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EEG-Based Medical Assistant Systems
with a Wireless Scheme

Student: Shang-Ming Huang Advisor: Dr. Jzau-Sheng Lin

Department of Computer Science and Information Engineering

National Chin-Yi University of Technology

ABSTRACT

In this thesis, the wuse of electrodes to capture the human brain
electroencephalogram (EEG) signals through a BCI (Brain Computer Interface BCI)
was proposed. In our BCI system, hardware and software were combined to extract
brainwave information to control the medical assistant systems by means of bluetooth
interface. Several medical assistant systems such as EEG-based toy car with the
attention signal, brainwave- control electric bed, and EEG-based electric wheelchair
were proposed. Brainwave extraction and analysis, hardware and software
implementation, and system testing are also demonstrated in this thesis. The main
contribution of this thesis is to design systems by means of FPGA chip in order to
shrink the size of the hardware. Experimental results have shown that our system really
can be use brain waves to control medical assistant systems. We hope that the patients
can only use brain waves and facial movements to control medical assistant systems like
electric wheelchairs without going through the operation of the hands.

Keywords: medical assistant system, Brain-computer interface (BCl), EEG,

field-programmable gate array (FPGA)
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B 212 "R B RPUE F 2 BT

2.2.4 M %

2.2.4.1 SunPlus SPCEG1A

Fak Bos BT g B b RpdlS, P AR T AR F
4 & ¢ 16 bit H & % 1 SPCEGIA e 4| B » & * 7
wnSP™(Microcontroller and Signal Processor)16 bit & i@ % 8 & 2
CPU - & & #4147t # &7 ICE(SY T4 4) ~ a7 1/O 4 -
SRR ¢ 4] ~ CPU PR % 4% 49 2 (PLL) ~ UART(E * 24 f
# 8 P16~ 85 414 5 ) - SRAM(H i 3= 48 8) 2 FLASH(I-F 3o a.48) -
Ao A RBEER o oW 213 S E o
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ICE_EN i+ A pde 4 BB
168 ;{Srgqﬁv]l Z | FLASH ey {-16bits* p ®
ICE_SCK K N /i*ftﬁf‘*”‘*
g
ICE_SDA ICE RAM > «—> T
>
7 CH 10bit ADC
;/5;’ PPL4E fpie it | CPURE*% 1> 1 wpcrace MicIN
X0 wIE R
MRRE R 2CH AUDL
KEmEE > ipAc AUD?
- UART
1BOO 1BO1
v (SCK) (SDA)
32Pin INPUT/OUTPUT PORT
I0A15-0 10B15-0

] 2.13 SPCE61A & 5% 1.7l

B 2.14 = SPCEG61A icir#1 B k ¥ifgr » 2 SPCEGLA # 4o

¢ 16 bit w”’nSP™ prEum =

¢ 1itgR:VDD i 2.6~3.6V(CPU)> VDDH % VDD~5.5V(I/0);
¢ CPU % @ 0.32MHz~49.152 MHz;

¢ 2z 2K Words =7 SRAM:;

¢ 2z 32K Words = FLASH:;

¢ T ARG M T
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T W e P A

% F T % SACM_S240 = (24K bit /) > i B

210 # e 5 T A

G40k B PLL 3R i B4 5k SLpR PR 1 50

32768Hz = p ik o5 ;

7 i 10 bit TR -fc =4 B (ADC)r 1 B 8 i if hBS

R S - 8

Bo5 A B B o P E SR S BAop B
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EHEIRAAN

24 P RE B (LVR)# i fo i T R 2 5| (LVD)# i ;
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8 (DR) Shift Latch | ~=9
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Input < 8
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é re(gfgtjer A e(ch)er '7:? (DD RAM) D
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16-bit c 16
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i
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BRI 0 518 PWM 3 90 8 1 enR R - T4 g 2 0
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cgu-

EAET R T PWM B P B F @ % SSR AR
Pg B R ¥ 5 &% SSR B~k RERAY 47 B p chhst > ¢ * RERAY
FOF RN R L & LD RERAY R MG § A2
Wi TR s PWM AL E T 23828 ndIAgT R

4o % & * i§ % RERAY 0 EhEFNFELEPFFEES TR 40 &
TR BTS2 amd D PWM 3 $enl rapsi% > PWM 3 5

i ) % A ] 2.16 4 .

CALLTN

SPCEO61A ¥
PWMij SSRiZEIHBH HIEEHE > BUHEEE

A

Rl 2.16 #1ig 2 PWM 7 ¢
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3 %3 R Fi5:1F SPCECLA 47+ » # % 5 &4 2%r it - Bdp T8 4
T HodntE WAV § sl % 3 #p 5 431 SPCEGLA 17 4o 2.13 % #
Blco FLASH ¥ 3548 58 crf 4] » gads b 3% DAC ¢ & » SPCE61A
§ P 2R T WAV RS scdh S 2 435 18 DAC B 0 &
¥ %518 SPCE6LA 1= + OPAc + T it ) 3 wflw e 1 Bd ] e WAV

WE I 3 BRI R 2.17 17 o

B A
SPCEO61A
FLASH D/A OPA B
T EmeEk B HEEBORES i
W 2.17 3 4k 4
2245 EF B

BRGA TR > TRL I LD ESEY e RNAL 3
SPCE61A > @ £i5i 7 F7 et ? (7 PIC ¥ & % L B T4 18k
% % = IC ##e - 3.3v EH 5 5V 2 {50 4 #-F 4 » SPCEGLA X » &
T e dr 2E Hdo B 2.18 #7570 PIC § #-F 4L ¢ 7 RAW DATA &v% » 7]

APER P RG]0 M g BB R THADI KT 25E UART
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Mo 30T A B 208 AR B FMANE T 5 CE S -unSPIDE
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38 RHCEME # - S TLE

227" FLiE 2 RS N2 R R
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FI1ETRAERE > FEIRE TR T AMTE - B 221 247
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e F R e L3

|
R LETE X

L

#-attention#c (B 4e 5= {8 T, @ (7

v

iz,

\ 4

LCDx#

LCD%?]

#c® [ 5 TE

A

2+ 5 attention#c & & BELAE 11 %
attentiondic i& 4o ¥5 2% P 7

A 4
\ 4
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B AL T RS BRE T B R % AL ez 4 BRI AR o
2.3.1 P Bl T B 4 S ﬁ‘:
ok TR T B 5 A 2.22 49T 0 1Y Tk B BB

NEFEEET R @ﬁs?]ﬂ FPGA T = » & tsd FPGA T 2 g 7

BTl b ) AT

Bl 2.22 "5k BRds T8 B i KL 2R R

232 EV i

-
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PR T WA G @ L2 R 7 RNAL HEe i@ s >
223 5 RNAL F7 & fcie » e @& % 57.6Kbps #4775 Faldts 4

¥ 3% & FPGA . o

B 223 RN41 &7 & jcfice

Ty H- 5@_;@‘5@@@%&2%’ v & * 7 24GHz(2.402 - 2.480 GHz)
BT B F15 24G AR LR ¥ & RF & L WIFI @61 > % 2
FRARKRF2ZFDFE > FT o 51T P LHIEEITAPEFER > F]P R
* 7 peip B AE Hos(Frequency Hopping Spread Spectrum ,FHSS) - & & -
2AGHE B> 5 79 BAEE » 10 & IMHZ AR ¥ 7 3 > pFE B 5 5 )
1600 = o f k& SudrdlRniy 0 B & A ytdF MAC =ab2 {8 » & =0 4B
WRFIFIWERFEDEEI I P pRE28M 2282 B B
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HiE TXHERX KB {74fe P E 12 2T e o

RN4L B - #ris F oy fenE T e * i+ H30mA-» &2 &
BHROPFGEE P FE PR LA RET O A BEET NG
2.1/2.0/1.2/]1.1 » £ # UART @ﬁéﬁi;‘ wx USB #5018 %J‘ B &
1200bps 3] 921Kbps » 3 classl & serp 2= % & > @ %J&P&ﬁx« GREEY

100 == > ki * 3.3V e
2.3.3 Xilinx Spartan-3 XC3S400 FPGA x 3+& 2

FPGA T 5 4 ik Seds £ 8 4 & ehT e B ~ > 4] 2.24 977 £
% 9 5% f13 UBD-Spartan3-MB £ 445 > FPGA & % i # 1
Spartan-3 XC3S400 » & # &7 40 § % B4&F PQ208 1 IC #+% - p 3
141 & 1/O 4 » % B4 225 “57% - 55 Spartan-3 i * Tk
1.2V~ 25V~ 33V 12 BV HUE G4 L% B AV A3
Pl BT TR H AR TR 0 % BV S 12V - 25V

33v, H@ 33V*}}EI$%JS’7T’W%I % RN4L @& * o
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FPGA Development Kit
XILINX SPARTAN 3

rowes
PROM
RS232 LED
Xilinx » VGA
NET |« > XC3S400
s [
LCD

B 2.25 XC3S400 FPGA T [+ % £ )

FPGA H_IR3-7 42 ;% B4E/ L 7| (Field Programmable Gate Array,
FPGA) > % - A M enT B2 H 0 346 7 A M $5 3% 3 (VHDL &
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Verilog) k 1 SRA MR B > ¥ MR ST R OB R Z AT P
WAL e 77 LAABGEM > BE RH DR BERERN 2 ARG
o MERATEAGLTE FAT BV HHMER B BEAG

FRBAD D LBTRT B ET A I FFEAATRAY

%ﬁﬁﬁiéﬁﬁﬁﬁﬁuﬂ’éﬁﬁﬁ%?%ﬁ#*ﬁ?%%
B0 ~ 2 hej b fd B e LED v ~ B A 442~ 7] VGA - LCD ~ PS2 -
RS232 -~ NET -~ USB % =~ i » 2 imfdr™
o 40 § B {E W o Xilinx Spartan-3 XC3S400 FPGA - M 5. &
XC35400PQ208 - & #% % PQFP ® £ 3 208 & %ri-, p 3 :

16 # 18K-hit =2 Block RAMs (% 288K bhits)

16 # 18x18 A f3k 2 B

4 i Digital Clock Managers (DCMs)

141 B ¥ * Briz
e 8 Mbit 7 Xilinx XCF08P VQ48 Platform Flash, ¥ & % ‘&4 e
48
e 8Mbit 7 SDRAM
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e 10/100 Ethernet PHY

e USBI1.1 PHY

e PS/2 Interface

® VGA Interface (8 color )

o & hHk ¥ (128 x 64 Pixels)

e RS-232 /i w

o4 i DIPswitch &2 4 i LED /i w

o4 B T BETE

o M- TR~ (+5V/3A)
BEFEI P wFREr (12V,25V,33V)

ok A N cHITAG A & U & X 5|3

23A4XIlINXISEBRE BB

B 2.26 % . ISE % Xilinx 9 FPGA & & B %8 ' ISE £ - =
AMHEF T D RBFERE > Ah2 TR Y MK FET 5
VHDL » £ VHDL #;\F 2 7 U TE B e g VARG H
&%%%@%é%?ﬁ%ﬁﬁﬁ#ﬁ,g?ukﬁﬁiﬁéﬁﬁéﬁ
ERRFSL A R EF EBEIREA S AU AP RR
ABREPEIR I ORIER > KATBEF R DGR ARAE UE B
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o RELREESIG > BITRTPI FPGA i F 1 -
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e 21| & Desen Overview Project File: RNOLis Current State Progmming File Generated
EJRNAL 2 Sormmary
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PoJRN41 ot uof (RN41_vef o) 2 Tining Constrsints Product Version: 15E 10.1.03 - Foundation * Routing Results A1 Stk Completely Rowed
[2) Pinout Report Design Goal Belanced * Timing Constraints: Al Constrainte Met
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B Add Brdstiug Soue [B)Mep Messages ¥o partition information was found
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1227 #65% » F £ & * RNAL G s #fe it g 18 10 4 6 #06ik T8

» 31l 40MHZ T Lk pERR > RLRIZER R B D T L & IEEP o
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HNEFAOMHZ
ARER
~ 1=
FrsH &L FrpHEE g2 FRAAERRE3 Rl EE g4 i EERg4
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Device Information MISC Settings
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Buiild: Profsssional sdition () Slave Mode Connect Last Connected D evice
Status: Connected

(&) Master Mode Connect Specified Device

Device address: | 012345678948

Reconnect times: | 0 [Always reconnect] g
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%) Connect disconnected device
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Abstract

Research in the field of EEG, measurement of brain wave
generally needs larger machines or adhesive a lot of
electrodes on the head in order to obtain EEG signals
for analysis. Therefore, it restricted in the application of
EEG machine in space. Moreover, a medical EEG system
is very expensive. The main purpose of this paper is to
measure brain waves and its applications can be integrated
into people's lives and make it simple. It led us to design
a more simple wireless unipolar-sensing system to capture
EEG signals by means of Bluetooth as the wireless
transmission interface. We wish we can obtain a new
ground in the applications of EEG for monitoring brain
waves through the interface with the FPAG embedded
platform. This study was applied to the control of electric
bed and shown to obtain satisfactory results.

Keywords : EEG, Bluetooth, and Electric bed.
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Abstract

In this paper, we proposed attention signal in EEG
to control the speed of electric wheelchair. The
proposed system included acquisition module,
processing unit, and control interface. In the
acquisition module, the BCI is used to extract the
EEG signals from two-channel EEG chips and the
ultrasound distance sensor is used to obtain the
distance data. The EEG signals include attention,
meditation, and RAW EEG. In the processing unit,
the FPGA receives the EEG signals through
Bluetooth and distance data of obstacle from
ultrasound distance sensor to decide how to drive the
electric wheelchair. FPGA yields the winking signal
and command after processing the RAW EEG and
distance data. In the control interface, attention and
meditation control the speed of electric wheelchair.

The dirction and angle are selected by winking signal.

The collision will be avoided according to the value
of distance. Additionally, the LCD panel was used to
display processing information.

Keywords: EEG; BCI; FPGA, electric wheelchair.

1. Introduction

In recent year, the development and the application
of Electroencephalography (EEG) control are widely
implemented. Thereby, brain computer interface
(BCI) systems were designed by Barbosa et al. [1],
Chae et al.[2] and Mahmud et al.[3] to acquire EEG
signal in which robot control system based on BCI
are presented. The EEG signal is captured by BCI,
and is converted to digital data. By the some way,
BCl system can be complete combine with the
medical assistive device control system. The
traditional wheelchair is operated by human physical
actions. It is replaced by the electric wheelchair
which is developed to meet the demand of
laborsaving. However, joystick is just easily operated
by hand control.

Lin et al [4] proposed the EEG control electric
wheelchair base on BCI. Control chips were deployed
in the wheelchair and were connected to a notebook
computer by RS232 interface. The EEG signal
obtained by BCI then transferred to the notebook
computer. The overall analysis and treatment was
done in the notebook computer. This framework
indicated a feasible solution of physical action free
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operation. However, the response time of this
framework was restricted since the software process
and signals transformation must be considered.

In previous researches, the integral system
included a personal computer, and non-portable
instruments. Though the precision of results were
relative higher due to the variety of resource, the
whole system was not portable. A portable version of
BCI system was proposed by Lin et al. [5]. A single
channel EEG headband was proposed to reduce the
physical size of hardware. It may cause some loss of
accuracy, but the overall precision was acceptable.

Extending to preceding researches, we proposed a
new approach using a two-channel EEG acquisition
system. The EEG signal is first captured and
analyzed in the EEG chips. The results then were
transformed through the Bluetooth device to FPGA
platform. FPGA platform is used to process and
control those were done by the notebook computer
and central control unit (CCU) in [4]. The execution
speed is accelerated when the software computation
and the transformation of signals between devices are
integrated into hardware. Another advantage of the
proposed system is using a multi-channel acquisition.
The signal in each channel then can be simply
compared to make it more robust.

The rest of the paper is organized as follows:
Section 2 describes the proposed system. Section 3
demonstrates the experimental results. Finally,
section 4 gives the conclusion

2. The Proposed System
2.1 The framework of the proposed system
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Figure 1. The framework of the proposed system
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In the proposed system, we used the attention and
meditation signals to control the speed of electric
wheelchair and used the ultrasonic devices to prevent
collisions. The framework of the proposed system,
shown in Figure 1, involves acquisition module,
processing unit, and control interface respectively. In
the acquisition module, the EEG signals were
acquired by BCI and the distance data from electric
wheelchair to obstacles were measured by ultrasound
distance sensors. In the processing unit, attention and
meditation were analyzed by EEG chip in BCI. The
winking data and distance were processed by FPGA.
In the control interface, the speed of the electric
wheelchair will be controlled by the values of
attention and meditation that were shown in the liquid
crystal display (LCD) panel. The dirction and angle
are chosen by winking signal. The collision will be
avoided according to the value of distance measured
by ultrasonic sensors. The detail of the proposed
system will be described as following.

2.2 The acquisition module

Flgure 2. The bram computer mterface system (1)
headband, (2) case, (3) grounded wrist strap (4)
electrodes (5) batteries and printed circuit board
including EEG chips and Bluetooth models

In this module, we used a BCI to gain the EEG
signals and used the ultrasonic sensor to obtain the
distance data. The BCI, shown in Figure 2, was
consisted of headband, mounting box, grounded wrist
strap, electrodes, batteries, printed circuit board
including EEG chips and Bluetooth models,
respectively.

The EEG records the electrical currents of the
neurons of the brain and shows up these currents as
wave-like patterns called brainwaves. The common
types of brainwave patterns include Delta (0-3Hz),
Theta (4-7 Hz), Alpha (8-12 Hz), and Beta (12-30
Hz). The patterns of the brainwave change depending
on what we are thinking and doing. Lin et al. [6] used
theta wave and alpha wave to detect drowsiness. In
the proposed system, the speed was control by the
alpha wave as attention and the switch was started/
stopped by meditation signal converted from theta
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wave.

We used two-channel electrodes to capture EEG
signals from left and right forehead for the purpose of
smoothing the running of electric wheelchair.
Therefore, according to the international 10-20
system, electrodes’ positions were located at FP1 and
Al shown as in Figure 3. EEG digital data including
Attention, meditation, RAW data, and signal quality
were sampled and analyzed by EEG chips and
transmitted to the FPGA chip by Bluetooth
transceiver.

NASION

@@eee@eeee@o@@
........
00,

INION
Figure 3. The EEG electrode positions

2.3 The processing unit

Figure 4. FPGA board (1) Xilinx chip, (2)JJTAG,
(3) clock generator, (4)power input, (5)1/0 port

In the processing unit, a programmable logic
device, called a Field Programmable Gate Array
(FPGA), was implemented to speed up computing
performance. Figure 4 shows the FPGA board that
consists of FPGA chip, Joint Test Action Group
(JTAG), clock generator, power input, and 1/0 port,
respectively. The FPGA chip was a Xilinx
Spartan-3E with 500K gate counts. The circuits were
designed using Very High Speed Integrated Circuit
Hardware Description Language (VHDL), which is a
hardware description language with multiple design
unit. JTAG interface was used to download the
program to Electrically Erasable Programmable
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Read-Only Memory (EEPROM) (4Mbit). The clock
generator with 40MHz quartz crystal unit controls the
frequency of FPGA chip. The input ports were
connected to the Bluetooth receiver, Ultrasonic
sensors, and clock generator individually. Output
ports were connected to LCD panel and motor shown
as in Figure 5.

Ultrasound distance 40MHz bluetooth model

Clock Generator CH1&2

m— T
FPGA chip clgck Serial DATA

" v
PING Control IMH CLOCK EEG Control

DIVIDER

sensor
CHI&1&2&3&4

RESET input signal {—»|

l.Z5MIIzJ \;76111 ‘
PING PATA 'L EEG EAT.’\
LCD Control 4—DIR—{ MOTOR Control

!—‘—\

v v

LCD LEFT RIGHT
128*64Pixel MOTOR MOTOR

LCD Data Bus

Figure 5. FPGA system framework

In distance processing unit, PING control unit in
FPGA chip transmitted the start signal to ultrasonic
distance sensors and then received the feedback
distance data. The distance data, displayed on the
LCD panel and shown as in Figure 6, were
simultaneously sent to motor control unit to control
the DC motors.

In the FPGA chip, EEG control unit got the start
bit of packets transformed from Bluetooth interface
through serial port with a sampling rate of 40MHz
and store them into the buffers. The RAW data in the
packets were identified whether the user’s winking
signal was sent control action to motor control. The
LCD control module received the EEG data and
direction data to display on the LCD panel. The
motor control interface outputs the digital signals to
D/A converter converting into analog signals to
control the speed of the motors or on/off the motors
by solid state relay (SSR). The next section will
describe the details of motor control interface and
LCD control unit.

2.4 motor control and LCD control
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The information that we need to control the motor
is shown in a LCD monitor in Figure 6.The
information is divided into two parts in the LCD
monitor, each of it measures different channel of
EEG signals. ATT shows the attention data of users,
and is normalized from 0 to 100. We used A0 instead
of 100 points due to the size of the field. The higher
grade demonstrates a higher level of concentration. In
the same way, MTT indicate the meditation data
which measures the physical relaxation. SIG shows
the strength of incoming signals. We use 00 for a
robust signal, 3A for a weak signal, and 80 for the
disconnection. The fifth line which is a blank field in
Figure 6 demonstrates the detection of eyes’ winking.
When user winks, the string EYE is shown in this
field. Then a field showing the status of motor is
deployed. When the system is turned on, MT is
shown in the first two characters. The numbers on the
bottom show the speed of the motors and can be
calibrated in accordance with the attention data on
both channels. Users can accelerate the motor by
paying more concentration on it. In the proposed
method, four ultrasonic sensors are deployed around
the wheelchair. The distances of different direction
are estimated from the user to the obstacles. They are
encoded to hex and shown in last two line of the LCD
panel.

An additional panel is added to plot the original
waveform according to the RAW data from EEG. A
128*64 LCD monitor is used to display the waveform
scrolling horizontally with oscilloscope mode. The
latest data is shown is the left side, and continuing
drifting to the right. Through the displaying wave, we
can monitor the intensity of noises by direct
observation. The EEG acquisition module has to be
calibrated If the EEG signals are unstable.

Start
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MOTOR
Control
[ [

i i i i

For Left DAC For Left SSR For Right DAC For Right SSR
(Speed Control) | (ON&OFF Control) | (Speed Control) | (ON&OFE Control)
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Figure 7. Motor control framework
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A motor control framework is shown as in Figure
7. The first step is direction control in the control
flow. The options (left and right) are presented
repeated in the center of this monitor every 0.8
second. Once the needed direction appears on the
monitor, it is confirmed by the eyes’ winking of the
user. After the confirmation, angels which are
marked as 0, 14, 26.6, 45, 63.4, and 90 degrees.
Every option lasts 0.8 second shown in the monitor
except the option 0 is for 1.2 second, because it is
most generally used. By the same way, it is
confirmed by the eyes’ winking again.

The needed direction of the movement then can
be easily determined without any physical action. The
electric wheelchair will turn to the determined
direction demanded by the user. When the correct
direction is achieved, it moves forward in the speed
generated by attention data. The user can stop the
electric wheelchair anytime in this stage by winking
again. When the electric wheelchair stops, it goes
back to the step of direction control.

The sample rate retrieving winking of the user is
set to 76HZ. In every 0.8 second, we capture the
signal from sensors 60 times to confirm if the user is
winking or not. Considering the angle of O degree is
the most generally used, we sample it at the same rate
for 1.2 second.

The safety is also an important factor in the
proposed method. Ultrasonic sensors deployed
around the electric wheelchair to detect if any
obstacle was located near the wheelchair.

Figure 8 The four Ultrasound distance sensors
scan the four direction

Figure 8 demonstrates four ultrasound sensors
mounted on the wheelchair to scan different four
directions. FL and FR detect the front obstacle. If the
distance to obstacles is less than 10 cm, the
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wheelchair has to be stopped and the control flow
goes back to the step of direction control. By the
same way, the wheelchair is also forced to stop when
the distance measured by RR and LL is less than 5
cm.

When the user decides to turn left or right, the
system will measure the distance of LL and RR sides
being enough or not. If the space is not enough
applying this operation, the wheelchair was stopped
for the purpose of safety.

Finally, the wheelchair was stopped follows
several rules such as the EEG acquisition being
removed from the user, the EEG signals being not
robust enough. attention and mediation values being
lower, respectively.

2.5 DC driver circuit

The DC driver circuit is used to drive the direct
current (DC) motor, in which it consists of DAC,
SSR, Operational Amplifier (OPA), and Darlington
amplifiers. The current of DAC is not enough to start
the DC motor (20A). Therefore, we use the OPA to
amplify the range of voltage and two sets of
Darlington amplifiers (15A + 15A) to amplify the
current.

3. Experimental results

Figure 9 The proposed electric wheelchair
system

The proposed electric wheelchair system is
demonstrated in Figure 9. First, the headband was
wearing on head and adjusted the positions of
electrodes according to Figure 3. The user checks the
quality of EEG signals according the SIG values (=
00). According to the center line on the LCD panel,
the user blinks his eyes to choose the direction and
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angle. The wheelchair turns to the selected direction.
The speed of wheelchair is controlled by attention
and meditation. The wheelchair is stoped when the
user winks or ultrasound sensors detect the obstacle.
The system will be reset when the wheelchair stops.

4. Conclusion

In this paper, we use the EEG signals and
ultrasound sensors to control an electric Wheelchair.
The proposed system includes several modules.
Firstly, two-channel acquisition interface by EEG
chips in the BCI to capture the EEG signals was
created. Bluetooth transceiver then transmits signals
to the FPGA. The ultrasound sensors extract and send
the distance data of obstacles. Then, FPGA calculates
the RAW EEG to obtain the winking data and
process the distance data to get the distance of
obstacles. Finally, attention and meditation data were
used to control the speed of electric wheelchair.
Additionally, the direction and angle of wheelchair
were picked by winking data. The distances are used
to prevent the collision between wheelchair and
obstacle. The processing information will be
displayed on the LCD panel. The overall system

demonstrates a practical application in the

experimental results.
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Abstract. A wireless EEG-based brain-computer interface (BCI) and an FPGA-based system to
control electric wheelchairs through a Bluetooth interface was proposed in this paper for paralyzed
patients. Paralytic patients can not move freely and only use wheelchairs in their daily life. Especially,
people getting motor neuron disease (MND) can only use their eyes and brain to exercise their
willpower. Therefore, real-time EEG and winking signals can help these patients effectively.
However, current BCI systems are usually complex and have to send the brain waves to a personal
computer or a single-chip microcontroller to process the EEG signals. In this paper, a simple BCI
system with two channels and an FPGA-based circuit for controlling DC motor can help paralytic
patients easily to drive the electric wheelchair. The proposed BCI system consists of a wireless
physiological with two-channel acquisition module and an FPGA-based signal processing unit. Here,
the physiological signal acquisition module and signal processing unit were designed for extracting
EEG and winking signals from brain waves which can directly transformed into control signals to
drive the electric wheelchairs. The advantages of the proposed BCI system are low power
consumption and compact size so that the system can be suitable for the paralytic patients. The
experimental results showed feasible action for the proposed BCI system and drive circuit with a
practical operating in electric wheelchair applications..

Introduction

For the electric wheelchair, it has been considered as one of important mobility aids for the elderly
as well as the physically impaired patients. Approximately 50% of patients including paralyzed
patients can not be able to control an electric wheelchair by conventional methods in the clinicians
report. Especially, people can only use eyes and brain to exercise their willpower if they got MND. In
the context, EEG-based wheelchairs are a mobility aid especially suitable for the paralyzed patients
that are unable to successfully operate the electric wheelchair. Especially, the control system is
implemented by an FPGA chip with hardware description language VHDL to reduce the physical size
of hardware.

A number of biological signals have been utilized as hand-free interfaces, named brain-computer
interface (BCI) to machines like electromyogram (EMG) and electroencephalogram (EEG). For the
hardware in the proposed BCI systems included personal computer, embedded system, single-chip
microcomputer, and so on. In order to compact the size of hardware circuit, the authors used FPGA
chip to design the BCI system to control an electric wheelchair to help the paralytic patients moving
freely in their daily life. Electric wheelchairs have been identified as a primary mobility aid for the
elderly as well as the physically impaired.

There is a rising tendency in the growing recognition requirements of BCI systems [1-9]. These
existing BCI systems focus on developing new superior control and communication technologies for
those with strict neuromuscular disorders. A subject-independent BCI based on motor imagery was
discussed by Lotte et. al. [6]. In [7], Soraghan et al. proposed optical brain-computer interfaces to drive
triple wavelength LED. Liu and Zhao [8] demonstrated a semi-supervised learning algorithm for BCI
based on combining features to aim at reducing the training process. In Reference [9], Prof. Lin et. al.



proposed a real-time wireless BCI for drowsiness detection. Their system consists of a wireless
physiological signal-acquisition module and an embedded signal-processing module to monitor the
drivers’ long-term EEG signals and drowsiness status respectively. Additionally, several BCI systems
were constructed to control electric wheelchairs [1-5].

Several portable BCI systems have been proposed with a complex manner and having to transmit
an EEG signal to a back-end computer to process the EEG signals. Montesano et. al. [1] proposed a
wheelchair system for cerebral palsy users. In reference [2], Tanaka et al. used 15 electrodes to acquire
EEG signals and a computer to access and analyze the brainwaves through wired cables. Their system
cannot be suitable in practical use. Galan et al. [3] proposed a brain-actuated wheelchair in an
asynchronous and non-invasive BCI by using of a complex EEG acquisition system with 64 channels.
An electric wheelchair towards a BCI-based control was proposed by Cho et al. [4]. They utilized a
software named ACQUIRE and a complex acquiring system for the data acquisition process. For the
electric wheelchairs in References [1-4], they did not use any wireless interface in their system. The
author also proposed a microprocessor-based and wireless-interface electric wheelchair with EEG
signal [5]. In order to downsize the system size, an FPGA chip was used to organize all the digital
circuits in the wheelchair control module in this paper. This paper describes EEG-controlled
wheelchairs through a Bluetooth interface by using of an FPGA chip to reduce the size of hardware
circuit. The study focused on paralyzed patients who can only use eyes and brain to exercise their
willpower.

In this paper, we proposed a novel and simple technology to incorporate interactivity value in a
wireless BCI system and an FPGA-based drive circuit to control electric wheelchairs. The purpose of
this paper is also to upgrade the previous system with microcomputer-based and to compact the size
of hardware circuit. In the proposed BCI system, it has a compact size with low-power consumption
for two channels to extract the EEG signals.

Architecture of BCI

A BCI is a novel communication system which enables users to translate brain activity, measured
by Electroencephalography (EEG), into a control signal and sending to processing unit. BCls have
been exposed as a promising tool for paralyzed people and healthy people in several computer
applications such as medical assistant devices and video games.

BCl is a system in order to acquire and analyze brain waves in which a communication channel
with high-range bandwidth has been created between the brain and the machine. Recently, the
research field on BCI provides a new direction to construct an interactive system which can translate
human brainwave into control signals for computer-application devices. A BCI system is just to
translate EEG signals from a reflection of brain activity into user action through system’s hardware
and software. BCI approaches are based on a variety of strategies to generate control signals which
may be the result of visual stimulation or of imaginary motor tasks.

Structure of the Proposed BCI for Electric Wheelchairs

As shown in FIG 1, the proposed framework for the signal processing of EEGs with Bluetooth
interface is expressed. The EEG signal was extracted from EEG acquisition module with two
channels. In this system, we used the NeuroSky's ASIC chip to capture EEG and eye-winking signals.
With the sensor on headband to read brain waves, the brainwaves raw EEG were transmitted by the
Bluetooth wireless module HL-MRO8R-C2A in the EEG acquisition module. In the receiving part,
we also integrated the Bluetooth module HL-MRO8R-C2A in the wheelchair control module. The
raw EEG signals, received from Bluetooth, were processed by an FPGA chip named
XC3S500E-PQ208. The FPGA chip also displayed the operation signals on the 128*64 LCD. The
direction-status unit, controlled and determined by the eye-blinking signal, is an LED array used to
show the moving direction of turning for the wheelchair. The brainwave-score unit shows the



intensity of Attention signal as well as the action status of electric wheelchair is displayed on the
wheelchair right/left control unit. The Attention signals can be transformed as analog signals with a
D/A converter to control the electric wheelchair through the motor driver circuit. The ultrasonic
sensors with four directions are also designed to detect the obstacles around wheelchair.

Wireless EEG Acquisition Module

The wireless EEG acquisition module, shown as in FIG. 1, mainly consists of two sets of
NeuroSky ASIC chip named TGAM1_R24A and wireless transmission unit to organize two-channel
EEG acquisition module in order to extract EEG signals stably. The EEG chips pass signals through
A/D converters to convert analog signals into digital signals. Every NeuroSky ASIC chip also uses
DSP circuit and an MCU to get high-quality EEG signals and reduce the noisy interference.
Additionally, the chip has an active electrode to extract EEG signals and two reference electrodes. It,
working on a voltage level of 3.3V, can send EEG raw data and big-package signals to peripherals by
series manner with a baud rate of 57600 bps. Here, two Bluetooth modules HL-MDO8R-C2A are
used as the wireless transmission unit.
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FIG. 1. System architecture of the proposed BCI for
electric wheelchair.

For the wireless EEG acquisition module, an I/O port acquiring the EEG signals is named Active
Electrode Port which can be connected with an electrode to attach on the forehead as well as Reference
Electrode Ports are affixed on hand as reference points. Then the analog EEG signals have to be
amplified, filtered, and converted to digital manner through TGAM1_R24A to form raw EEG signals.
These raw EEG signals can then be fed foreword into the Bluetooth transmitter HL-MRO8R-C2A on
the port TXD with the UART manner.

The Bluetooth transceiver HL-MRO8R-C2A was selected because it has low-power

~ " Grounding



consumption, supports many interface protocols (SPP, SDP, GAP, L2CAP, and RFCOMM), and can
be designed a wireless interface with a simple manner. The photograph of wireless EEG acquisition
module is shown as in FIG. 2. In order to effectively acquire the suitable EEG signals, 2-channel
electrodes were bounded on the forehead as well as grounding electrode was tied on a hand.

Wheelchair control module

The wheelchair control module was implemented by a Xilinx FPGA chip named
XC3S500E-PQ208 shown as in FIG. 3. It occupies 500K system gates equivalent a number of 10476
logic cells, in which we organized EEG analysis, Clock driver, ultrasonic, DC motor, and LCD
cControl units. The block diagram of wheelchair control module is shown as in FG. 4. In the block of
clock driver, we used 40 MHz system clock to generate 1.25 MHz for LCD control circuit, 1 MHz for
ultrasonic control module, and 76 Hz for DC motor control circuit, respectively. In the block of EEG
analysis, we directly used system clock (40 MHz) to detect the brain-wave packages received from the
Bluetooth receivers due to series and asynchronous manner being followed in the wireless transceivers
in order to avoid losing package data. EEG data were separated into raw EEG and big packages. We
can receive a big package and 512-byte raw EEG data per second. FIG. 5 shows the implemented
circuit of the EEG Analysis module. The input data were received through Bluetooth with a series
manner. In the circuit, we used a buffer and a counter to convert series data into parallel manner. In
accordance with the state counter, the big package and EEG raw data were separated and stored into
BIG_PACKAGE RAM and RAW_EEG RAM respectively. If the input data in the current state is not
correct, the state counter will be reset into waiting state. Additionally, the winking signal was detected
by using of comparison RAW_EEG with the winking feature. If the winking characteristic was
matched, the winking signal was sent through signal EYES.
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FIG. 5. The implemented circuit of the EEG
Analysis

FIG. 4 The block diagram of wheelchair
control module.

CONSTANT MOTOR_DAC

(DAC_DATA)

FPGA
Module

MOTOR_SSR

ADDRESS

»

STATE
COUINTER

EYES

2@—» CLK RST
RESET

>Atention
MOTOR_CONTROL

COMP

Q70] ¥

COMP

MUX

UP_COUNTER
(TIME)

CLOCK

CLK

SSET—

PG CoMP

FIG. 6 The implemented circuit of
DC Motor control module.

FIG. 7. The whole circuit of the proposed
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In the DC Motor Control module, we used EEG raw data and big package with 76-Hz clock and
ultrasonic PING data generating MORTOR_DAC1/ MORTOR_SSR1 and MORTOR_DAC2/
MORTOR_SSR2 to control left/right DC motors. In the big package, there are several information
including Attention, Meditation, Signal quality, a-, -, J-, and &-waves. The raw EEG is used to be

shown on the LCD panel directly as well as the winking is also detected in the raw EEG if the Signal
Quality is stable. The wink is confirmed in accordance with a winking pulse was detected in the raw
EEG by using of a 76-Hz sampling clock. Therefore, the winking signal can then be used to select a
suitable direction. The selected direction is also displayed on the LCD through the DIR connection line.
When the wheelchair is on the way forward according the intensity of Attention signal, it also detects
the obstacle continuously by using of the PING signals from ultrasonic module. If the obstacle is
detected by ultrasonic module, the wheelchair will be forced to stop.

The hardware implementation of the DC motor control module is shown as in FIG. 6. In FIG. 6,
we have another state counter to decide one of the states such as turn left/right, angle control, or go
ahead in accordance with the winking signal to select a constant in the DAC_DATA RAM. The
constant is used to send the driver of DC motor through MOTOR_DAC to generate a suitable speed.
The signal MORTOR_SSR is generated to turn on/off DC motor. The switch time of on/off is decided
by UP_COUNTER. The signal PING is used to detect the obstacles in the way the wheelchair goes
ahead.

The wheelchair is controlled through two motor drivers from MORTOR_DAC and
MORTOR_SSR to operate two DC motors providing both of steering and propulsion. The electric
wheelchair has two 12-Volt batteries with 31-50 Amp-hr to support 24 V for the whole system motors.
The 24- Volt battery is directly connected to the motor driver to provide the main power. They have a
continuously variable speed from 0 to 4 MPH. Two drivers provide control power to the two DC
motors. A D/A convertor named DAC0832 was used to generate a control voltage (0 - 5 Volts). This
control voltage will be amplified to 0 — 12 volts by means of an operational amplifier. In order to
enhance the current to drive the DC motors in the wheelchair, we use two Darlington circuits to
amplify current to increase the torque of the motors and let both sides of the rear wheel can easily
drive electric wheelchair. A protecting circuit was also used to prevent the reverse motor current burn
the circuit. A regulator circuit was also embedded to generate three stable 5-volt voltage sources from
12-volt battery to support FPGA platform, ultrasonic sensors, and LCG display. Two Bluetooth
sockets are mounted into the socket for the 12-volt battery as well as an on/off switch was also set for
the DC motors. The whole circuits of the proposed electric wheelchair system are mounted in FIG. 7.

Experimental Results

The frequency features and conditions of EEG signals can be coincided with the five low
frequencies. The condition is drowsy and sleeping if @ wave has a high intensity. When person is rest
and relaxes, his/her « wave shows high amplitude as well as g wave is high strength if he is waking.

In this paper, o wave was selected to transfer as Attention signal in the NeuroSky’s chip to control
the wheelchair going ahead. Comparing with the previous system [5] proposed by the author, the
proposed electric wheelchair can be easier operated smoothly. Owing to using two-channel
electrodes, the EEG signals extracted from acquisition unit are more stable than the previous system.
There are several related articles having been proposed in the field of EEG-based electric wheelchair
[2-4]. In Table I, the proposed electric wheelchair was compared with references [2-5]. In the TABLE
I, we can find that the proposed FPGA-based electric wheelchair is more suitable in the practical
application than other systems.

Conclusions

In this paper, EEG and Eye-winking signals through a BCI interface based control for electric
wheelchairs with FPGA-based and wireless scheme is proposed. In a conventional wheelchair system,



users require hand to control electric wheelchair. In the proposed system, simple 2-channel electrodes
were used to stably capture EEG and eye-winking signals from the forehead and transmitted to the
receiver on a wheelchair through a Bluetooth interface. The proposed system is low cost and easy
control with EEG and eye-winking signals with a compact physical size with an FPGA chip to
replace a microcomputer module. The raw-EEG signals were calculated by an FPGA chip and
transmitted the control signals to control two DC motors on the electric wheelchair. The experimental
results showed the proposed electric wheelchair can be easily driven in practical application.

Acknowledgments: This work was supported by the National Science Council, Taiwan, under the
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Table I Summary of comparison for different methods

Methods # of electrodes*  Control system Obstacle avoidance BCI-Wheelchair
interface

[2] 13 Personal computer none Wired

[3] 4-8 Central control unit Laser scanning Wired

[4] 3 Central control unit none Wired

[5] 1 Microcomputer Ultrasound Wireless

Proposed 2 FPGA-based Ultrasound Wireless

method

* Except the reference electrodes
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