficient; 95% CI, confidence interval of ρc. 

The three measurement of the frequency response 
for the EEG and sEMG channels present a high 
accuracy (Cb ≥ 0.96) and precision (r ≥ 0.98), as well as 
high reproducibility (ρc ≥ 0.96). Then, the frequency 
response obtained by the observer was acceptable. 
Figures 4a-4b present the frequency response of the 
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EEG and sEMG channels, respectively. It can be 
observed that EEG and sEMG channels have an 
experimental bandwidth from 0.1 to 35 Hz, and 10 to 
500 Hz, respectively. 

Figures 5a-5b present the EEG and sEMG signals 
measured on the occipital lobe (with FP1-O1 electrodes) 
and tibial muscle, respectively. Furthermore, the 
frequencies employed for SSVEP were obtained on the 
occipital lobe through FP1-O1 electrodes, such as 
shown in Figure 6. In Figures 6a-6b, the power spectra 
present the main component at 6.4 Hz and 8.0 Hz 
approximately, as well as its harmonics. 

During the finger movements, the ERD value 
decrease around 50% for both contralateral (C3-FZ 
electrodes) and ipsilateral region (C4-FZ electrodes), as 
shown in Figures 7c and 8c. On the other hand, the ERS 
value increase 50% after the end of the movement, only 
for the contralateral region, as shown in Figure 7c. 
These results are agree with others works [5]. 

 

Figure 4: Frequency response. a) EEG channel; b) 
sEMG channel. 

 
Figure 5: EEG and sEMG signals measured from the 
occipital lobe and tibial muscle, respectively. a) EEG 
signal; b) sEMG signal. 

 
Figure 6: Representation of the power spectrum on the 
occipital lobe. a) Power spectrum for visual stimulus of 
6.4 Hz; b) Power spectrum for visual stimuli of 8.0 Hz. 

 

Figure 7: Representation of the ERD and ERS measured 
from the C3-FZ electrodes. The vertical dotted lines 
represent the movement onset and offset. a) Power 
spectrum smoothed of the ERD; b) Variance inter-trial 
smoothed of the ERD; c) Variance relative of the ERD; 
d) Power spectrum smoothed of the ERS; e) Variance 
inter-trial smoothed of the ERS; f) Variance relative of 
the ERS. 
 
 

10
−2

10
−1

10
0

10
1

10
2

10
0

A
m

pl
itu

de
(d

B)

 

 

Test 1
Test 2
Test 3

10
1

10
2

10
3

10
0

Frequency (Hz)

A
m

pl
itu

de
(d

B)

(a)

(b)

45 50 55 60 65
−40

−20

0

20

40

A
m

pl
itu

de
(u

V)

12 14 16 18 20
−0.2

−0.1

0

0.1

0.2

Time(s)

A
m

pl
it

ud
e(

m
V)

(a)

(b)

activation

eyes closing

eyes opening

rest

0 5 10 15 20 25
0

5

10

15

6.4453 Hz

Po
w

er
(u

V
2    

)

Test 1
Test 2
Test 3
Test 4
Test 5

0 5 10 15 20 25
0

2

4

6

8

10
8.0078 Hz

Frequency(Hz)

Po
w

er
(u

V
2 )

(a)

(b)

−3 −2 −1 0 1 2 3 4 5

5

10

15

20

Po
w

er
, u

V 
2

−3 −2 −1 0 1 2 3 4 5

0.5

1

1.5

2

Po
w

er
, u

V 
2

−3 −2 −1 0 1 2 3 4
4

6

8

10

12

14

Va
ria

nc
e,

 u
V 

2

−3 −2 −1 0 1 2 3 4

0.8

1

1.2

1.4
Va

ria
nc

e,
 u

V 
2

−3 −2 −1 0 1 2 3 4

−50

0

50

Va
ria

nc
e 

re
la

tiv
e(

%
)

Time(s)
−3 −2 −1 0 1 2 3 4

−50

0

50

Va
ria

nc
e 

re
la

tiv
e(

%
)

Time(s)

(c)

(a)

(b)

(f)

(d)

(e)

882



XXIV Congresso Brasileiro de Engenharia Biomédica – CBEB 2014 

 

 4

 

Figure 8: Representation of the ERD/ERS measured 
from the C4-FZ electrodes. The vertical dotted lines 
represent the movement onset and offset. a) Power 
spectrum smoothed of the ERD; b) Variance inter-trial 
smoothed of the ERD; c) Variance relative of the ERD; 
d) Power spectrum smoothed of the ERS; e) Variance 
inter-trial smoothed of the ERS; f) Variance relative of 
the ERS. 

Conclusion 

The physiological activity in the brain related to 
eyes and index finger movements, can be captured 
through EEG channels. Too, the myoelectric activity 
(ex. peroneus longus muscle) can be measured through 
sEMG channel.  The ERD/ERS can be obtained during 
finger motion. According to the literature, the ERD/ERS 
pattern obtained through the proposed system has a 
relative difference in the contralateral (C3-FZ) and 
ipsilateral (C4-FZ) electrodes, during index finger 
motion [5]. Furthermore, the EEG channel is suitable 
for SSVEP application.  

The EEG and sEMG front-end here proposed can be 
used in motor applications such as robotic walker for 
gait rehabilitation. In future works, the wireless system 
will be tested in order to evaluate the instrumentation 
noise and crosstalk. In addition, the wireless system will 
be tested during lower limbs motion to evaluate the 
feasibility in gait rehabilitation. Furthermore, an inertial 
movement unit will be incorporated to the system to 
help its control. 
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