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Abstract - This work proposes control of simulated and wireless real time controlled robotic car using SSVEP signal-a 

personal care robot to help patients suffering from neurological disorders. A multitone signal simulated in LabVIEW, having 
features similar to that of real time EEG signals, is preprocessed by applying temporal filtering. The resultant signal is 
feature classified by applying the Hilbert Transform for identification of phase value of EEG signal. Once the phase value is 
detected, the translational commands are then passed for the control of both simulated robotic car and real time robotic car 
simultaneously with the help of NI My DAQ. The experimental results reacha mean accuracy of 75%. 
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I. INTRODUCTION 

 

Brain Computer Interface is a technique [1] to 

communicate user intention to external world without 

involving the normal path way like peripheral nerve 
[2]. The important application of using BCI is in 

Neuro prosthesis, control of robot device for a day to 

day application to regain the degree of independence 

by the people affected by Amyotrophic lateral 

scleroses (ALS), Spino Cerebellar Ataxia (SCA) and 

other paralyzed patients [3],[4],[5],[6]. 

In BCI, Electroencephalography (EEG) is most 

commonly used method to extract the brain signal 

due to, ease of use, cost reduction and good 

resolution. In EEG, there are two ways to record the 

brain signals of which, in invasive method, the 
subject‟s EEG signals are recorded by placing the 

electrodes directly on to the brain cortex through 

surgical incisionand it finds application in deep brain 

simulation [7]. In case of non-invasive method [8], 

the signals are recorded from brain by using 

electrodes without surgical incision. The sources for 

EEG signals are Event Related Synchronization/ 

Desynchronisation (ERS/ERD), Visual Evoked 

Potential (VEP), Slow Cortical Potentials (SCP), 

P300 evoked potentials, µ and β rhythms. The Steady 

State Visual Evoked Potential (SSVEP) signals are 

the kind of EEG signals that respond to flickering 
signals which is greater than 6 Hz [9]. 

 

The majority of SSVEP based BCI experimentation is 

carried out for low (0-14Hz) and medium (15-30Hz) 

flickering frequencies which are less than 30 Hz. The 

main advantage of such flickering frequencies will 

have an increase in amplitude, when compared to 

frequencies flickering greater than 30 Hz [10]. 

The SSVEP stimuli are repetitive and classified into 

three different types, light stimuli, single graphic 

stimuli and pattern reversal stimulus [11]. This work 
focuses on light stimuli due to increase in response 

compared against other sources of stimulus [12]. 

Within light stimuli, LED‟s are more commonly used 

and the predominant colors are red, white and green, 

with satisfactory results pertaining to white LED [13]. 

The uniqueness of this work is that, Hilbert 

Transform (HT) is applied to simulated EEG signal 

for phase extraction to control both simulated and real 
time robotic car simultaneously using LabVIEW and 

NI MyDAQ as a medium of interface. Upon phase 

identification, translational commands are then 

directed to robotic car wirelessly with the help of 

Radio Frequency (RF) transmission module working 

with a frequency of 434MHz. The commands are also 

passed to simulated robotic car in LabVIEW. 

An algorithm is developed in LabVIEW simulation 

software to issue appropriate commands to the 

simulated robot car based on the detected phase of the 

simulated multi-tone signal. The same algorithm is 
then implemented on a real time robot car and 

synchronized. 

 

II. MATERIALS AND METHODS 

 

A. System Design 

Figure 1 depicts the block diagram of the SSVEP 

based BCI system for robot control. In this work, a 

simulated multi-tone signal is generated and sampled 

at a rate of 8k samples per second, and band pass 

filtered for a frequency of 21 ± 0.5 Hz[10]. HT is 

then applied on the filtered signal for phase detection 
in LabVIEW as it is highly recommended for phase 

selectivity [13].Depending on the quadrant in which it 

falls, a case number is assigned, ex: (First quadrant - 

0◦ to 90◦, Case 1; Second Quadrant - 91◦ to180◦, Case 

2; Third Quadrant - 181◦ to 270◦, Case 3; Fourth 

Quadrant - 271◦ to 360◦, Case 4). This case number is 

then passed from the LabVIEW program to the NI 

myDaq device, in the form of parallel data 

comprising of four bits, which indicate, the direction 

of movement of the robot car as shown in Table 1. 

These bits are then wirelessly conveyed in parallel 
through anRF transmitter module equipped with an 

HT12E encoder to the RF receiver module, which is 

equipped with an HT12D decoder. The decoded 
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command bits are then given in parallel to an Arduino 

UNO controller, which is attached on top of an 

assembled robot car. 

 

 
Figure 1: Block Diagram of BCI System 

 

B. Phase Detection Using Hilbert Transform and LabVIEW 

 

 
Figure 2: Phase Detection Using Hilbert Transform in LabVIEW 

 

Figure 2 depicts phase detection using Hilbert 

Transform in LabVIEW. For phase detection, the 

Fourier Transform of the input sequence X is 

computed as: Y = F{X}. Next, the DC component is 

set to zero:Y0 = 0.0. If the sequence Y is of an even 

size, the Nyquist component is set to zero, YNyq = 0. 

The positive harmonics and negative harmonics are 
multiplied by –j and j respectively.  The new 

sequence is given by Hk = –j sgn (k) Yk. To obtain the 

Hilbert transform of X, the Inverse Fourier transform 

of H is computed. The original signal and its Hilbert 

 

Transform are given as inputs to a “Re/Im to Polar” 

function which converts the rectangular components 

(real and imaginary part) of the inputs to 

corresponding polar coordinates, r and 𝜃.The value  𝜃 

gives the instantaneous phase of the input signal. 

Once the phase of the signal is detected, it is 

classified based on its value. 

 

C. Robot Car Control 

Figure 3 depicts a three dimensional robot car, 
comprising of a steering frame and four mecanum 

wheels, simulated in LabVIEW. It can move forward 

in two directions (X direction and Y direction), based 

on the command given to it. Its angular velocity is set 

by the producer consumer model in the LabVIEW 

program. 
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Figure 3: Simulated Robot car 

 

As depicted by the flowchart in Figure 4, four 

mecanum wheels and a steering frame are first 
initialized, in for loop, by converting the array of 

wheels into a cluster in LabVIEW. The forward, 

lateral, and angular velocity components are applied 

to the steering frame to get the corresponding motor 

velocities. 

 

 
Figure 4: Flow chart depicting the simulation of the robot car 

 

The steering frame velocity is calculated from the 

motor velocities. The latest motor velocity set points 

obtained from the steering loop, are then applied to 

the robot simulation subsystem. The dynamics of the 

mecanum frame are simulated by the subsystem and 

the velocity states returned by it are updated to the 

steering loop.  In the display loop, the 3D drawing of 
the mecanum robot is initialized and the position 

from the subsystem is updated to it. 

To control the robot car movements, based on the 

detected phase, a producer-consumer model is used 

which issues commands based on the different cases 

of the detected phases. The main advantage of this 

model is that multiple processes operating at different 

rates can be handled and continuous streamingand 

execution of data is possible simultaneously. 

Comprising of two loops: the producer loop and the 

consumer loop, it stores and handles data through the 

use of queues. While the data to be handled is 
inserted into the queue in the producer loop, the data 

already stored in the queue of the consumer loop is 

removed and passed to the NI mydaq device. 

 

D. Use of LabVIEW and NI Mydaq 

The selection of LabVIEW allows creating one‟s own 

Graphical user interface, analyzing and validating the 

intermediate results, moreover, they are user friendly 

to interface external circuitry. 
 

III. RESULTS 

 

Figure 5 shows the waveform obtained after band pas 

filtering the extracted EEG signal and applying 

Hilbert Transform. The detected phase value of the 

signal is 19.52◦ and it is classified as case 1 as per the 

classification explained in Table 1. 

 

Table 1 depicts the classification of the EEG signal 

based on the range of its detected phase. The 

direction of the robot car movement is decided by the 
case under which the detected phase falls. The time 

stamp, (t1, t2, t3, t4 = 5s) in each case is the time for 

which the robot car moves in a particular direction. 

 

 
Figure 5: Band pass filtered waveform of the multi-tone signal 

with detected phase of 19.52
◦
. 

 

Table 1: Classification of the phase of the EEG signal 

Phase 

Range 
0

◦ 
to 90

◦
 

91
◦ 
to 

180
◦
 

181
◦
 

to 

270
◦
 

271
◦
 to 

359
◦
 

Direction Forward Left Right Stop 

Time 

Stamp 
t1 t2 t3 t4 

 

Figure 6 (a) and (b) depicts the simulated robot car 

and the real time robot car at rest position, when no 

command is given. For the waveform obtained in 

Figure 5, both the simulated car and the robot car 

move forward with an angular  velocity of 0.6 m/s 

[user defined] and a time stamp of 5 seconds, as 

shown in Figure 6 (c) and (d). 

 

 
(a)                                                  (b) 
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(c)                                 (d) 

Figure 6: (a) Simulated robot car at initial position at rest 

(b) Real time robot car at initial position 

(c) Simulated robot car moving forward along Y direction  

(d) Real time robot car moving in the forward direction 

 

 
Table 2:  Results showing accuracy obtained for robot car 

movement based on the detected phase 

*cycle 1, # cycle2, A= {ACYCLE1+ACYCLE2}/N 

 

Table 2 depicts the results obtained for the simulated 
robot car movement in different cases, based on the 

range of the detected phase. The accuracy in each 

case is determined by finding the number of times the 

detected phase is classified correctly out of N trials.  

Acycle1 and Acycle2 represent the two cycles of phase 

detection. For correct classification, the value of the 

detected phase should be the same in both cycles. The 

detected phase angle in both Acycle1 and Acycle2 is 

averaged by the total no. of trials N, with an offset 

limit of + 20˚.The number of failed trials in the two 

cycles, Fcycle1and Fcycle2 is also indicated. In case of 
90˚ and left movement, the accuracy is 70%, (with 

the detected phase angle ranging from 71.2˚ to 

106.4˚). The number of failed trials in the first cycle, 

Fcycle1, was 2 and in the second cycle, Fcycle2, was 1. 

 

CONCLUSION 

 

The developed algorithm achieved synchronicity 

between the movements of both the simulated and the 

real robot car, and an average accuracy of 75% for 

phase detection. This proves the effectiveness of the 

developed algorithm in LabVIEW for its 
implementation of further SSVEP based BCI systems 

to control robots in real time in future. LabVIEW 

allows users to create one‟s own GUI. Furthermore, 

this method can be used to control robot using EEG 

signals of patients suffering from neurological 

disorders. 

 

REFERENCES 

 
[1] J. d. R. Milla´n et al., „„Combining brain-computer Interfaces 

and assistive technologies: State-of-the-art and challenges,‟‟ 

Front. Neurosci, vol. 4, pp. 161, 2010. 

[2] Robert Leeb, Luca Tonin, Towards Independence: A BCI 

Telepresence Robot for People With Severe Motor 

Disabilities, Proceedings of the IEEE, vol. 103, no. 6, June 

2015. 

[3] Patrick Ofner, and Gernot R. M¨uller-Putz∗, “Using a 

Noninvasive Decoding Method to Classify Rhythmic 

Movement Imaginations of the Arm in Two Planes”, IEEE 

Transactions on Biomedical Engineering, vol. 62, no..3, 

2015. 

[4] T. Carlson and J. d. R. Milla´n, „„Brain-controlled 

wheelchairs: A robotic architecture,‟‟ IEEE Robot Autom. 

Mag., vol. 20, no. 1, pp. 65–73, Mar. 2013. 

[5] Luzheng Bi. Xin –an Fan, Yili Liu (2013), „EEG based Brain 

controlled Mobile Robot; A survey”, IEEE Transaction on 

Human machine system, Vol 43, issue 2, pp.161-173, 2013. 

[6] Escolano, J. Antelis, and J. Minguez, „„A telepresence mobile 

robot controlled with a noninvasive brain-computer 

interface,‟‟ IEEE Transactions on Systems, Man Cybernatics 

, vol. 42, no. 3, pp. 793–804, Jun. 2012. 

[7] Marjan Mirzaei, Muhammad Tariqus Salam, Dang 

K.Nguyen, and Mohamad Sawan, “A Fully-Asynchronous 

Low-Power Implantable Seizure Detector for Self-Triggering 

Treatment”, IEEE transactions on Biomedical circuits and 

systems, vol. 7, no. 5, pp 125-133, April 2010. 

[8] J. d. R. Milla´n, F. Renkens, J. Mourin˜o, and W. Gerstner, 

„„Noninvasive brain-actuated control of a mobile robot by 

human EEG,‟‟ IEEE Transactions on Biomedical  

Engineering, vol. 51, no. 6, pp. 1026–1033, June 2004. 

[9] Wang YWR, Gao X, “A practical VEP-based brain-computer 

interface” IEEE Transaction Neural System Rehabilitation 

Engineering, vol. 14, no. 2, pp. 234–240, 2006. 

[10] Kuo-kai shyu, Poi Lei Lee, Ming Huan Lee, Ming Hon  Lin, 

Ren-Jie  Lai, Yun-Jen Chiu, “ Development of Low Cost 

FPGA Based SSVEP Multimedia control system”, IEEE 

transactions on Biomedical circuits and systems, vol. 4, no. 2, 

April 2010, pp 125-133. 

[11] P. Martinez, H. Bakardjian, and A. Cichocki, 

“Multicommand real-time brain machine interface using 

SSVEP: feasibility study for occipital and forehead sensor 

locations,” in Advances in Cognitive Neurodynamics, pp. 

783–786, 2008. 

[12] Dan Zhu, “A survey of Stimulation Methods used in SSVEP 

based BCIs”, et. al.,Computational Intelligence and 

Neuroscience, Volume 2010. 

[13] Gary Garcia Molina, Danhua Zhu, and Shirin Abtahi, et.al., 

“Phase Detection in a Visual-Evoked-Potential Based Brain 

Computer Interface”, 18th European Signal Processing 

Conference, 2010, pp. 949-953. 

[14] Rui Zhang, “A BCI-Based Environmental Control System for 

Patients With Severe Spinal Cord Injuries”, Qihong Wang, 

et.al., IEEE Transactions On Biomedical Engg, vol. 64, no. 8, 

August 2017. 

[15] B. He et al., “Brain-computer interface,” in Neural 

Engineering, 2nd ed., B. He, Ed. Boston, MA, USA: 

Springer, 2013, pp. 87–151. 

[16] Rupert Ortner, Brendan Z. Allison, “An SSVEP BCI to 

Control a Hand Orthosis for Persons With Tetraplegia”, IEEE 

Transactions On Neural Systems and Rehabilitation 

Engineering, vol. 19, no. 1, February 2011. 

[17] Kuo-Kai Shyu, et.al, “Development of a Low-Cost FPGA-

Based SSVEP BCI Multimedia Control System”, IEEE 

Transaction on Biomedical Circuits and Systems, vol. 4, no. 

2, April 2010. 

 

 

http://iraj.in/

