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ARTIFACT REMOVAL ALGORITHM ON USING
MUSCLE FES FOR TREATING FACIAL PARALYSIS

ABSTRACT

The major task of this research is to develop a stimulus artifact removal algorithm for a
closed-loop FES system, which aimed to restore blink function on facial paralyzed.

Our FES system achieves restoration of synchronized blink through processing on EMG
signal from eyelid of healthy side in real-time and stimulating the paralyzed eyelid. The artifact
removal algorithm works to protect the recording of EMG signal from stimulus artifact.

My research is two-phased. During the first phase, | designed a blanking-based artifact
removal algorithm, which stops the blink detection for some time after each FES stimulation.
During the second phase, | develop this algorithm into a filtering-blanking-combined algorithm,
and realized a 1* order IIR digital filter on the MCU.

Both blanking and filtering-blanking algorithm was tested in animal experiments. Our
system finally achieved 90% detection accuracy in the maximum detection rate of 2times/s.

Key words: FES, stimulus artifact, blanking, digital filter
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1.1 EHZRERE

PR RS, BARFRINRE, A& AT SIS 3 D) B AG 9 BRI — s DL o 10 WE
FEREG AMA MR, S A S R L RIEARNGE . FIREDIRE .

TRV 55| A P B P P ) 2 — R R L M R A 0 o b T HZ AR A2 N Al ot i v IR sk T R 4
HRAG 1F- B, Bk LHZIRBE )5, W ANBRES B T KRR A TR, &S8R,
fE—etlom i 24, HESE.

H B4 S e TG 7 7 X e EA S LR

F—FREEFARTX, BIRK4% &R (tarsorrhaphy). HRIGZEEARM A ZiEL F
7&’[%%?3{)}9‘]5@%2”’5 IHPERAE S (B 1-D), (HRXPhFARDRGIE A A DL ARE 52
FIRMR.
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H -1 BRSEAA

55 AR B I URTT 2 B AR S RS IR G P AR A LB 5 2 SRR B (TR 12D
I IR BE 9 A AT DA A IR ISE A8 393 (0 P s A o (ELI SR LT S0 F AR

RGBSR, JF ISR, MY 3 B2 5 b A
YT (T

=

o
c t
B 1-2 BMARIRK ¥ (implantable palpebral wire spring)

=R ThEe M ¥ (Functional Eletrical Stimulation, FES) , RFiE #4544
HAS 5 I L RO B L, AL R e I 3PE (B 1-3). [RI3AR T AL, X Fh7
REA AW, EME. SE7 AR, HE B sSeIR A .
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1.2 AN FES ARG 5{hiE[RIE
THT 20 PR EAR S R R 25 72 2009 (11— B3 K. F. ChenZ% AT 1 “Closed—1oop eyelid

reanimation system with real-time blink detection and electrochemical stimulation
for facial nerve paralysis” CEEHHE IEH (B1-0 . B TERRESES IHITH,
ST R 1 ) AR S IR S ) — MR s 3, B A N IEF MR AL (BMG) 55, 2R)E
B HOR BB SRR NI SR LA B ANz . PR f%R
TEAS SR B0 F3 — M ) T REME R, DRIk 30 52 O 855 A 799 00 R BKG: [] 2 HZ IR P 1)

[41[5][6]

Eyelid reanimation IC

EMG Blink Current
Recording ™ Detection sl Stimulation

Control
Signal

|
|
|
|
|
|
|
|
|
|
Y

! .| paralyzed

Drug Delivery
Pump

Bl1-4 K. F. ChenfF A SR KA HFFFES R S

QrART 7EASE P VLA 5 32 1) D) B P R SRS HEBR BN IZE (stimulation artifact) . WS
EHTHE, 2 LR EFES KRG H BB — AN OCEE R . RO 2 4R S L. EMG
KA IR I FE AR B — B R S P HILPY (ER — BRI BN AL D) EdE T, e )3T i i
PTG BT A BG5S S5ThReM B REE 5 1iE A Z AR — DM ER L, HE
= A R A A S e . B R A o T T RN E 5

ARIRVBEVE T2 BN Q] SEBTHEBRFES 2R 40 HR B Oy 28 0] BREBEMGRAE . A (T4, stk
AT ARV ISR A, X AE OB HEBRE AR R L H A2 — /M DS B RS, &
TN ORI I £ B P — R EHE S (WEEG) FiHkRrEEMEHES (E0G, EMGE%)
DHIEI T s eI BALEE (post-process) ZHAE LA (W-wave) B HERR I NI ™ (177 12
TE KA T MG Szt HE I3k s s s Fy 77 vk 3 J L R RS
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BEF hTHBREERRER

2.1 R RBRIFIL FES 2%

AN BT AT Bt i, AW SEIL 7 — AN T FES HR 1 T 25 IR 6 1)
REMKE ARG, KT R — RGBT TEA TR 2 W, Bl A0l R 07 Jm il Az, VR0
e 22 NATERY %11 s5 (Functional Electrical Stimulation For Facial Muscle
Rehabilitation) H,

GRS L VR e B, BT SRR T A — MR LR 2R 45, TR
ZHRURFEARMIRATES) (IR EZIREE) xR, FRATEI REAE . IR AL 2 [
W S8 A RO () R AL FRAS 5 (BMG) SR 4 N IR IRV IE D15 0L, SR /5 1 F H Rl s
X SRS AT L F8 12 AT Ty e M PR IS DA 52 8 T S s A () 282 1) BB 3 4

RaggitmE R (B 2-1, KRG RN=3B5: EMG $2H. BZERBENTN. LL& FES
FL S

Stimulator

Blink
Detection Trigger

B 2-1 ERMEENRH KPR FES RGEH

2.1.1 EMG $ZEu 2%

B, FHAYES BN (Bio-signal electrode) MAE MBI I iC B E S
BN EMG $EGH 7, EMG $REXEHERT B L J5 B UK AS PAA— 200-500Hz H B ER a5 . (&
2-2)

Non-

Instrument Band-pass _ "
Amplifier Filter # R
Amplifier

& 2-2 EMG 1REVER4E 1

FAMEH] 200-500Hz JEFAS, EFNTEZATRIBETTH,  BA TG 7 1EH AR R A
EMG (5 5847 70 M, RIMFEIR IS A SRS . FIRZHRARSZ IR, EMG 155 () 200-500Hz 45t

o4 71 FE 48T



e SHANGHAI]IADTONCUNIVEI{SIIY AL BB R EGETT e ER A By 5T

7’@“ ﬁszl’Jrllaa}#EﬁU R RATIEIX A Z S JELE R BMG (55 R $RE Sk, Al LR At —
I G T BEIR IS SR (R KA - S 41, 18 200-500Hz 15 8 V% 2848 B T FA 1 JER% 50HzZ
SR 7/

A B BUR# e — IMCERIZI, A TR E K CMRR (common mode rejection ratio)
SKHERR FES R Gu P (A ML o3 75 . 1f 5 B I8 0% — AN f (non—inverting) I8 i,
BATH &R E BRI

X — 2 EMG $ELES, AT LA EMG {55 1 $2HX 200-500Hz [ HE ZLHR 4y, HH4E EMG
=5 M\ 200uV HOKE] 200mV IR E (60dB).

2. 1.2 HZHRp 2%

EMG {5 5 25 AL PR 5 38 N HZ BRT54> (Blink Detector).

TEX 2P, EAE ST ADC MEATMEACRE B, SRRERSIE IS 10bit, SRREESE 2KHz,
ZJ5, B EMG 5 5% N MCU 1847 e I HZ BRI 500, DAMOAR S SR 21 045 5 0 Wy
TE R I R HGE T 2 RS o

EMG ‘
I +200uV

& 2-3 HzHR EMG i

AT F AW R — A = ER{ESH Y (triple—threshold algorithm). HFAZHE
f) EMG 15 S7ENEE i BURATE K (B 2-3), Ff HAR4E 0. 3s A A RINAE], FRoA 148 FH 45—
HFER AW R E] EMG &5 IR, WACRBINE SRR T HEE, — Mgt E
Counter # 2 h0; 25—, == BB TRIKIEEE EMG {5 S 2L p I R, Bk szl 77 =X
AR Counter ZEEHE . =ANBME; BEXFERTE0, SREERIN A IR iR
FEIP) EMG 155 B, FF HB R AL 1) EMG 15 S 4e8: 1L Rl , gl e @il & A4 17z
AR Zh1E o

Yz IR EH EEFE BRI, HZ RTINSt 2> fish . FES JEEs  B i

2. 1.3 FES Hi 2%

FES HLBIIBAS R (B 2-4), SH—2 52— 10bit # & 1) DAC, X~ DAC M MCU
Pz R BB s, HRW Ay B RO S

BB B P A 2R (current generator), RV AR A% B G iBId — A buffer SRIE R A
IIRBNRE ST, RIS 80K DAC I H R R e (o R T o« A IR — /N B i = A
R H R HEHR A A P4 1, T LR ek e A ek Fe L 4D LA R 5 s 8 LA« 8 P R
A TE R R SRR 2, 7 FES BRSNS, 3R WURZhE S B AN R e I, T
SE R
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Stimulation
electrodes

DAC1
Stimulation i
Contol words DAC :
Register | :

Bl 2-4 FES H¥ass:H

FES il 3 28 #E 47 B R B 1, B 2-5 FIF s 19 XURH ik 3 £ (bi-phasic pulse  train
stimulation), IEHIE & 50Hz, TREER 1mA, SERHENEE S 3-5 DNXUHIk. R H
TEATH A AER) BT AR O N REEBE XS B L3R Y, SRR I T T ATE CRAUE
FES HIS R AT $2 R 00N T 75 R e, e LB G %o B 1 I 4L 203 I 524

1 mA
OmA 3ms 17ms
Sms -0.25 mA

B 2-5 XUHE ik 1k R i %

2. 1.4 k{55

TE RGN IR SIS 3e b, TRATR DURFENIF FES FLFAERARES =2 7 R i,
Ty B B KRB EL MG IRE K T — N R LA b, EMG SRFESZE] T M40, i bpR
T HEIREGTT 2 G e RO R DU AR IE R R

2.2 ZRINIEHRED
TS R 28 A5 5 v S O 8 OB RS 0 =KK™ O3k blanking, DRl
ik RIZEIE.

2.2.1 fh7F blanking

Blanking Sy A 45 175 5 VORI O3S R A bk o i o 4= 457 10— B[R] () BMG RFE, ELEI
T 8 2R AT EZ I EMG R4 . Blanking 77 20 IH B4 i O 325 ] DLAEREAL: B 1 1
SEHL, A S DU blanking HUEEFRN sample-and-hold CRAI-fR%R) ™™,
I B SEBURIE blanking 75 EAE(S 5 KA LR oI MAL 2] 28 (mi cro—processor) 1

BAF B blanking J7 22 W B Dy s A S A A EL T B T AT 1 5 26, (R IR R4
FHRRYEE T, FUORIBUG KRG ER—BL BMG (58, [FI R 50BN & s i b

36 7 Fk 48T
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K 52 2 PR o

2. 2.2 DIk

PhZEEIE (artifact subtraction), IXFFJ7 V28 I 7E KA B IR G5 5 H ek 25 B AR )
BT AR (template) 158405 ¥) BMG S o 3 P e i 54 77 2K [RIRE 7T LAZE ik 742
ESEEL, JFHAHEC T Blanking ik, AR REZN EMG R, WA A JlEINE
BRI o

fHa2, X T LR O PR I G SRICR AR I 1 77 2. B A
T AR EAL . OF A% SR 7 IX ) @, 48t 184 moving ensemble
averaging M7 ARG NI A .

2.2.3 DhiryER:

i yEs; (artifact filtering) XHRA RN EMG (55080, FIAMWEESYE
EMG 155 7E508, L A [7] 3 A7 B B D 8 R i =2 . Artifact filtering $ AR E 5K
S HL PR TN AT AN G PR B8 S0, 5 R B DhZe (AT o0 A LRI E I AR, KEBRSTE
PEBINHE ) E S BEBE ES

PEPHEIF AT OB B . AR 5 s, B SER R . Rk, BT Ohids
EMG {55 fEMRME B E R, HFH - H WA EMHEES, B TEa M. U
F 2 BT ARMA IX AN B

#
~
b=
b
&
=
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FT=EF F—ME: Blanking E}A &It 5L

3.1 Blanking E£1%1t

3. 1.1 DhiE R IE o #ir

TSI T, RRIRIERESM 5 FES MR 5, 7] ATE S 10 15 & 0] AR IS R 45 2
3-1 FroR IR S, I ES IS, BRI 3mV I8 13584 BE & 55— B )3
HFIEAT RIS P24, AR E IR . W ES 1 3, BIX) EMG E 57 AT & E
Ay, BIKOE 1s MIEshEEIER4y, LA 50Hz SR 3E4T s, TR M —IT 461 500mV
e A T s ) T 3T % ek o

e
1 "ll Aok
2- b r

PO | I, \

Bl 3-1 IEH MR K R AR ZRIE L

G
+200uV

|‘ l
‘ | —--200uV

& 3-2 HzHR EMG 3

9 .
Generate Stimulus ' Current FES to Induce
Artifact ﬂ Blink

EM
 nioun

Extract Signal From Blink Detection by
Rough EMG E MCU

& 3-3 FEOyIAXT EMG SRREFEAE T 3R

% 8 U1 3t 48 11
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M EMG 155K 3-2 A, fEM@REIR A E EARAE T, MRS EIK EMG 15 SR 241
50mV, HRIS IS A2 RS ERT, 1B _EFFE] T 100-200mV,  FfHFSE 0.3s £ 45
T [F EMG 55480, S OA e E R, I BRI R Ie e ThHERR
BT EMG REEIIEN S, RGN AN 5 — K IIZIR EMG, F:IR Bk filk & S
— K FES Hll¥4, #ifit & 1 FES RO 2= A 3 D5 5, ik, — AN BB 216 135 FES
RATI, RYRIE AL IEHRERERIRG (& 3-3).

3. 1.2 Blanking #¥%ki%it

FEAS3 0 B 7 BRI 25 5 5, FRE S AR A2 A8 ) Blanking S210:5k 22 B A5 o

HECH L EMG 183 2 G P # 8 H Blanking S5k £ i, 8 X FhEVE ) R %
WAg — A KRR g (sample-and-hold circuit), FE& FISRES O — ANk RS 5
Frh] (B 3-4), KA FES RN, RIS 506 LRSI TAE.

A OPTICALLY
DIFFERENTIAL e
AMPLIFIER

stew rate || vaRmeLE cam b_l_tr_. 6 POLE SC |
UMTER AMPURER 9 P FLTER

siew rate || vaRmBLE Gan b_’_l 6 POLE SC
UMTER AMPUFIER ~o P FLTER
W RA VARIABLE GAIN b_j_g

SLE TE § FER

T 2
-
°——g T
EMG DETECTION l_-L
ISOLATED GROUND EQUIPMENT GROUND
BLANKING SIGNAL

& 3-4 HShRFZ{E 5K Blanking FBE

Q0
AAAR
vy

—
AAAA
AAALl

I
g
8

e

wyy

INPUT FROM FOUR BAR ACTIVE PICK - UP

SXAPIRIE T AN A RATI TIRE FES ARGEH . b - 3ATToimadh 20 (¥ ) 3 Oy 728 L A AR
FES R )5, EERK BRI A 15 1E—BUR TR EMG {5 5 /6 (FESEBRSEDL S, kg
HLORSE— B [ A2 P B AT (18] 3-5), 45 LE i a) (-4 2 mT AR B O s g B T i, 4% 18
AR BIE S, AT 1-2 B 2 Ja D28 C38 B — M AR EMG 55 g2, it
I, FHKE RGN EMG 5 5 HERFE . X FEBTiE Blanking 75 ACHERR RIS I H) TP

v

Sampling and
Detecting

A stimulation is
triggered ?

Yes

Hold for HT

L

B 3-5 B4 Blanking Hik

%9 U1 3t 48 11
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P SHANGHAIJIAO TONG UNIVERSITY AL PSRRI A T T e R R Db R R 5%
BATHT K Blanking 5L, RIS 15 1 RAE B TR K hold time(HT) & —4
EHEBENSH XZFN, N—JHRYE, BTG T 1 HT B RIEEREE, 5
1B ToRFERIME I T FES HUHIE, HT YR8 T RS REIA 2 m Bl R, i@t FES #4;
FIT RS2 1) 5 e A TR RS N R BR A . i A — T TR R VE, HT K, flp i K&
FIEEPIS (], Mt HT JEPKE EMG REERH RN EMG RS2t N, Rk, 3m HT
KRR RSB HERA R . 25 BR, HT FBUEEE, I B W A0E SEhREh Y se i K
WE .

3.2 Blanking B £SCIf

Blanking B4 SEILAE R 405 A 1) Nordic 24LE1 FEARAR I A bl . FRATTE X BT
RBGER NS B4 T 5IMCU BT f5 B el 28 SPI. UART. RC 445, I HibH B K
32kHz SKAESR I ADC. I H A HAD B A HLAHLE, 51 R HUE IRIK I TIAE, X LA RE
G T =L [FIERAMIEK.

3.2.1 UG R

SEP Blanking SE TR ELI & — /MHIT A8 R, I8 Bk R B FRAT T AT LIOKS i b S 4R 45 1%
FEIS TN RS, 3X AN RN T

void delay(unsigned int x)

{

unsigned int i, j;

init Timer () ;

i=0;

for (i=0;i<x;i++)

{

while (!TF1) ;

TL1=0xT7a;

TH1=0xff;

TF1=0;

}

TR1=0;

return;

}

PRECH AN & TLL/THL @ 7 8 A ML Timer AH KM —NFAAAHRME, 4
TL1=0xT7a, TH1=0xff, TF1 FMEARRM 0 BIEER] 1 v 1ms BFTE], [RIG ] DLE S %&£ R 5 S5
x FME Y E T 25 I TR G E 2 x ms.

3.2.2 Blanking SZ¥E
Blanking #/F SERAERRIR FES HlM 2 )5, AT ATESZELIXANGYARS, FRAEEHE T s R R
i&%’ ﬂD_F

while (!ready)

% 10 T 3t 48
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if (counter>=5) //BMEBEE ! OxFF N 3V
{
LEDI = “LEDI;
// CS="CS ;
// DIN="DIN;

//  SCLK="SCLK;
for (m=0;m<3;m++)
{
CS=0;
delay (1) ;
SPI DA (0xcf) ;
SPI_DA (0xfc) ;
CS=1;
delay (0Oxle) ;
CS=0;
SPI_DA (0xc8) ;
SPI_DA (0x00) ;
CS=1;
delay (0x32) ;
CS=0;
SPI_DA (0xc3) ;
SPI_DA (0xfc) ;
CS=1;
delay (0x78) ;
}
CS=0;
/RFATENEIR, FEMIA] Voltage BT ThIr4kseRrt, (HIFE
o0 SRR B AR i/
for ( m=0;m<3;m++)
delay (1000) ;
ready=0;

counter=0;

}

FEER LA ) 2 AR AT B2 A A2 B2 BRBIERS, ready Z8bE0N 1, FEP Bk IR
PEIRHENFAR T, B A SPT DA B, M SPI [HKIA%: DAC — HR AN KIS HOk U e Fl
HAL I (R B2 S5 T

TERIB R A B 5, DAC HI{ERE D CS #EHE 0, HIBEHM1IE TA/E. 25 for 7
H delay O B#UG#AT Blanking #4F, XBUN A, T ADC KA 5 Iz BRAVTIN H i i b v
Wit 77 AT, BTBL ADC ISR TEAWERAE, Bz RTINSV A AEAWNELT, ready ALk 24 AT
e B 1, (B2 M T ERFHE delay, REGA L FES HLHIK.

M7E delay IBE &G, ready T E kM 0, IXFKIRTE Blanking BB H [ —1) EMG
55 TS R IE S, BIEHIESZIL T Blanking I H 1.

% 11 T 3k 48
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3.3 Blanking B XIGE

3.3.1 SEIGHER

AT H S 5 R U RE R B L R E S TS e . LI
FE 377G 22 11 S A L RE AT 72 S b ol 2, SIZI f) A A5 4531 17 3 50 B0 K 2 5 2 e
JB L LN BEE B AR S B 2 1t

HOE, fEREIAE T, FRATIE AT 2 S 1A A 4R T8 B T BN THTRE R Sh AR A
WS ZHHEIX 8 A Z .

PATH S0 FH e [l e AE SR S 22 b, E A R ) BR RGN SRAE FL I, 7 et 0 LB A N 3
W E, —VIER . (& 3-6)

R

3.3.2 LIt

N TR RS TAE, FRA1EA T RS S BRI AR, DLSIR BSRMAZAR, R
i P SR — {0 L SR IR G PR B0 175 0 o

MARGIEH LAER, RIREEE EFZR, W2 —At FES 5lE2r A\ TAZRS)
fE (LKl 3-7),

A 3-7 FES R45| KN LTHZIRBI/E

MR GERAT IEH TARA AT BERE DL, 5 — M@ RGEBEREMIN 2 S35 IO RZ IR B 1



YELALE

S e o Tone e AP EE FUOA 7 E R PR DD RO BT 5

FES HURIBBCA K 28 — Mo RGN 2] T RZHRZ0 1, (H2 B s HERR R Oy 2 R
FES LRI A R s (IR IER MBIE QA , &R HT JERRE— T,

3.3.3 SLIGZER
T V- SERTIZ IR IR R R G RBL, BA 1 A iR LS T T RIS RS 1 . 3
AMER T =M HT %S, 35 25,15,0.8s, Xf4EF HT, #3347 7 30 REIAZIRR 251K
SLIREE R W R (R 3-D)
#3-1 BlankingB kg R

Hold Time (HT)

2s 1s 0. 8s
DRI 93% 83% <30%

SIS RRT, A B4l A Blanking I HERRSFE, 1s B HT & — IR A4
25, 1F HT=1s I, RGLHIWI I RAE 80%, SLiEIEAILRE I HERR DhZE T30, (HA2H
HT=0.8s I}, RGO JLFIEHBR DI, 13X 2 R B 25 R D 728 S 08 () IR [R) K JE, 223 0.8s
T PIEXRT EMG 15 5 R UL 2 A KK IR .

% 13 T 3t 48 1



wr > A N
£/ SHANGHAI JIAO TONG UNIVERSITY AL BB R EGETT e ER A By 5T

BNE FME: Blanking+ BB E XI5

4.1 Blanking+ERE K&t

fE5E R Blanking AR B 5 SCIR IR, RAREES SOOIt B IRTH O I HE R 52
MIBESTo AT, BORINIS 55T EMG (5 57 AL P i 2 B3 4, B 1s 1Y)
waving tail #8734 LL 50Hz (R FES RBR) T80, EHIZEYE 5 A B4 LabChart
XHZ B AT AL SR 100Hz FIBEAR B IR R, waving tail KEEM 1s 4E4EE] T 10ms 2

B 4-1,4-2). |

C &
& 4-1 ® waving tail KN B 4-2 JE¥ S I8

(o/e]
E3)

It AR KT B AR R vt — A6, S5 Blanking MBVERFFBR AR T4, BT EMG
H51E 200-500Hz MBI, 17 ZIERRI OV IAAE 50Hz, 7T LI — A e g A R4 )
R s b i BB T POK > B 50Hz (T30, S A RBOR ZERLIE B 22 1 TERE (B 2
&, JERAS PRI 28D T 5E o SEREIE AL RAE T E R LK, A2 SEEMG B 5 MEK.

Ll EBn, HIERTREMIRJGH] 1s KAEHIZE 1 0. 65, 0. 5s ELEH, WIRILE, R
T OEE R Blanking (7E kR, mREK RZEHE Blanking Jr# (I [A], #EMEETH R SEM
B i RO

4.2 HriEKEnsot

4.2. 1 BLLPEIAE S5 BT IEIAs

BRANIE P AR IA T, S A R PR, T IBOR R B — U Rl 70 A5 5 A ) — 0
I3 o TIHUFUEPEE N — > BN B & AR 22 R 48, H T 58 U5 S U b B Thge . JF B
P BRORS BE R S0 ST o " BE SR 0 2 A B IO (045 5 x TP A5 8., Ao LA i ) s st
[BE5 v, RIEEE SR — I ECy . U DB IR A 5 R T LL2 FI 8 ARG T T K — &
T SE s s S By THSEAL, T DGR T 5 (1 54 iR A/, k3l TSR
7o [FBHDIER A b, By IR B Rt M. RIETERER MR

T AT R G EL 0 H A2 S, DASARAOREF A, Jir Ak 1 4o P A DB
TE, ERRGIA N 5IMCU _Fid it # 7 s 3l

4.2.2 JEPARTERE IR

TEMSI AL IR T R G, TITUE T T B AR O RIIR 5% 2] o B JE e 28 vl 40
IIR (Infinite impulse response) 5 FIR (Finite impulse response) P, FA#H Matlab
5 B T AR PERE

Ji%E—: 1B TIR SR

% 14 71 3t 48



Py FEFS-
eS| SHANGHAI JIAD TONG UNIVERSITY BIL P B R B A T T S E PR DI A I 53

TIR BYyE 2 e — Pt IS AL 8 ka8, BA R, SMWs, 250D, ik, nlbl
it s, R, SRR AR R R, HE SR B R R giRa e e, FEILIZH
Bz, Gredwt. MEMEIE, et ERIETT, TIR JEk A LA FIR JEU%
HEAMERZ IR

TE LA T2 LB TIR JERAS, & MRHERECN

Y[n]=al*X[n]+a2%X[n-1]+b*Y[n-1]

Horb XIn] A4 R0 ZI R pes 285N (B EMG 155, YIn] A 24w 2 (eI 284 H
X[n=11, Y[n-11 8 E—B 28R 2 AN S, al, a2, b ABUEREL eTRIUE SR
B £s FLF g T IR AR B A . SN IUEET natlab 3845, &84T 0L LA

[a, b]=butter(1,0.1, high’);

W — N ERFRZE 1 B 100Hz #8% 1EARZR () Sl R 2%, 15 31 matlab 3R B[] & [a, b],
i NI 35k R 5 B A5 21 BT 75 220 TIR JER A

T BAESERE AR IR, mE T LA AR

Fs=2000;

n=0:200;

t=n/fs;

x=cos (2%pi*50%*t) +cos (2%pi*300%t) ;
y (1)=0;

for 1=2:200
y (1) =0. 86%x (1) —0. 86%x (1—1) +0. 73y (i-1) ;
end
subplot (2, 1,1); plot(x);
subplot (2, 1,2); plot(y);

TEARRG I AT = AT 1 S B8 T IE IS R AEAR (£5=2000Hz), 1 EAEKSE . BT EMG
& 5 & 200-500Hz +F 1@ & ¥ & R, & £ 50Hz , A A
x=Nskcos (2%pi%50%t) +cos (2%pi%300%t) [{] 50Hz 5 300Hz VA 1F 5% e A S Fm 22 45 b R AE 3
FITRAT ROV R MG (55 . REUN RoR T ARG 5 2 8] A 2 225

IR, N¥Oh 1, Bl - EiREAE, BERa 4 R T K.

% 15 T 3t 48
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2

1 -

U_ -

0 50 100 150 200 250
1RSI GES

_2 1 1 1 1 1 1 1 1 1
0 20 40 60 g0 100 120 140 160 180 200

1R R R EiREE R
B 4-3 1B [IR BB RERELKPES

MERTRT A, B g SR Re s i o B {5 5
N T IRIEBARIVERE, R PIARR S 5 1] (KW (EL 22 A 4R SN G E 10 £, JESE R I

THE.

fih

a0 100 1%0
INIRIERESRMA S

_1[] 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200

1IMTIRE SRS R
B 4-4 —Br TIR JCikIERR 10 1B LY 50Hz 55

A LLE M, JERER O TIEM 300Hz [ 1E5Z 3% A RR 50Hz 155 Eem (K 4-4),
)5, ¥ LabChart “F-& ESZPr RERIM RS SHANE] 1 TIR JEH 8, 2470 R

x=textread ( artifact. txt’) ;

N=1;wc=0. 1;

[b, a]=butter (N, we,  high’) :

subplot (321) ;plot (x) ; title C JEPHTIE 5 HIBIE ) ;
y=filter(b, a, x) ;

% 16 U1 3t 48



. > A by = 4 WY
y SHANGHALI JIAO TONG UNIVERSITY Hﬂ,ﬁﬂ Eﬁ.ﬁiﬂfﬁﬁﬁﬁﬁﬁﬁq’iﬁﬁﬁmﬂﬁ'ﬂﬁﬁ?ﬁ

subplot (323) ;plot (y) ; title C Y155 HIHIE ) ;

KA, HHMH textread MBI NIL(E S (TRAFAE txt SCAFP) AR x o,
i butter ) BRECBETT | B ges, A filter O RO PR TIE, )5 plot BI%L

WEEEER . ALK 4-5.
RS HE

4
2 L 4
0 -
oL i
_4 1 1 1 1
0 05 1 15 z 25
ay = — ) A x 104
B ES R
1 T T
0 —‘ E
At i
2 I I I 1
0 0.5 1 15 2 25
x10°

Bl 4-5 1 fft TIR JE AR KRR N5 5 MBS OR

MEIFE, RO RAIE 1s (1)) BB A 2 1 308, 3% 5 PR S B Bk T 6T 28 TR 8UR
{ERTESEE 2 IERR 50Hz P [FIRY, EMG (55 a2 25m, WK, ¥ LabChart it
B AZ AR EMG 15 5 S A F| Matlab /1, FFFEIFESIE T 1 B TIR 383, wI0ES (BRI
FEARARSZ M) RAE LT 200mV FEyEF] T 50mV. BT L ERPE 1 B TIR SRR SRR, if
Fe B IWIR A PE U O i 5 2 U5 EMG 155 1A B2 17 5 -

AR =S FIER
400 : . .

200 -

0

200} -
400 . .
0 3 35 4
x10°
100
g0} -
0 .
B0 .
100 s .
0 3 35 4
x10°

Bl 4-6 1 B TIR JEBLARXTSERR EMG 155 HITEB R

TR mF TIR JER 2%

%17 U1 3t 48 0



NI suancn o Tone Usiversry L P BB RS T T SR DR 5
B TIR JE: 28 [FIAER FH G2 3 A B S5 ), TR 5 A S A i T 5o A7 ok o N 7= A G

PRI o $09 TIR JEUR PSS B [ B, EE 1LY, e DL S IR J 1 Fh &5 Y 4% 45

Bt

Hiz 1A

BT TIR JEP 2RI RBLRR BN :

M
bz
H(z)=—2
1+X>a,z™"
k=1

M N
y(n) = bx(n-i)-> ay(n-i)
FERPI b, SRR 20 I R RER = =

CHE SRR T
x(n) BO ¥in)

h=l*z_lhl:-l -i I —al _hlr

K1) ] —— YD)

-1 I 3_1
z
x im-M) oif ¥ m-N)

B 4-7 B 1 RS ESHER

BT
TR 3 S50 56 55 06 K th 7T B 5
Y(z Y(z)W(z M o 1
Hz) =B YW@ _(Fp, 1y o)H,@)
X(z) W(z2)X(z) o 1+Ya.z"
k=1

N
y(z) = bw(n-r)
e zg @D s s, By =

o

N
w(z) = x(z) + D _a,w(n—k)
s AT 25 M2 (@ w7 s, w1ty o=

ERE SRR LT

% 18 T Jt 48 7T



- x> Pt V%
;i Aﬁ}5?
¢/ SHANGHAI JIAO TONG UNIVERSITY Hﬂ,ﬁﬂ %%U%ﬁiﬁﬁ@;ﬁ*iﬁﬁ%1ﬁmHGﬁﬁ§

K 4-8 HE: || BIER R ESHER

M ES% T MEMEZES TR EARRREA, BERA T HEE T BRBH&E K TIR

TEPL AR o

TR, W T MET U S KRR 3 B as, HHseREcy

Y (n) =Xbk*x (n-k) —Zakky (n-k),

Horb, x(n) NUEEARHN B EUE SHA, v (n) N&ead TIR S8 5 A .

7t matlab H U chebyl (n, Rp, fp) BREFF 2 C T L I8 A 1) - IS4 ak 5 bk FHAY

NTE N T RERIRTT 3 B TIR S s . ARSI .

s=2000;

n=0:200;

t=n/fs;

x=cos (2%pi*b0*t) +cos (2%pi*x300%t) ;

y (1)=0;

y(2)=0;

y(3)=0;

for 1=4:200

y (1)=0. 0000125%x (i) +0. 00003751%x (i—1)+0. 00003751%*x (i-2) +0. 0000125%x (i-3) +2.

9322%y (i—1) 2. 8687*y (i—2) +0. 9364*y (i-3) ;

end
subplot (2,1,1); plot(x);
subplot(2,1,2); plot(y);

3 Ay TIR PR RATLE 1 B TIR JEBEA AT IIDE S L RE, BRETIEB AN T IR {EAH 2

5 I IE5Z A5 5 x=cos (2%pi*50%t) +5%cos (2%pi*300%t) , A3 240 T JER 45 R (E 4-9),
AL 3 By TIR 155 RERE I I Hb 2 B P AN 5 o

" 18 B AR 515 A0 5 AR

g .

0k .

5L 4

10 1 1 1 1
0 50 100 150 200 250

3 W IR 5 A

_2 1 L L 1 1 L 1 1 L
0 20 40 60 80 100 120 140 160 180 200

B 4-9 3 il H S RIBB AR AL IBERIEE 5 5/ 50Hz 155

% 19 T 3t 48



e suanna o Tone Unversiry AL P B RS T T e R SRR Dk RO R
{HE, G KRR NI(E 51 50Hz IETZ LR, A2 EMG 5511 10 £, iR 4h

H, 50Hz 5 300Hz MREEAH Y, WKRARTCIEIERR NS S B m CLED.

I8 AR 1012 (050 ) OB

20

10

[]_

A0 L L 1
0 50 100 150 200 250

A NRE 3 i B

0 ZIU 4IU EI[] SIU 1[I]U 1éU 1f;f[] 1;1[] 1;30 200
B 4-10 3 B TTR BB KA TR ISR B 10 510 50Hz 155

FE=: JNE FIR JEW 4

TR P #5427 A 340 U1 (R IR 4 AT — IR 200 (9 i 4005 i~ 200 ()t 46 O T FIR
FRUEPE AR N2 AR AR YRS, WA R, AE B B R TXANRE, FIR JE
W ge AR E MR TIR VI 28 50 4 L T4 56 5 Sl o (HELA B M e, 75 B2 o8 v IOV I 2 B Ik,
B2 MR UAE Z I RIEERE. XiEkE, BRIEER RN .

FIR JEJ a8 MBETTH A2 RER IS TIR €M 2 A BRI ZE A FIR JEH S 08T 7
EREA =R WRECE . PR REEEAY) S RS S0R 1T F s A T . TR R
Fo, BRH TG AT

B, FIR JEUE2F AW T OO & s Bk 38, T HRARDE S (HRIER T a=0, [H
WIS X)) HARSRBUE R A (sine BRED TEMIRA TG 55K BA kb N, R4
XoF G N 5 ] 7 IR S T R O O A BRA B () — B, A DR S B i I 4 1 A5 ok i 97

FEBLTHERE T 3G S8 1 AN [R) T bR Sl P2 i 242« o P P 2 R B B R T DT
LA AR 2 W5, ARG R BEAAFRRRHR AR, HMER—RB0GE 1 IEEa

(AL Y 0 ARV B e/ INPH T SR = IR RE S 8. FL RS B OC R AN N R TR
(£ 4-D
F4-1 FIRIEW 2B & RS AR
(G E S AL i 3 B e B 3 YR Y T I /INBEHS T
HRE 4 pi/M 1.8 pi/M 21 dB
WTH 8 pi/M 6.2 pi/M 44 dB
IR 8 pi/M 6.6 pi/M 53 dB
FE RN 12 pi/M 11 pi/M 74 dB

R R EHIEIE, ik TN TE (Hanning Window) #E4T FIR =@ JEW 88k it, fE
i FEit 40dB MIBH W 0. & RAEAR . TEAREE W B (B 4-11),

&
S
b=l
b
&
b=l



ALY ER R BA TT A P IEFR VR AR 5T

Hanning Window

Tr
L e
Ay M

________________________________

0 0.5
! A picto B K47 o
& 4-11 Hanning & FIR JEIRASMTE 4R

MRSV 5 F (1 AT P R AL, 5 TR SRR AT, i FLd i AR (290, 2pi) 24 300Hz,
| 50Hz PhiZE(E5 4k (R 0. 05pi Ab) FEIRAEHEIA BT TR I ECES. PP FIR JEIE %% H LTS
FIBAE NI4T

g LRTIR, =g T R, MR AR Ak PR AIE 1 T RO LA FIR Gk B e
JEPPERE, HUGEM TIR 8B A%, B 1B TIR A%, {22 TIR JEURALBEE I 4 BT RE
IFE T A 2.

4.2.3 TIR 5 FIR JEJ 8 S A L3

TEME T PR IER: 28 1A 20 5, I 7 TIR A FIR JER 2R A WL EAER] CiEZ 5L
AR ——TR B FER 5 EEARE, CAULRmE . 4EliA; A VUAFMERRA; DL R
WU HI ] A . X =R A, A B B R fa e i, DUEXT MG E5 11
M S P

TIR S 2SR C B S SLI R AR/, TIR VIR 28 ) B 1a SO A P AP sz il 7 .
—FR ARy, BIFIH FRT PROE IS IMER NG 5 AT BB AR 4, o FoAs, S8
Je AR T A B AR AT DE D, R RS s AR R B HH IS . X ROV E A R
U PTG PR R P N R S5, I H B 15 5 300K 5 s B2 i At R P 2 1T SR AR Il G &R,
PLE L SN A G RR BRAS 2 o 55—Fh i R I Ik, IX R v Ji ek X 28 BORE 2
P = oy B s FORIA B PE R 1 H 11

2SR P S TG OE S, TR JEBIRI BRI A Y (n) =S bkkx (nk) - aksy
(n=k), Xf—Ak By TIR JE &%, FHAFME A S T 17464 a, b 2201 2k 4~ double i, LA
KeAift x (n), y (n) 19 2k 4~ double . REAFE]—ASHTIIER: &5 RIS H A 2k KIF 5
ez L K 1 IRIgIE .

BT S, FIR SIS SCHl A KT TIR JEAS. Hoe, ERIAEREuFHES
RIS, BInPLEE RECN, R CE T THR S B HE S EA BRI

&
N
b=l
b
&
b=l



NGHAI JIAO TONG Umvmsuv AP R BUATT H A T IHBR TR 52

[ﬁ\/l— [(2n/(a2 - 1)) 1]}

axn) = A 0<n<M-1

ﬁﬁ\, N TASE| FIR JER AL &5 R, T EB MG 55 FIR JEU A I 385 b8 20 5
o FIR JEJE#8 6N B HUE S il fE, SEbr L2 & S sine MBS NG S
ﬁﬁﬁﬁ%%ﬁ%ﬁE,MTE%%(§¥ML

=>

K 4-12 BREHEREE

ZEf >k, 7EFR Matlab 1 B Frg v A Hanning Window HUEY A%, HYEREE &K
HEIEMKZR, A T3] 40dB (1) TR 25 Ko 2D 40 Al mitdil, fEicEiRiE
B, MRS B, AR B 40 EF S IREIE HL DA K 40 YOIMEIB S . IXFER
HIE X A HLRAISER), BT RENSERPEE SR, KRR 2KHz, HIEE 0. 5ms 1§
Bl —/NER AR, MR A HLEIE e HIZ A 10us, 7E 500us/10us=50 NESEFRE AN, Toik
e FIR BHUXFE N E I8 5

BRItz Ah, 8 o 5 S SE R N I SR R O Bt 7 R e AR . DR
AAES A TR . DL IR S g AR HO B AL PERE SR T T 2 /K

g Lpnd, (R REIERERMABIE AL T,  TIR JEIAS AT T I E FIR SRS
RIS S IBHEN B fefh A, EEE T 51 BN G RIS

FIEBTT S — =, (b5 BMG MEEEAR I, ARy S AT RE NS JEBR RIS Dy 1 5
E A Db 4S8R, TA S EMG 1) 5-10 {5, RIS SEARTCIE e e HERR D 1 T3

% B SRR RIS T, thiZk waving tail #r—JFURIIRZ KLI7E 0. 5nV, 1M EMG
FERZIRBIVERT 0. 2mV. 7EFRRIRES 0. InV, —EAHZEMIREEUTE 2-5 52 0], BT DAZE5E AR RR
DB T4, TIR JEB a8 W] REIE ik IR 2

PIAH TIR J5 S #R8 AT LA B R R ORI A5 5, IF BRI AR B 50E AR 25,
FREPIREE N BT, T B2 RIS A A, 1 Fr TIR JER s A AL F% .

4.3 Blanking+iE R & L0

MR A E R8T, FRERKIRFE T LY IR JEH A8 . E5e EERIvETHE, 12558 s
£ T BA FES RGBT HLH.

For(j=1;j>0;j--)
{
X in[j]=Xlin[j-11;
Y out[jl=Y_ out[j-117;
}
X_in[0]=ADCDATH;
Filt out=78*X_in[0]-78*X_in[1]+55*Y _out[1];

% 22 U1 3t 481



i ,m: *; SHANGHAI JIAO TONG UNIVERSITY Al A Eﬁlﬁuﬁfﬁﬁ.@}ﬁ l:Fl 5ﬁ B%1ﬁmﬁ"]ﬁﬁ5?.
Y _out[0]=Filt_out/100;

If (Y_out[0]> Volthreshold_pos)
Counter ++;

PR LR S RZ R AT B2 T AR NAE — 2, BN DR+ 0T iR LI 4-13 B
N PR R RATEAE Blanking #1014 £1217, fEREFH, AT TR intx_in[2],
y_out[2], 73 At i 2% B BN 20N . Bt AR, A int 2881, T A2 float
FRARRN, SLhRHEEER (X in[1]/0xFF) * 3V,

BRI S €

A\ 4

N, R
iz, 47 NADCHHE

Triple-Threshold
5k

] 4-13 Blanking+JE3k iR
Filt out=78*X_in[0]-78 *X_in[1]+55*Y out[1]; iX—AJfi 1 B/ IR (IpEBGSEL, 1
FH 78,55 %5 RA L JE R 45 TR UL 100, 2 BRA B R AL R 32 (1 T LG B TR e B AR
%, X T,

4.4 Blanking+iE R E EISIE

BB seIILEAT T LIk, SRE HITE 2012 45 4 AT, R RS 9 A
PRI B () X8 B A R AT

SIS P HE S 5 SIS () A R B — P B — R, A i TR T A 4 SE A% T T
TR ST AR, AR5 M8 T R RS IR R 5 R B2 AR BIAE , SRS M (1) IR S 304
TERIGH, (T 9EHBlanking M5, PN EIEIE S S 402 Blanking B [ HT.
T RBATGE HT B8 2s, RS EBRGREW IEH 115,

ZJa, AE AT BN T 0.5, RIERR FES Hl# Jafs 1k 0. 5s FIRZER i, $Ai1—4t
SR TR, A E LR 10 X TF RIS 5 R Iz IREE, kR 2
VBRI AT TR R 2 09 1-2s, PRZEL IR RRIN R HAE 90%, HURR T 1 IREZHRMRE el (SR, %
LA RE S TN B 1IE H MR IG FIRZ AR ZNVE ), 4y 9 IRHEFRLIN -

52 B H .48 Blanking B8 HERR 77 ARG, (3] Blanking B [/ E] 0. 8 B,

% 23 T 3t 481
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IR CLAE 30% LA F) S8 +Blanking HIBUREIIRZ .
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B) rErars
e/ SHANGHAI JIAO TONG UNIVERSITY Al A Eﬁlﬁuﬂfﬁﬁ.@}ﬁ EFI 5ﬁ Bﬁ’{jgiﬂ‘]_’:ﬁ’\]ﬁﬁgf

BHE B&5

5.1 [o]gnEEIE

5. 1.1 TIR JEPL AR S HIBLIUJED 2R R A

AT R TIR By v as i B8 4 T s A R E v 2% B 11 7925, 2% FE e i Al b 1
PR JE A Xt TIR JEE s RE L B 5om .

B P OREAOL i ol S A 3 L LT 0 A R TR U A B 2% (Butterworth filter) JEUR 2%, i
s R Ayl Zh R T PR B B R ) L S5 K (Chebyshev filter) JEURSE. LA PH A #5225
VRN IE T (AR 5 JE D 2%

76 Matlab EAEREAT I FR B0 2 EVRRIR 2GR DRI 2%, XS RN AN 48 &% Rl U i
PBe 2 1) X S, CURRR 28 I 2 B FH I — ol SR 2 8 5 DS O 48 P R M R T
H, WA BT B LR D R A R, MR, 5 TR SR HE S

T % FE A LA AL D % . D) EL S TSI il N A S ot R, A 3R % 1 iR
P, (EARGLRE P SR IR R AT o DLZE IR B 30 A Y A A A B P, BEE TE R
AR I AR S (S, (HAL R b 2= .

FREBIBATM B, S B P I R, o YIS PR ds Mz — AN
UFI . JCHRAERATN FES RGEH, TN JE MR DN a1 B EMG 15 5 IR B ER#A
T, VTN EZ AR B3 BT EMG (A48 & EMG 15 5 RO R LA S RE SR IS TR K B2, T LA R 258 5
FETR R AU A AR R R R

5. 1.2 AEZRMARAL IR N r] &

TEA PR PERL2E 3] FIR/TIR JESE 28 BETHRT, i = B R 2 552 TR AR S 1R 31X W AP v
98 [ 5t B B X ) 2 —FE TR0 SRR —— L IR S 2% AR LR M A A I 88, FIR M2k
VEARGZ JEE 48, TIR BN AS £ SEOEIT UER K15 5 A R R B2 A M A 2 54 A R IE
oo 7E—EekE s EGE S B S, X AR S SRS SR,

(HAEAIR BT, % e R RGNS 5 BARN S 1526 B S AE B, RUE AR
R ARLRYER TIR JEPAS A LA A . S IIEIRIG T, TIR P A% B M & 2 R T
BB T SR T IR IR AR, X AR T R, 2R R R B S B RS
TAE.

5. 1.3 rylE e R Ay 5 IRIE eI A%

FEBOHIER S IR, I T — AL A LM FHH IR, BRAFETENLZ
HEHF 50z {5 5 IERRAE 3000z {55 Z AN B PRy, EH H A, RAVEAN B —
ELAEMEH FIR. TIR FRIEIEE AT RIAETERE . K2Ry, FAR R LU LU —> 40l
JEBAS CBUBRAE ) E —AMRIE PRI 10 45 RO RAG i s B ACR , AR Z R
Mat lab 07 3 BAIE BN R (1o

FLA SR R PR DR 43l =@ 2 SO 55, 1 I S A SO AN S0+ S0 R A
WS, FERTUE L AT RERAE S 2 RIE IR E ML O A T AR, A RS S AR A
TG, AHREREIEAR SITE S .

BRI, RS RS e E SRS R A TEREN 2R HT N, W RS e B 3
REREUERR 10 MG S, mo@uERA ROz B AR 10 RRIE T . Prbl 43R CidEyg
BARIAE VPR TERE )R, BB T R, AR A A BUR.

5.2 RRE

% 25 U 3t 48
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%ﬁ?ﬁiﬁ?ﬂ@}aﬁ
2 SHANGHALJIAD TONG UNIVERSITY AP R RS £ B R R I AR 5%

AR TR TN, SLbr ERIATR THZ IR FES KB RGP BT 7T B — D
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#include <reg24lel. h>
#include <stdint.h>
#include “API.h”

#define INTERRUPT RFIRQ 9
#define INTERRUPT TOIRQ 3
#define INTERRUPT TICK 13

#tdefine TX ADR WIDTH 5 // 5 bytes TX(RX) address
width
#tdefine TX PLOAD WIDTH 20 // 20 bytes TX payload

#define PIN32

#ifdef PIN32

sbit LED3 = PO 1; // 1/0=1ight/dark
sbit LED2 = P0"2: // 1/0=1ight/dark
sbit LEDI = P00 // 1/0=1ight/dark
sbit SCLK  =P0"3: // DA It 4

shit €S =P1°1; // DA ffifig

sbit DIN  =P0"7; // DA ¥z

sbhit Save Control  =P176;

#define pOdir 0x70  //BlfJ5 M %517 4%
#tdefine pldir 0xbD  //5| 77 I 214
#tendif

typedef unsigned char uchar;

typedef unsigned char uint;

uint8 t const TX ADDRESS[TX ADR WIDTH] = {0x34, 0x43, 0x10, 0x10, 0x01} ;
// Define a static TX address

uint8 t data rx buf[TX PLOAD WIDTH]:
uint8 t data tx buf[TX PLOAD WIDTH]:

uint8 t bdata sta;
shit RX DR =sta6; // AR A S 1
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shit TX DS =sta 5;
shit  MAX RT =sta 4;

uint8 t J1, J2, J3, J4;
uintl6 t num=0;
uint8 t flag=0;

//int Voltage[10];

int
int
int
int
int
int
int
int

Volthreshold pos;
Volthreshold neg;
counter=0;
sample=0;
ready=0;

Filt out;
X_in[2];
Y out[2];

unsigned char j=0;

// 2 RIE 5E — HE A
//

//

unsigned char initial=1; /] T APIEA

unsigned char n=0;

unsigned char m=0;

unsigned char fire=0;

// Voltage Counter

/kskssskokskekekokskskokskokekekokskskoskskskskekokskskosiokskskekokokskoiokskokekokokskskokskokokk /

void init Timer ( void )

{

//

TR1 = 0 ;
T™MOD = 0x 10 ;
TL1 = Ox 7a ;
TH1 = Ox ff ;
ET1 =1 ;
TRL =1 ;

// stop timer 1

// timer 1 works in mode 2: reload
// 1 time unit overflow
// 1 time unit overflow

void delay ( unsigned int x )

{

unsigned int I ,
I =0;

J

For ( i=0; i<x; I ++)

{
J = 108 ;
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While ( j— )

/*void delay ( unsigned int x )
{

unsigned int 1i;

init Timer ()

I =0;

For (I =0; I<x; I++)

{

while(! TF1 )

TL1 = Ox 7a ;
TH1 = Ox ff ;
TF1 = 0 ;

}

TR1 = 0 ;

Return ;

b/

void delayl ( unsigned int x )

{

unsigned int i, j;
i=0;
for (I =0;I<x; I++)
{
J =93

While ( j — )

/**************************************************/
uint8 t SPI RW ( uint8 t value )
/XA AN DB EEE I SPT 5N — N as /N FRE R
{

SPIRDAT = value;

while( ! ( SPIRSTAT & 0x02 ) ) ; // wait for byte transfer finished

return SPIRDAT; // return SPI read value
}

/Asksksiskskokekekokskskokskokekekokskskoskskokekokokokskokokskskekokokskkokskokakkokskskokskokok ok /
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uint8 t SPI RW Reg ( uint8 t reg, uint8 t value )

//HEREE FIEHE BN — M % A7 . HEWREIEEE S AN—" ey
{ //4n
RIBE —IREFARIET IR 0 BTG 2 B A 7 4%

uint8 t status;

RFCSN = 0; // CSN low, init SPI transaction

status = SPT RW ( reg ) ; // select register

SPT RW ( value ) ; // ..and write value to it..

RFCSN = 1; // CSN high again

Return ( status ) ; // return nRF24L01 status
byte

}

/Hkskstsiokskaookskokkaeokskaiookskaookskaokkatookskatsokskaookskakokatodokokk ok /
uint8 t SPI Read ( uint8 t reg )

uint8 t reg val; //AEE I spi S H ok

RFCSN = 0; // CSN low, 1initialize SPI
communication. ..

SPT RW ( reg ) ; // Select register to read
from. .

reg val = SPI RW (0 ) ; // ..then read registervalue

RFCSN = 1; //  CSN high, terminate SPI
communication

Return ( reg val ) ; // return register value

}

/**************************************************/

/ /I — R

uint8 t SPI Read Buf (uint8 t reg, uint8 t *pBuf, uint8 t bytes)
{

uint8 t status, byte ctr;

RFCSN = 0; //  Set CSN low, init SPI
tranaction
status = SPI RW ( reg ) : // Select register to write

to and read status byte//HR¥& 2 BTN S B S — IR B IR 1L 517 2%
for ( byte ctr = 0 ; byte ctr < bytes ; byte ctr ++ )
pBuf [ byte ctr ] = SPI RW ( 0 ) ; // Perform SPI RW to read
byte from nRF24L01
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RFCSN = 1: // Set CSN high again
Return ( status ) // return nRF24L.01 status

byte
}

/Hskkskskokskdokskdokkokkoksk ok okl ok ks ok sk ok dok ok kokok /
[/ BN—HE
uint8 t SPI Write Buf ( uint8 t reg , uint8 t *pBuf , uint8 t bytes )
{
uint8 t status , byte ctr :

RECSN = 0 ; // Set CSN low, 1init SPI
tranaction
status = SPI RW ( reg ) : // Select register to write

to and read status byte
for ( byte ctr = 0 ; byte ctr < bytes ; byte ctr ++ ) // then write
all byte in buffer ( * pBuf )
SPI RW ( * pBuf++ )
RFCSN = 1: // Set CSN high again
return (status) ; // return nRF24L01 status byte

/**************************************************/
void RX Mode ( void )

RFCE = 0 ;

SPI RW Reg ( WRITE REG + CONFIG, 0xOf ) - // Set PWR UP
bit, enable CRC (2 bytes) & Prim:RX. RX DR enabled..

RFCE = 1; // Set CE pin high to

enable RX device
}
/**************************************************/
void TX Mode ( void )
{
RFCE = 0 ;
SPI RW Reg ( WRITE REG + CONFIG, OxOe ) ; // Set
PWR UP bit, enable CRC ( 2 bytes ) & Prim:TX. MAX RT & TX DS enabled..
SPI Write Buf ( WR_TX PLOAD, tx buf, TX PLOAD WIDTH ) ; // Writes
data to TX payload
RFCE =1 ;
}
/**************************************************/
void rf init ( void )
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SPI Write Buf ( WRITE REG + TX ADDR , TX ADDRESS, TX ADR WIDTH )
// Writes TX Address to nRF24L01

SPI Write Buf ( WRITE REG + RX ADDR PO, TX ADDRESS, TX ADR WIDTH) ;
// RX Addr0O same as TX Adr for Auto. Ack

SPI RW Reg ( WRITE REG + EN AA, 0x01); // Enable
Auto. Ack:Pipe0

SPI RW Reg ( WRITE REG + EN RXADDR, 0x01): // Enable Pipe0

SPI RW Reg ( WRITE REG + SETUP RETR, Oxla); // 500us + 86us, 10
retrans. ..

SPI RW Reg (WRITE REG + RF CH, 40) : // Select RF channel
40

SPI RW Reg (WRITE REG + RF SETUP, 0x07) : // TX PWR:0dBm,
Datarate: 1Mbps, LNA:HCURR

SPI RW Reg (WRITE REG + RX PW PO, TX PLOAD WIDTH) ; // Select same
RX payload width as TX Payload width
/%

SPI Write Buf (WRITE REG + TX ADDR, TX ADDRESS, TX ADR WIDTH) ;

// Writes TX Address to nRF24L01

SPI Write Buf (WRITE REG + RX ADDR PO, TX ADDRESS, TX ADR WIDTH) ;

// RX Addr0 same as TX Adr for Auto.Ack

SPT RW Reg (WRITE REG + EN AA, 0x01); // Enable
Auto. Ack:Pipe0

SPI RW Reg (WRITE REG + EN RXADDR, 0x01); // Enable Pipe0

SPI RW Reg (WRITE REG + SETUP RETR, Oxla); // 500us + 86us, 10
retrans...

SPI RW Reg (WRITE REG + RF CH, 40); // Select RF channel
40

SPT RW Reg (WRITE REG + RF SETUP, 0x07): // TX_PWR:0dBm,

Datarate: 1Mbps, LNA:HCURR
SPI RW Reg (WRITE REG + RX PW PO, TX PLOAD WIDTH) ; // Select same
RX payload width as TX Payload width

*/

}

/skskskskskokskskskokskskekskskskokskokskokskokskskkskokskokskokskokskokskskokskokskokskokskokokok / / /15 BAEL % 1
FEH R

void RF_TRQ(void) interrupt INTERRUPT RFIRQ

{
sta=SPI Read (STATUS) : // read register

STATUS s value / /1% BLAE R B 2 X LT STATUS fEAL 3] T sta
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if (RX DR) // if receive data
ready (RX DR) interrupt
{
SPI Read Buf (RD RX PLOAD, rx buf, TX PLOAD WIDTH) ;// read receive
payload from RX FIFO buffer

SPT RW Reg (FLUSH RX, 0) ; /BRI GE B s At
A7 7 i PR
}
if (MAX RT)
SPI RW Reg (FLUSH TX, 0) :
if (TX_DS)

SPT_RW_Reg (FLUSH_TX, 0) ;

SPI RW Reg (WRITE REG+STATUS, 0x70) ; // clear RX DR or TX DS or MAX RT
interrupt flag//X/Mn 2 &R GRS E AT H, HHS 1 RKiGH K
}

/ksksttokskaoiokskookekokokaieokkaiookskatotokskatookskatoolskaokokakaokokakodokokok ok /
void uart init(void)

{

// ESO = 0; // Disable UARTO interrupt while
initializing //RH T H T

RENO = 1: // Enable receiver

SMO = 0: // Mode 1..

//SMO 5 SM1 KA sE 2 10 S bWk, s 5 g I A 4%

SM1 = 1; // ..8 bit variable baud rate
PCON |= 0x80; // SMOD = 1

//PCON K SMOD #¢ & 1, Py LAEJ7 AT BRF N {5
WDCON |= 0x80; // Select internal baud rate generator
SORELL = 0Oxe6; // 19.2K(998) 0x03e6

/ /LB PR

SORELH = 0x03;
TI0 = 0;
RIO = 0;
TR1 = 1;
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/Fkkkkkkkkkkkkkkekkekekekekekekekekekekekekekekekekekekekekekekekekekekokokokokokokok /

void uart putchar (uint8 t x)

{

SOBUF=x;
while (!TIO):
TI0=0;

}

/sskskksioksksksokskskskskskekskskokskoksiokskskekskokskokskokskoksiokskskskskokskokskokskokokok /
uint SPI DA(uint uchar)
{
uint bit ctr;
for(bit ctr=0;bit ctr<8;bit ctr++) //
output 8-bit
{

DIN = (uchar & 0x80) ;

delayl(5) ; // output ’uchar’,
MSB to MOSI

uchar = (uchar << 1) // shift
next bit into MSB..

SCLK = 1; // Set
SCK high..

delay (1) : // delay 21000

SCLK = 0;

delay (1) ; // .. then

set SCK low again

}
return (uchar) ; //
return read uchar

}

/**************************************************/
void CheckButtons(uint8 t kl,uint8 t k2,uint8 t k3,uint8 t k4)

{
tx_buf[0]=k1;
tx buf[1]=k2;

tx_buf[2]=k3;
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tx buf[3]=k4;

TX Mode () ; // set TX Mode and transmitting

while (!(TX DS|MAX RT)); //%E& kK i%5e SeB ok /2 d R (R H0E it
T HUE IR EL

if (TX_DS)

{
LED1=LED2=LED3=1; ~ // turn off LED

}

sta = 0;
delay (300) ;
RX Mode () ;

/Fkkkkkkkkkkkllllllekekekekekolekekekekekekekekekekekekekokekekokokokekokokokokok
void TO time( ) interrupt INTERRUPT TOIRQ
{
//  uintl6 t num;
//  num=0;
THO= (65536-400) /256 ;
TLO=(65536-400) %256 ;
numt+;
if (num==10000)
{
num=0;
flag=1;

/ksksskokskekekokskskokskokekekokskskskskskekekokskskokokskskekokskskoiokskokskekokskskokskokok ok /

void adc init(void)

{

ADCCON1 = Ox11; // WP AINT, SHEHERN
VDD

ADCCON2 = 0x02; // PRI, HDREE

ADCCON3 = 0x40; /) RAEEHE 8bit, £ X5

}

void rtc2 init(void)

{

CLKLFCTRL=0x01; // f#H 32K RC B 4F
RTC2CMPO=0xA3; // 100hz $i%

RTC2CMP1=0x00;

% 42 T1 3t 480



£/ SHANGHAI JIAO TONG UNIVERSITY

ALY ER R BA TT A P IEFR VR AR 5T

RTC2CON=0x07;
WUIRQ=1;
}

void adc convert (void)

{

ADCCON1 = ADCCON1 | 0x80:
while ((ADCCON1 && 0x40) == 0x40) :

}

void voltage swap ( void )

{

/* unsigned int m = 0 ;

for (m=1:;m< 10 ; m ++ )

{

// BB, 3 RTC2
// f¥ifiE TICK ¥

// JaZEh ADC
/] R R

Voltage [ m - 1 ] = voltage [ m ]

}

Voltage [ 9 ] = ADCDATH ;

VolMax
VolMin

voltage [ 0 ]
voltage [ 0 ]

for (h=1;n<10 ; n ++)

{

if ( voltage [ n ] > VolMax )

VolMax = voltage [ n ]

if ( voltage [ n ] < VolMin )

VolMin = voltage [ n ]
*/

For ( j=1:;3>0:3j—)

{

Xin[ j]=Xin[ j-1]
Yout [ j]=Yout [ j-1]

}
X in [ 0 ] = ADCDATH ;

Filt out = 78 * X in [ 0 ]

Y out [ 0] = Filt out / 100 ;

- 78 % Xin [ 1] +55%Yout [1];

If (Yout [ 0] > Volthreshold pos )

Counter ++ ;

}

void RTC2_TRQ ( void ) interrupt INTERRUPT TICK

{

adc convert ()
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}

sample ++ ;
if ( sample < 25 )
voltage swap ()
else
{
Ready = 1 ;
Sample = 0 ;

void DAC initial ( void )

{

}

S =0 ;
Delay (1)

SPT_DA ( Ox ff )
SPT_DA ( Ox ff )

CS=1:
Delay (1)
CS =0 ;

SPI DA ( 0x c7 )
SPI DA ( Ox E4 )
S =1 :

void main ( void )

{
//

PO. 2,

uint8 t 1, j;

PODIR = pOdir;
Input: P0O.3 - PO.5
P1DIR = pldir;

PO. 2, Input: P0.3 — P0O.5
P2DIR = 0x00;
POCON = 0x00;
P1CON = 0x00;
1/0
P2CON = 0x00;

for (j=0;j<2; j++)
{

Xin[ j]=0;

Yout [ j]=0:;:
}
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LED1 = LED2 = LED3 = 0 ; // turn on LED
Delay ( 1000 )
LED1 = LED2 = LED3 = 1 ; // turn off LED

// Radio + SPI setup
RFCE = 0; // Radio chip enable low
RFCKEN = 1; // Radio clk enable
RF = 1; // Radio IRQ enable

Save Control = 0 ;
uart init ()

//REEAE

//
//
//

//
//

//
//

rf init ()

Volthreshold pos = 0x 07 ;

TMOD = 0x 01 :
THO = (65536-400) / 256 ;
TLO = (65536-400) % 256 ;
// WGtk 24101
EA=1; // Enable global IRQ
RX Mode ()
adc init ()

rtc2 init ()
DAC initial ()

ETO = 0 ;
TRO = 0 ;
While (1)
{
while( ! ready )
If ( counter > =5 )
{
if ( fire == 0 )
{

LED1 = "LEDI;
// CS ="CS ;
// DIN ="DIN;
// SCLK ="SCLK;
for (m=0;m<5 ;m++)
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S =0 ;
Delay (1)

SPT_DA ( Ox cf )
SPT_DA ( 0x fc )

CS=1:
Delay ( 0x le )
CS =0 :

SPI DA ( 0x c8 )
SPI DA ( 0x 00 )

CS=1:
Delay ( 0x 32 )
CS =0 ;

SPT_DA ( 0x c3 )
SPT_DA ( Ox fc )
cS=1;
Delay ( 0x 78 )
}
S =0 :
SPT_DA ( Ox c7 )
SPT_DA ( Ox E4 )

CS=1:
// fire =1 ;
Delay ( 5000 )
Ready = 0 ;
Counter = 0 ;

// }

// else

// {

// fire = 0 ;

// }

}
/% if ( RX DR ) // finish received
{
LED2 = ~ LED2 :

high time = rx buf [ 2 ] % 10 ;
gap time = rx buf [ 3 ] * 10 ;
low time = rx buf [ 6 ] * 10 ;

*/
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//

//

/%

%/

for (I =0, T <10, I ++)

{

//

Sta = 0 ;

CS =0 ;

Delay (1)
SPT DA ( rx buf [ j ++ 1)
SPT DA ( rx buf [ j+1 1)

CS=1:

Delay (1)

jt =2

sta = 0 ;

Cs =0 ;

Delay (1)
SPT DA ( rx_buf [0] )
SPT DA ( rx_buf [1] )

cs=1;

Delay (1)

ETO =1 ;

TRO =1 ;

While ( flag == 0 )

ETO = 0 ;

TRO = 0 ;

CsS =0 ;

Delay (1)
SPI DA ( rx buf [ 2
SPI DA ( rx buf [ 3

cs=1;

Delay (1)

ETO =1 ;

TRO =1 ;

While ( flag == 0 )

1)
1)

sta=0;

/#while ( ! RX DR )
{
cCsS=0;
Delay (1)
SPI DA ( rx buf
SPI DA ( rx buf
CS=1;

—
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/%

Delay ( high time )
S =0 ;

SPT_DA ( 0x c8 )
SPT_DA ( 0x 00 )

CS=1;

Delay ( gap time )
CS=0;

SPI DA ( rx buf [ 4
SPI DA ( rx buf [ 5
CS=1;

Delay ( low time )

b/

if (rxbuf [0 ] ==1)
LEDI = 0 ;

if (rxbuf [0 ] ==2)
LED2 = 0 ;

if (rxbuf [ 0] =3)
LED 3 =0 ;

if (rxbuf [ 1] =1)

LED1 = 0 ;

if (rxbuf [ 1] =2)
LED2 = 0 ;

if (rxbuf [ 1] =3)
LED3 = 0 ;

Delay ( 1000 )
LED1 = LED2 = LED3 =1 ;
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ARTIFACT REMOVAL ALGORITHM ON USING
MUSCLE FES FOR TREATING FACIAL PARALYSIS

This research developed a stimulus artifact removal algorithm for a closed-loop FES system,
which aimed to restore blink function on facial paralyzed.

Functional-electrical stimulation (FES) is one possible way of restoring blink and other
functions in these patients. In previous research, a blink restoration system for uni-lateral facial
paralyzed patients is designed. The system achieves restoration of synchronized blink through
processing on EMG signal from eyelid of healthy side in real-time and stimulating the paralyzed
eyelid.

Such FES system can be divided into 3 blocks.

The first block is an EMG extractor. EMG signal is firstly recorded using electrodes and then
amplified and filtered. Since an obvious fluctuation could be observed during a voluntary blink in
the frequency band of 200-500Hz. Thus, a filtering circuit consisting of an instrumental amplifier
followed by a 4th order butter-worth 200-500Hz band-pass filter was designed for filtering noise
and extracting the defining characteristics of blink motion.

The second block is a blink detector. The EMG signal is first digitized using a 10 bit ADC
with sampling rate of 2 kHz/s. Then, three kinds of thresholds are applied to the sampled EMG
signal one after another. Within a window length of 30 data, once the number of data surpassing
threshold 1 in amplitude, which is recorded by the counter Data_counter, exceeds threshold 2, and
such window appears three time3 in series, a blink will be confirmed. Then, MCU will trigger
one-time stimulation to the paralyzed eyelid by sending a set of parameters to the stimulator.

The third block, stimulator, consists of a 10-bit voltage-output DAC and a current generator,
which is based on a voltage-to-current converter implemented by two operational amplifiers and
resistors. The stimulation parameters received from MCU are decoded and supplied to the DAC
register to generate stimulation patterns. The output of DAC is connected with a stimulus
generator to create bipolar charge-balanced constant current pulses.

However, during previous study, once the reanimation system starts to deliver stimulation
current to the paralyzed eyelid, the artifact signal generated by stimulation will keep
contaminating the EMG signal recorded in the detector. This artifact has amplitude of several
hundred uV, decaying over time. Without removing such signal from natural EMG, the detector
may take the artifact as a blink signal, and trigger stimulation, which will generate another artifact,
resulting in a deadlock where the system keeps stimulating without stopping. In previous studies,
several solutions based on artifact blanking and filtering technique have been proposed. Among
them, adaptive filtering technique is mainly used in the case of nerve stimulation. Blanking based
system usually requires additional circuit. Software based systems need complex computation and
some of them are not real-time. To develop a system with real-time artifact removal, a new
method with simple algorithm and low hardware cost is much desired.
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Algorithms used to remove artifacts from EMG signal can be divided into 3 kinds: artifact
blanking, artifact subtraction, and artifact filtering.

Avrtifact blanking means the EMG recording was stopped for a certain period after every time
FES stimulation is triggered. After the holding time, when EMG extraction is stopped, the
stimulation artifact will decay to an amplitude so low which will not interfere with the EMG
recording. Blanking algorithm can be implemented in software or hardware ways. Hardware used
to implement blanking algorithm is called sample-and-hold circuits. Software realizing such
blanking algorithm can be implemented in MCU.

Software artifact blanking way is to eliminate the artifact at the lowest cost and simple and
feasible solution, but the limitations of this algorithm is that each stimulus after the system is
bound to lose a period of EMG information will also be the highest frequency of the system
electrical stimulation restricted.

Avrtifact subtraction, in this method, the stimulus artifact was subtracted in the mixed-signal
acquisition to less ideal template to get pure EMG waveforms. This artifact elimination way can
also be implemented in the microprocessor, and compared to Blanking algorithm, this algorithm
will not lose important information of the EMG. Thus, it does not produce the restriction of the
stimulation frequency.

However, the two main issues of using this way to remove artifacts are: how to obtain the
ideal way of the stimulus artifact, and will the artifact waveform remain constant during each
stimulation. The existing part of the study took into account these problems, the proposed
dynamic artifact waveform by using the moving ensemble averaging.

Acrtifact filtering method filters stimulus artifact in the EMG signal. This method take
advantage of the different distribution of the artifact signal and EMG signal in the frequency
domain filters to remove artifacts. Artifact filtering technology can be realized by adding
additional filters to the signal acquisition circuit implementation, taking into account the artifact
frequency distribution and the amplitude is not stable , most systems use the adaptive filter when
the filter.

Filtering algorithm can be implemented by way of software, hardware , and have advantages
in real-time processing. Nevertheless, due to the artifact and EMG signals in a huge gap between
the amplitude and the frequency domain distribution often overlap , the filtering scheme of
instability , as well as more complex design costs for these two shortcomings .

At the first phase of my research, | designed an artifact removal algorithm based on artifact
blanking method. This algorithm is used in our system for two reasons: effectiveness and
simplicity. The EMG detection is stopped for a holding time (HT) after each stimulation until the
artifact signal decays to a level low enough not to interfere with the blink detection algorithm. The
parameter HT in this algorithm is the major parameter of the whole system. Since its value will
directly determine the maximum detectable blink frequency of the healthy eye. Since the detection
time, which is of the order of 10ms, is negligible comparing to HT, the maximum detectable blink
frequency is 1/HT times/s. Thus, the longer the HT, less superimposed the stimulation artifact can
be to the original EMG. But on the other side, lower the maximum blink rate the system can
achieve.

At the second phase of my research, | designed an filtering-blanking-combined artifact
removal algorithm. | used filtering algorithm in my design because, according to my observation,
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the most important part of the stimulus artifact signal is the waving tail, which lasts for about 1s,
and contains the main frequency distribution in 50Hz. Because the EMG signal is mainly from
200-500 Hz, if we designed a high-pass filter, which filter the 50Hz signal from EMG, the artifact
will be therefore, suppressed. During my design, different kinds of digital filters, IR and FIR
filters was carefully weighted. First | brought up 3 potential solutions for the system: 1st order IIR
filter, 3th order IIR filter, and windowed FIR filter. Then, | tested their performance in matlab, and
weighted the cost of realizing them in MCU. Finally | chosen the solution of 1st order IIR filter.
And such filter is implemented in MCU.

To test my algorithms. Animal experiments were done.

A unilateral facial paralyzed rabbit model was constructed by resecting part of the facial
nerve trunk. All the surgeries were accomplished under sterile conditions. The rabbits were
purchased from the Animal Center of Chinese Science Academy. The protocol for the use of the
rabbits in this study was approved by the Independent Ethics Committee of Shanghai Ninth
People’s Hospital affiliated to Shanghai Jiao Tong University, School of Medicine.

Eight weeks post the construction of the animal model, a test of the restoration system was
implemented. At the beginning of the experiment, the stimulating electrodes were implanted into
the orbicularis oculi of the paralyzed side, and the recording electrodes were implanted into the
unaffected side. To test the functionality of the closed loop stimulating system, a flashlight was
shined to the unaffected side to induce a natural blink. It has been observed that the stimulation
system works as expected and synchronized blinks were achieved. The latency between the
light-induced blink and the FES-induced blink was not distinguishable through eyes.

To evaluate the effectiveness of the real-time blink restoration, the response of the paralyzed
side eyelid to the electrical stimulation was recorded with a high-speed digital video camera. 30
times of stimulated blink were tried with different HT. Each attempt was considered successful if
an artificial blink with an over 50% eyelid closure, and an indistinguishable latency to
contralateral natural blink, as shown in Fig. 9, was observed. The restoration accuracy is defined
as the ratio of the number of successful attempt to the total trials of 30. The result is that the
algorithm helps the FES system to achieve the restoration accuracy of 90% at the maximum blink
detection rate of 2times/s.
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