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ABSTRACT

A method of improving information transfer rates of BCI is to select an appropriate
signal processing algorithm to extract the user’s messages and commands from his
electroencephalograph (EEG). Then we develop an algorithm of estimation ERP from a
record with the statistically independent background EEG noise based on autoregressive
model and wavelet multiresolution analysis. But the algorithm have high computational
complexity and the amount of data from scalp to be processed is large, it is difficult to
implement the algorithm in real-time only by software achievement. So we put forward
the method of extraction the BCI carrier of communication based on FPGA.

In our case, the low-level signals processing procedure with the characteristic of
high computation load but relatively ssmple computational complexity, is fit to be
implemented by hardware. The high-level processing procedure with low computation
load but computational complexity high, is fit to be implemented by DSP. So, we bring
forward a design project to construct the hardware platform combined DSP with FPGA
for extraction of BCI carrier of communication.

According to this project, we developed a hardware system structure aimed at this
idiographic application. In this structure we take full advantage of waterline processing
mode and dual-port RAMs to ensure data processing with high speed and high
efficiency.

Subsequently we adopt the Top-Down design method, and divide the algorithm
into several different function modules, includes interface block, memory block,
operation blcok, control block, and so on. Then design and achieve the modules
respectively using the high level description language VHDL.

Finally by means of the integrated EDA tool QUARTUS 114.0 and combine the
Stratix device, we complete the design. Experiment results showed that, this system can
achieve Single trial ERP extraction for brain-computer interfacesin real time.

Key Words BClI Wavelet Transfoom AR Moded FPGA VHDL EDA
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3.2
3.4
ENTITY iolS
PORT(
din :IN  STD_LOGIC_VECTOR(7 DOWNTO 0);
clkin :INSTD_LOGIC;
cs 'IN  STD_LOGIC_VECTOR(1 DOWNTO 0);

clkout :OUT STD LOGIC;
dout 1,dout 2 :OUT STD_LOGIC VECTOR(7 DOWNTO 0));

END io;

cs

2 cs2 1 csl 1
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dout_1<=din csl O
dout_2<=din clkin
clkout clkin
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dual-port RAM
entity sdram is
generic(  width : integer:=8;
depth : integer:=512;
addr : integer:=9);
port(di :instd logic vector(width-1 downto 0);
do :outstd logic vector(width-1 downto 0);
we,rewrclk,rdclk :instd_logic;
raddr,waddr :instd logic vector(addr-1 downto 0));

end sdram;
8
512
3.6
wrelk e rrere ordelk e rererrte
we _] L re _| L

din < XXX O raddr <X XK CO—
waddr — XXX O—  dout — X XK O—

3.6

3.3.2AR

8*8 FIFO FIFO
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3.7 AR
AR 3.7 Din 8 Dout
wrreq rdreq reset
clk full empty
wrreg 1 full 0
clk Din FIFO
1 full 1
rdreq 1 empty 0
FIFO Dout
1 empty 1
full  empty
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reset 1 “ o
34
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AR AR IAR AR
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32
i | h() | di) | () g (i)
-4 | 0.0000 | 0.0000 | 0.0000 | 0.001953125
-3 | 0.0000 | 0.0000 | 0.0000 | 0.017578125
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03750 | -2 | 0.3750 | -0.181640625
0.2500 2 0.2500 | -0.072265625
0.0625 | 0.0000 | 0.0625 | -0.017578125
0.0000 | 0.0000 | 0.0000 | -0.001953125
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7 mulcell addcell

component mulcell
PORT(dataa: IN STD_LOGIC_VECTOR(7 downto 0);
datab : IN STD_LOGIC_VECTOR(7 downto 0);

result : OUT STD_LOGIC_VECTOR(15 downto 0)
-32-



)i
end component;
component addcell
PORT(dataa: IN STD_LOGIC_VECTOR(15 downto 0);
datab : IN STD_LOGIC_VECTOR(15 downto 0);
result : OUT STD_LOGIC_VECTOR(15 downto 0)
);

end component;

mulcell
dataa[7..0]
p 1237 ()]]\/(jres.llt[ls..o]
al ..
T dataa[15..0) -~ 24deel!
inst result[15..0]
datab[15..0]|A"
dataal7.0] mulcell -
:(jd ab[7"0 result[15..0] J inst8
at. .
addcell
; dataa[15..0]
instl result[15..0]
el datab[lS..O]E 5.9
dataa(7..0] -
dateb(7.0 result[15..0] inst12
= ddcell
- dataa[15.0]p~ ¥
inst2 daa:Z[lS O]Aj result[15..0]
mulcell [15.0)
dataal7.0) J inst9

result[15..0]
[catan(7. g0 =

addcell

- dataa[15..0

inst3 2415.0) result[15.0] | -
il datab[15..0]| A ;

dataa[7.0] insta L

result[15..0]
da:ab[z.oj( : " ~ddcal

inst4 3:::1:“2] s _TESUI[15.0]
dataal7.0] mulcell - [15.0)
result[15..0] J inst10
g QIS0 -
- dataa[15.0]
inst5 j result[15.0]
datab[15..0]| A+
data7.0]  MUIe! _
:]\,Cdalabﬁo result[15..0] inst13
= addcell
inst6 datasl15.0) result[15.0]
P datab[15..0]| A+
| dataal7.0) result[15.0] J inst11
inst7
310 AR
8 16
16
35
7
8 9
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ENTITY ar IS
PORT(
datain,coefin: IN STD_LOGIC_VECTOR(7 DOWNTO 0);
clkO: IN STD_LOGIC,;
encoef,endata : IN STD_LOGIC;
enable :OUT STD_LOGIC;
result : OUT STD_LOGIC_VECTOR(7 DOWNTO 0));
END ar;
ARCHITECTURE aaa OF ar IS

BEGIN

Ul:arblock PORT MAP(col co2,co3,co4 ,co5,co6,co7 ,co8 ,tl,t2,t3,t4 ,t5,
t6 ,t7 ,t8,do):

enable<=en;

temp<=CONV_INTEGER(do);

result <= CONV_STD_LOGIC_VECTOR((temp/128),8);

END aaa;
encoef AR
8 endata
enable
arblock 8
3-6
7 7 7
34.2
3-7
y(n) =X gx(n-K) 37
k
Ok X(n-k) n-k

Ok 2
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0.2500 22
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8 H 4

16

PACKAGE n_bit_int IS
SUBTYPE BITS8 ISINTEGER RANGE 0 TO 255;
SUBTYPE BITS16 ISINTEGER RANGE 0 TO 2**16-1,
END n_bit_int;
LIBRARY work;
USE work.n_bit_int.ALL;
LIBRARY ieeg;
USE ieee.std logic 1164.ALL;
USE ieee.std logic_arith.ALL;
USE ieee.std logic_signed.ALL;
ENTITY dec IS
PORT(
din "IN BITSS;
clk : INSTD_LOGIC;
dout 1,dout 2 :OUT BITS8);
END dec;
ARCHITECTURE h OF dec IS
TYPE STATE_TYPE IS (one,two,three,four,five,six,seven,eight,nine);
SIGNAL state: STATE_TYPE;

SIGNAL suml,sum2 : BITS16;
- 35 -
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SIGNAL d1,d2,d3,d4,d5 . BITSg;
BEGIN
delay:PROCESS
BEGIN
WAIT UNTIL clk="1"
CASE dtate IS
WHEN one =>
di<=din;
State<=two;
WHEN two =>
d2<=din;
state<=three;
WHEN three =>
d3<=din;
state<=four;
suml<=din+d2* 4+d2+d1* 8+d1*2;
sum2<=din*0;
WHEN four =>
d4<=din;
state<=five;

suml<=d1+d1*4+d2* 4+d2* 2+d3* 4+din;
sum2<=d1* 2-d2* 2;

WHEN five =>
d5<=din;
state<=six;
suml<=d1+d2* 4+d3* 4+d3* 2+d4* 4+din;
sum2<=d2* 2-d3* 2;

WHEN six =>
di<=din;
state<=seven,
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suml<=d2+d3* 4+d4* 4+d4* 2+d5* 4+din;
sum2<=d3*2-d4* 2;

WHEN seven =>
d2<=din;
state<=eight;
suml<=d3+d4* 4+d5* 4+d5* 2+d1* 4+din;
sum2<=d4* 2-d5* 2;
WHEN eight =>
d3<=din;
state<=nine;
suml<=d4+d5* 4+d1* 4+d1* 2+d2* 4+din;
sum2<=d5* 2-d1* 2;
WHEN nine =>
dd<=din;
state<=five;
suml<=d5+d1* 4+d2* 4+d2* 2+d3* 4+din;
sum2<=d1*2-d2* 2;
END CASE;
END PROCESS delay;
dout_1<=suml/16;
dout_2<=sumz2;

END h;
VHDL

31
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3.11b
3.11C

-37-



3.11d
9 1
59
-2 -1 0 1
h 1/16 1/4 3/8 1/4
g 0 2 -2 0
X(i) h
a
-2 -1 0 1
h 1716 1/4 3/8 1/4
g 0 2 -2 0
X(i) h
X(1)
b
-2 -1 0 1
h 1716 1/4 3/8 174
g 0 2 -2 0
X() | X@ XD (XD X

____________________

___________

FPGA

___________

___________

___________

___________

-38-

X(1)  X(2)
X(2)  X(3)
X3 X4
X(4) X3
X(3) X4

X(n)

X(n)

X(n)

X(n)

X(n)



-2 -1 0 1 2
h 1/16 1/4 3/8 1/4 1/16
g 0 2 -2 0 0
X(i) X)) X2 X@) X&) );('(r; LX) X() X(n)
| d5= |
dl <« d2 < d3 € d4 €} (oo |
L____‘,l____}
d
3.11
3.4.3
3.4 G 2
34 G 2
2
0.001953125 29
0.017578125 2946
0.072265625 2% 427404
0.181640625 2% 427428425 428
-0.181640625 29 427425405 403
-0.072265625 - 29427404
-0.017578125 29426
-0.001953125 29
G 9
8+9+1+6 24
1 6
8
ENTITY red IS
PORT(
dain,dbin :IN BITSS;
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clk : INSTD_LOGIC;
dout :OUT BITS8);
END red;
ARCHITECTURE h OF red IS
TYPE STATE_TYPE IS (s1,52,53,%4,55,56,57,58,59,510,511,512,513,514,515);
SIGNAL state : STATE_TYPE;
SIGNAL suml : BITS24;
SIGNAL sum2 : BITS16;
SIGNAL y1,y2 : BITSS;

SIGNAL dal,da2,da3,da4,dab,dab,da7,da8 . BITSS;
SIGNAL db1,db2,db3,db4,db5,db6,db7,db8 . BITSg;
BEGIN
yl<=suml/512;
y2<=sum2/16;
dout<=yl+y2;
END h;
15
G H
3.5
CPU
CPU
ALU
CPU
10 20 CPU
VHDL
CPU
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512 512 9

ENTITY addrgen IS
PORT(
clkin  :INSTD_LOGIC;
addrout :OUT STD _LOGIC_VECTOR(8 DOWNTO 0);
enable : OUT STD_LOGIC);

END addrgen;
enable 1
0 511 1
3.5.2
1. Moore f f
2. Medy f f
3.
Moore  Meay Moore
Mealy
AR
Mealy
Mealy
sa b
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469 -121 -124 -111 505 -82 -82 -82
470 -118 -124 -108 506 -84 -83 -86
471 -115 -124 -106 507 -86 -84 -90
472 -112 -122 -105 508 -86 -85 -93
473 -110 -121 -102 509 -85 -85 -98
474 -108 -118 -101 510 -85 -84 -104
475 -108 -116 -100 511 -85 -83 -114
476 -109 -115 -101 512 -85 -83 -128
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EP1S10 | EP1S20 | EP1S30 | EP1S40 | EP1S60 | EP1S80 | EP1S120
10,570 | 18460 | 32,470 | 41250 | 57,120 | 79,040 | 114,140
M512
RAM | 94 194 295 384 574 767 1,118
M4K
RAM | 60 82 171 183 292 364 520
Mega
RAM | 1 2 4 4 6 9 12
RAM
920,448 | 1,269,248 | 3,317,184 | 3,423,744 | 5,215,104 | 7,942,520 | 10,118,016
(bit)
DSP
6 10 12 14 18 22 28
48 80 96 112 144 176 224,
6 6 10 12 12 12 12
422 582 726 818 1,018 1,234 1,310
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