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Abstract

With the advancement of society, people pay more and more attention to the brain
research, and many scientists from all over the world regard the 21st century as the age of
brain, which show that people want to find out brain’s mystery’s eagerly. Recently, China
has produced several kind of EEG acquisition equipments in this field. However, there still
is a large gap between the Chinese equipments and the foreign ones, further more the core
components mainly rely on imports, which makes them more expensive and restricts the
domestic study on EEG. Therefore, it is of great practical significance and application
value to develop EEG acquisition devices with independent intellectual property rights.

Firstly, the research background, significance and research status at home and abroad
were analyzed. The working mechanism of EEG acquisition was elaborated. The
classification of EEG signals and the use of brain electrodes were pointed out. Finally, this
paper put forward the overall design of the system, which focused on the functional
requirements and performance requirements of EEG acquisition system.

Secondly, under the development environment of Altium Designer Release 10, this
paper designed the peripheral circuits of the STM32 microcontroller respectively, which
including the power circuit, serial communication circuit, JTAG circuit, and impedance
detection circuit;Besides, set up the Peripheral circuit of integrated chip ADS1298 which
replaced the discrete components in this article, that including the analog front end section,
right leg drive circuit, and signal preprocessing section.

Again, in the IAR Embedded Workbench development environment, the STM32
main program, A/D conversion program, serial communication program, SPI program and
initialization and register module of ADS1298 were compiled separately; Finally, with the
help of the integrated development environment Microsoft Visual Studio , Compiling the
program of the upper computer software and its collection and storage process.

Finally,this paper conducted a preliminary test in accordance to standard digital
JJG1043-2008 national standards GB9706.1 key, while using experimental verification

EEG acquisition system feasibility test, results show that the designed 24 channel



Abstract

EEGacquisition system performance is good, and can be used to study rain function and

clinical diagnostics.

Keywords: EEG Acquisition; STM32 Microcontroller; ADS1298; EEG Test
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Ihfg MCU & #EFG. i H MCU 5 CPU MLL, RFIRIKIE/N, THFERI At KR
TR, AR T R R AR, R T IR TR K. R BRI A
SCWTHEK Y STM32F103VET6 fiz il s RAE A E4t . HaitgiE Bl 3-3 fir

TRo
< FLITF :(> Flash
d
Cortex-M3 DCode
System ﬁ

SRAM

Matrix

Bridgel
Reset &Clock
Control (RCC) l

ADCL GPIOC DAC SPI3/I3S

ADC2 GPIOD PWR SPI2/12S

ADC3 GPIOE BKP IWDG

DMA2 1 DMA USARTL GPIOF bXxCAN WWDG

1 Request SPIL GPIOG usB RTC

N TiM1 EXT1 12¢2 TIM?

TiM3 AFIO 12C1 TIM6

GPIOA UARTS TIMS

GPIOB UART4 TIM4

USART3 TIM3

- i USART2 TIM2
N DMA

Request

&l 3-3 STM32 L5 HE A

i HR AR RGUAT T MCU BB B R Lo, To IR R AR FE 7 T A7l
) 85 A 7 T 30 55 2 11 45 7 THD TS 0k AR v () T 2 4 R e i FRL PSR4 . fH
e RGIAT MCU ] AID #4f m AAT ARE M ER, HORAE RGP PURIH 4 75
LN HATRCE . (HRH TS 5@ E 2 nv 20, AR B EFT MCU 1)
A/D F 5y IR FEREE IE B HER, i DLAR ST 23 6 HURS P2 5 e 1Y) ADS1298 1 #5440
P AR FTRUR B3 5 STM32F103VET6 fuf 7 il s K Al H . STM32F103VET6 a4 il %
H BAA S I T

(L)NHZER5r  Cortex-M3 ] CPU 1 32 fi[¥] ARM 14 ZRAEHL, TAESA A LA |
72 MHz, BARGER KN DIARYERE PP 0 SO Y, BEW] LAg A7 5 e Sl R i 4
VEREA RV

()FF a7y 4 512 KB [ INAFFE 470 #s (Flash) A1 64 KB i BEATLAE L
174t 4% (SRAM)..
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93 & MG TRERGEA BT

QRVEFZ s HHIZENE 4 3 16 MHz FEE S AR %% . 8 MHz [ RC
Przias Ll [ 32 KHz 1) RTC iz %, Herp RTC $ik i as & A R HE DI RERY -

(ARIHFEIR > F il 2% T LU I g A2 S B BRARAR = L A WL R AL 1 B
HH D45 LA 3 AR DIAE ) B 11 6

(5)DMA #i5)  STM32F103VET6 H A5 7 /MilliE K] DMA, [Fif DMA ] LASZHf
FIob A FE et 48+ SPI. 1IC Fil USART 4.

(6)EmfZRH o  BA 34 16 At a4 B e 28 5 4 AN TH IR/
Bt EE AU kb T B IEIE, B A 16 £ 6 IETE m AU E R AR 2 MR T E R
A —A RG] [H] 2 B 25

(MIEFEREOES 215 54 USART M. 2 4 SPI F 4780, CAN £
FTUSB 2.0 4= 1. 24 1IC WU B8 A 2 A~ NSBY,

STM32F103VET6 % il &5 it ig AR H AR, ER A RA NI FE R ER L, fevw
BEARTT RN R TAE R INRTT A GEFE VAN LR o T B 2884 £ % 80 N2 Ihfk
XA BV AW 1O 1, 55— J7 LA AT &I ITAG 42 FR U T fh ik £,
AR T S3AME B R AA s 6], BN, W CPU AN
F& RAM Flf b FLASH #5288 A BRG], TERK RGN A T 29 R
RAM H1 FLASH, #4257 7] LA FAERHE s &% 1 N B AT AAE IS 4T, AT, 1M
H ARG RE WS i MEH 8 R — A FE AL RS, KE4 A DCode H4&.
System %k . i DMAL % DMA2 £k DUANBKEh 85, i L b 7 ## Al %0
STM32F103VET6 fuf#5 il #5 AF  id& A 1 I FR AR RGN 4580 v, 584 T LU e A
TR

3.3 STM32 IR AR AV BB FE RS 1T

3.3.1 HREBEIEIT

LR i R AR R G SR s D I B EEER A, b [FK & IR, AE R
GBOT R RAE R ERERMME. — BRI ISR AR A B, wlA T
RE I8 A IR B AR T S M B RGN IR 188, A SRR N fr, iR
ALEFIRS, R IR B2 RS

ARYKH USB fibre, I R R IE USB HIAIZIEN 2 J5 13 3]+5 V B EIR
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AL K5 TRRA 218 ST
. B as A I 205 NI B, O 7 ORBE 2 it HLE I 75
FORUE BB 5 NARERR I B 0 & 5 IR E AT R B, AR R gttt 1
LT3439EFE [ B AL IR e e, Ke+5 V B AL AR AU IR AL 40 A8 TR A5 A AR
N B DAIK B B AR5 R LR A (0 H Ao RS LR 0 & 3-4 TR

VBUS
us
%] . TLg
LT3439EFE 31 1C
2 ; e
1L AN~ COLA 241 [
D) E
5
Z SYNC COLB 14 3)
22uF 107 C32 - Gi \ EF20
Rt% 2 2 R
1 68 ¢
GND c31 H R46 Ra5|1 34Kk
= 16.9KQ
680PF
= | = GND
| GND| GND
GND e
GND

5] 3-4 I 5 FRLK
Britbz 4h, RGETEE 3.3V K. 3.3V HEAT ADS1298 %7 /)it s Al
RE &SR, 5V AT ADS1298 S H /it . K58 3.3 V [T
DA AR VR LD1117 FH 5V HUR 415 3o [FIFEA T ARIE 2 G PR AN B
FEMN SRR RGP B B, AR BN 3 B AT HH ek i 1 R PR A AT R
U 3-5 Ff7+5 VI HL ST LDA117 (6 2 %5 B N\ o G 3o e S s e 9 S £ 3 485
Himt =3 2+3.3 V R .

= VCC3.3
U7
L GND 5
) ouT
vCCs IN
+C1 LD1117 +C2
== 22 uF/10v == 22uF10v

L

K] 3-5 [& )& HL %



3% WSS R RGO it
3.3.2 EOBEEBIZIT

FE STM32 & vk, H3 A i i F R0 P UK 25 (USART) . B SRR R
[ 3005 2= X0 B2 T A5 [ IR R 22 AbFR AR IEAT, B RO B 52 B 2 Jl i 1 ok
TR . HR (S BN T SEILAR 6T v 77 (B i B TE Y — P % . BRAR USART 1
FArd B2 LU AN AT I8 45 T @ (E Hlcio a7 vH ), (H= R s AE i AR s AE
Fre T DASE LG B B IS HATZR BN O T AR SCRIIN FRAE R ATHLEE S PC ML
ITIBME, REUKRA T RS232 A, LU BETEMMEN. BRikz 7 RS232
WHERZ S, GERR. fTEHUR TR, KBk 3-7 fir.

b CH340G 2 1EN USB &£k s i ), HA USB #5H [ USB ¥
FTEN%EThAE. 17 H CH340G e RibARH 778, ©HA4®E USB #1H, FHE
USB V2.0 HZMH H 48 G AN 53 2 #52  F I 28 . VCC S IE HLIR, 38 75 B2 7E
HAMEBA N/~ 0,01 uF [ LR . B FAEC A BT T SRR s A R A
AR, 23 A R I R AR AT 51 A2 FEL R 2 b R PR AR BRAEG, A1 7l ont el A B A
e T BRI P30 75 1 B 2R SRR D 2 B 25 DAVR/N LU
(IR Ak, B 240 303/ P Y 75 AR sl 2> S vt LB (52T . AR DL, X R AR
BRI SR IR S5, A% C=1/F, 100 MHz B AT HY 0.01 pF. GND &/ 3L
Hif, SO EEEER| USB MEMIHZ . V3 5IHI7E CH340G SR 5 V fitHi i 5 345
0.01 pF ML FEEHN, 2435 Fr=R A 3.3 V LIt W 4442 VCC F 4 HE . XI Al XO &
rirs I PRV N 0 R SR A HE oy, 9 B N A A R S I R A 90 35 PR ) ol L2 = a8 SR
s, Horb A R BB IE ] . RTS#AT DTR#Y A IR 2% (L2 4 s 5
LA EATH NI LUE BOOTO 42 fREF i B, AT SE I — 8 R4 Thfg. UD+
A UD-J2& USB {5 545, Al ELE 12 1] USB 2 (1) D+AT D-$idf 28 K s PR A%
CH340G 7 H H e 4 b 1) HARAE F ] 3-6 B

45 H# OUART/RS232
i+ﬁ*}lﬁ% USB
e CH340G
A IF O FTERHLAUSB FTEIHL

3-6 H 1§
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1L R 2 TR AR L 22 A 18 3

133V

_vce BOOT

GND!| H
0.0LuF
o3 ca2

0.0wF 22uF 1

2
1 RXDRTS #
V3 DTR#
i } UD +DCD#
vee &1 UD- RI#
Xl DSR#
XO CTS#

CH340G

R50
1KO

GND VvCC
1 TXD R232

R49 []
15 10KO
14
13

12

|

[
-

R51
10KO —
GND

10

©

N

- |:| H +3.3V
Rx
1KO

—— C4l1=——= C40 B

22pF 22pF

1

RSET

GNDI”

] 3-7 B LA LB
CH340G SERr b1 TS 2 2] B AT HLF R AL ERES 53 (0 1E A, 7 (8 EAT]
PN Z AT B AR S A AZ e o 177 USB JUIAH 24 T B4 D R4 B F I T 2. AR ST
Wk USB HL% an & 3-8 Firr

USB FUSE VBUS
L M
VBUS oRsg— 150 D-
3R39— 150, D+
D+ —]
NC —2
oND—2 rRvil Rv2] Rv3
Sheild H

3-8 USB Hii%
45 VO E AR E IR A FUSE(RES 22) 15 11 F it KBS0t Fr, D+
D- Ul 43 113%4 CH340G 1 UD+H1 UD-.,

3.3.3JTAG HEIZIT

JTAG & —FH Brbr MR r i (IEEE 1149.1 %), H &= Ehfe 2o i
Debug. & RVFZAE @ JTAG ERE— M —1 JTAG 4, F1jin MCU
IR AN Flash. RAM 2540 . ARYE JTAG Ph 7R 2, DUR(E 5 2k8iER— 1 10K
HFH 5% 3.3V, FHHEAEI#HE MCU K GPIO 5]z, H K 3-9 fir.
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55 3 & NS 5 oRE RGBT

.

JlOKQ 10k | 10| 10ka| 10kQ L Ve vee —2

TRST S TRsT GND —2

-l:I'DI\}IS/SWDIO i j el e Z
TCK/SWCLK> T™S GND

TDO/SWO I_'_g TeK enp —L2

\—“ RTCK GND |—22

— 1o GND —

RESET 15 srsT GND —2

— N onp | —28

19 20

—== NC GND
HEADER 10X2 J—:
GND

K| 3-9 JTAG HLI%

3.4 ADS1298 fE# LRI H

3.4.1 ADS1298 & BI 5/ 43

T I R AR R G BRI S S R SIS S50, AID #f,
S5 S5t A FRAE . T STM32F103VET6 s il 8% (1) A/D Bk e (ryHG i
AN B RAEG A5 5 R, T LA SO 203 SRR FE FE e R0 65 KRR LA 5 o
{F 2 BT 10 A5 5 A — A L 58 PR AN, S R 23 B Ak TR AR ), LA T A 5 e
PG A TR A 2, B SE O RS S O S T B F B A
SR HARRAKR . Them, WG fEIEw AT . B TI AR ADS1298 =
FEIE AID B4t b Mg uk 7 ax s @, S0 SR T ORI ARV i R R ThRE, Hha
FERORER . AID 4, SRR FIRGDE 2R P . K2 5055 S e 4 U UK 8 ) st
0 b AR5t 80 dB, {HZ 8 fits i ADS1298 K JLA M L i s 3 1 115 dB, 4t
THRRE TSR, BT ADS1298 fe it 56 35 & AR5 Sr oo 2 s RS AU AT o, 396 2 AR S
W R

U JLAEK ADS1298 J o =97 #8372 0Gm 1) — 3k dh . BEA |,
ADS1298 5 U it iy AT DAL T B B L O HCR BELHE L R AR 55 . T L
ADS1298 & —AMIKIhFE. 8 I, 24 bit LTI, MAEEE EoR e &/ A A
T EEA, R & ADS1298 [t S K E I -

(1) EA 8 MG 5 ) m] 4w FE I 25 JBOK &% (Programmable gain amplifier, PGA) il 8
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Al W e A7

HA &7 W S 7 74 22 (ADC);

(2) BuEfEE 2 n] LU 250 SPS F| 34 KSPS, EARK/INa] DLIE T 4 A2 1 45 5

(3) ImFE A TR R R RN AL, 2, 3, 4, 6, 8EFH 12;

(4) WETBCK AR SRR I ATINRAE 5 5%,

(5) T, RIEFMCRST, Retg SCl iRk,

(6) BAKMITHFE, {KZ 0.75 mW/ERHEIE;

(7) N E BIRA 200 pA;

(8) FLALHMHI L y-115 dB;

A HIEVL ERER, B, ARG NS T4 A 7 R 4 R
Fr ADS1298, HARUE T HEE MRS, I T RS O RA 64 5| TQFP &
%, FELLME 3-10 Fros.

'é z 2 E 00w o Paa Q a o o

532555%2935¢%52835

= = r o << <L ST o aoao

646362 ]61]60 595857 56]55]54]53]52]51]50]49
INSN | 1 48| DVDD
INSP | 2 | 47| bvDY
IN7TN | 3| | 46 | DPIO4
INP | 4 | |45| DPIO3
IN6N |5 | 44| DPIO2
IN6P | 6 | |43] pouT
INSN [ 7] 42| DPIO1
INSP | g | 41| DAISY_IN
IN4N | 9 | |40| SCLK
IN4P | 10 | 39| cs
IN3N |11 | /38| START
IN3P | 12| 137] cLk
IN2N [13] /36| RESET
IN2P [ 14| 35| pwWDN
ININ |15 | 32| pin
INIP [16 | 33| DGND

17‘18‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28‘29‘30‘31‘32

N v O 0 wn o Z2 < — N oy
A YL 00 L Lo 4o G e >3
>>>>>'5'.:JE<Z<Z<$>
O T T T T L9 9 S B <

TESTP_PACE_OUT2

TESTP_PACE_OUT1

3-10 TQFP %%
ﬁi%ﬁ%%%%%ﬁ%%ﬁlg%%%ﬂ5%%%&%&%\1%%%\1§
MR, 2 SR ), BIMASCN R SRR S S 1 3 fr 8 i) ADS1298.
EATRAER) SPI @ A e B R R BT E R A WA 3-11 o . I IX AR U7 U]
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PLEAB AR SRR TS, AW RSB —FEHNE.
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