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ABSTRACT

This thesis presents a design of an adaptive noise cancellation system for 50-Hz noise in
surface electromyography. The comparisons of noise cancellation without external reference
signal consisting of an IIR Notching filter, an adaptive linear neural network (ADALINE) filter
based on least mean square (LMS) algorithm and Normalized least mean square (NLMS)
algorithm were performed. The design and the simulation were performed using DSP Toolbox
and Xilinx Accel DSP Toolbox on MATLAB. The filter efficiency was measured using the
correlation coefficient and the normalized mean square error (NMSE). From the analysis results,
ADALINE filter is the most suitable method for 50-Hz noise cancellation because it has the
efficiency comparable to NLMS but its circuit size is about 30% smaller than the NLMS based
filter. In additions, the 16-bit fixed-point QO0.15 format was optimized for area using the resource-
sharing technique that considers the interconnect complexity. The design and the simulation were
performed by using Xilinx tools to find the most optimized circuit on Xilinx FPGA SPARTAN-3
XC3S400-TQ144. From the experimental results, the 10-tap ADALINE implemented in the 16-
bit fixed-point Q0.15 format can achieve the throughput of 1.656 MSPS (Million sample per sec)
with the area of three 18x18 bit embedded multipliers, 1835 LUTs, and 858 Flip-Flops, whereas

the signal quality is the same as the others.
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2.2 NYEAUATHADMSNEINVIZVVAATYYIMSUN I

2.2.1 Mnsesdayanaaneauuylelents (Digital IR Filter) [15]

4 [ an 4
AnsesdaaInAInoaly 1o 19015 (Infinite Impulse Response: TR Filter) 3]

[ A

anauiading Aeliranouausinianud 1dau (Sharp Cut-off Frequency) B9AN11A2NT09

o
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y(n) = byx(n) + byx(n—1)+ -+ b,_1x(n—L+1)—

ay(n—1) —ay(n—2)—-—ayy(n—-M+1) (-1
y(n) =Y dbix(n—i) + ¥Ml —a,,y(n —m) (2-2)
y(m) =b"x(n) +a’y(n— 1) (2-3)

Lﬁ@ b LI a ﬁﬂ Filter- Coefficient vectors

b = [bo, bl,"‘bL_l] (2_4)

a = [_al, az, _aM_l] (2_5)
\iio

x(n) = [x(m)x(n—1)--x(n— L+ 1D]T (2-6)

i lUdamonans q Tuinaz@ouldeglugilues z-transform 1dasaums

Y(Z) = (bo + blz_l + -+ bL_1Z_L+1)X(Z)
—(a1z7 Y+ az %2 + -+ ay_1z7MHY(2) (2-7)

Y(2)=X(2)Yitbiz7t - Y(2)¥Mla,z7™ (2-8)

Jo 1 o J 3
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Y(z
H(z) = % (2-9)
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H(z) = Mg o (2-10)
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2.2.2 Minsesdayanaianeauuuenles (Digital FIR Filter)

% [ an J
mﬂimﬂmutywmmmaagmmaw"lami (Finite Impulse Response: FIR Filter) 1

AuUTAAIEUNS
y(n) = box(n) + byx(n—1)+ ..+ b,_1x(n—L+1) (2-16)
y(m) = XiZg bix(n — i) (2-17)
y(m) =b"x(n) (2-18)

J

A A a 4 A 1w a
W T AD IIATNY ‘V]ﬁ']‘HIWﬁGUENL'JﬂW]'ﬂﬁ Uag b Ao ﬂ']ffﬂJ‘l]i3ﬁﬂﬁm@ﬁ?ﬁﬁ]§ﬂﬁ@ﬂmu’]ﬂ LxI)

b = [bo, bl’ vy bL_l]T (2'19)

waz x(n) 1Aun
x(n) = [x(n),x(n— 1), x(n—L+ 1] (2-20)
Woul#oglugives z-transform ldaseunis
y(2) = box(2) + bz *x(2) + byz7%x(2) + ++ + b,_1z L 1x(2) (2-21)
y(2) = X(2) Lig biz™ (2-22)

wieamsaouliegluglvesilasiunislou vz 'ld

B(z) = % (2-23)
B(Z) = bO + blz_l + sz_Z + + bL_lz_L+1 (2'24)

B(z) =Yg biz™ (2-25)
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A = ] 9 Yo ~
NAUNITN 2-16 Ansasuilulassadielddanmilsznouh 2-3

bO bl b2 bL-l

Y

>® >\I>—>————4>@ﬂ>

¢
nwilsenow 2-3 LLﬁﬂQIﬂ5Qﬁ%’]ﬁ]’f’)ﬁ’)ﬁﬁ]ﬁﬂﬁ@ﬂl@“l/\m@@ﬁ

o Jd v IS % @ = Jda
@'Jﬂﬁ@Qllﬂﬂlﬂwulﬂﬂ']ﬁFﬂﬂlﬂu@ljﬂi@Qﬁigmu1mllﬂﬂuauilﬂ@§“ﬁw (Non

@

4 [ @ 4 Y [
Recursive) 11109910 lilinsdleunduainnmediuerdna uazuenainiidansesdya oy
o A wa A = A
oW looidaliguantiaon o on Ae
Y Y d' = Y -4
1. annsaainldnedomeududinsosuyle'loors
=1 wa I a Y .
2. UnmaviianmsaovauesmanailunuuFady (Lincar Phase)
@ A A a o a 1T a £ o Y Y
3. duidszansmnannmssuiaezia lununiaildansoadaas
o Y o a =2 . .
Mo laauuanlszuiananunyanailonniaga (Fixed-point)

a 2 ' A 1A 1A o A ..
4. UANUADYININ (Stable) LLUUDU LHEN%'Iﬂ’J'IﬂJIWﬁ’E’JQWQ@ﬂ']Luﬂ (Origin)
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2.2.3 danesNuMuUAUNaMasae ioaTiga (Least mean square algorithm)

[ a R v W 1 A o w 9 A A 3

ganesnulSuduesuuaundeidedesioofiga nie uoadued (LMS)
<3| @ a & Jd [ a o 4 @ 1
Wusaneinudeldlassadiaunylasadt uaz lddyanaianain e(n) s uauiedlsuan

7 ' v
duilsgansvesdinsosdy i laoldloulunsaasinnuianaiadiaedounae (Mean

v 9
o v A

Square Error) 1130 MSE 1##imdigauansladadl
B = E[e*(n)] (2-26)

3 g = 4 4 S o
E[] wansdudmilnatudetinlosismes (Expectation Operator) 1Husinumianie uag

A 1 1 o ~ 9 A o [ 4 ] A
e(n) ABAIWAANVDIAUYIUNADING AD d(n) NUAUYIUDIANAVOIAINTDI AB y(n)

[

N

=n

e(n) =d(m) —yn) (2-27)

e(n) = d(n) —wl(n)x(n) (2-28)

£ A o a o ~ ~ ' J .
F9m1u09 w(n) Aeduilszaniainsosinaala o Fenn INNNAOS (Weight Vector)

w(0)
w(n) = W(:l) (2-29)
w(L—-1)
wazAved x(n) Av
x(n)
x(n) = x(n - D (2-30)
x(n—=L+1)
TRGERIEE wT(n) ﬁﬁ]mimmTWﬁﬁmmnﬂma{w(n)
VINAUNT 2-28 ENToloudNns 2-26 Inalaasaunis 2-36 Saglauns
e?(n) = (d(m) — y(n))? (2-31)
e?(n) = (d(n) — wT(n)x(n))? (2-32)

e?(n) = d?(n) — 2d(m)wT (n)x(n) + {wT (n)x(n)}? (2-33)
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B = E[e*(n)] (2-34)
E[e*(n)] = E[d*(n)] — 2E[d(n) — wT (m)x(m)] + [{w" (m)x(n)}]? (2-35)
diotagivesaums vz 14

B = E[d*(m)] — 2w" (m)p + w' (n)Rw(n) (2-36)

Tagi R = E[x(n)x” (n)] {u Autocorrelation Matrix ¥U1A@ Nx N LA

1 @

ANudURUTvodazm augy (Sample) VoRUNA X(n) g p = E[d(n)x(n)] W

v o do 1 @ {
Cross correlation Vector UU1AN x 1 Llﬁﬂﬁﬂ’JmﬁiJW‘LJﬁﬂﬂizﬁ?ﬁﬁﬂgﬂﬁm‘ﬁg]}mmﬁ d(n)

AUTIIMDUNA x (1)

i
a £A

Tumsmdulszansnidusinouvesauns 2-35 Ao w = [wo wy ... wy_q]”

Y v

a o 1 = YA 1 o Y o 9 v 1 dy
w5 IaeMIfnMuaA NS AeUYDY MSE Gl‘l’illﬂ1ﬂ1qmlﬁ’3‘l/l']ﬂﬁLlﬂﬁilﬂﬁﬂﬁ@lﬂllﬂu

de

vie) = own)

(2-37)

Y Y
Tuaunis 2-37 59A1AUAITNUAIVDIAINTIABY (Gradient of MSE
é [ 1w a Q(o sldd' = 1
Performance Surface) F9d111509aduN 5 Iuglvosmduilszdns Mnouw laligeiionii

AUATUDTUBA (Normal Equation) ail
Rw=p (2-38)

1 2 a Q( o
MNAUM3 2-28 asammdulszans w a1l 2 dnvag e unviiazya

1 a & [~ 1 T
(Block-By-Block) Iasnmisidszunmdarl R waz p a1ndunadguvuiludiudoss ndivem

Y
Maovuno il

w=R""p (2-39)
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= 1 d! a Y o Aa vaAa v
HazlUUNazAI (Sample-By-Sample) Fatonlginulumslgiananyuems
o <3| a . a A o A -1
MUy uaulaing (Real Time) 1’iﬁﬂlﬁﬁl\‘lﬂﬁﬂﬂ!’)ill“l/liql\iﬁﬂﬂiﬂﬂﬁﬂ? R as p
o Y 1 o 3/ & [ @ 1 dy
Iﬂﬂfﬂﬁ“l’nﬁl‘l’i@Qiﬂgﬂll‘ﬂ‘ﬂ%’ﬂﬁﬂTi“ﬂW“ﬁW (Tteration) F9 e ann1sUszma NI IAgY

[ = v axt A 9 4 o 1 dy
L%u&ﬂﬁlﬁﬂﬂﬁﬁﬁ@wm%ﬁﬁuﬂ (Steepest Descent) mﬁumma"lﬂu
wn+1) =w(n) —uv(n) (2-40)

@ v 1 @ v < @ 1 U 4
Funa'ld1a1 wr + 1) azdSuaududadiuaiuaiavveunsifeuvyod
1 A z . I 1 A s 1 =y o v 9
MSE, a1 u GlufﬁJﬂ'lﬁ ADVYUIAVY (Step Size) Wumasniranet@nesnIn UAZaAIINITYLN
@ aX 1 dy o [ aR <
SUENE]ﬁﬂﬂﬁ%uiuﬂﬁﬂi%lﬂmﬂ'nlﬂimEJ“LJ V(n) A1 IUDANDINULVULIDADULD T ﬂi%‘ll'lﬂﬂﬂﬂ

9

o 1 T \ % é 1 Y U
mssmualial MSE, (€) iaumdy e2(n) Saansmszunaunspon laaail

V(n) = %((:))] = —2e(n)x(n) (2-41)

A ' & ~ Yo ax
lla&’iu@llﬂuﬂ’]ﬂ333J"|ﬂlllﬂﬁlﬂﬂucﬂnﬁ']ﬂlﬂ 9 Gluﬁi]ﬂ’]ﬁ 2-40 %gvlﬂ@ﬁﬂﬂﬁ‘ﬂil

Widrow-Hoft LMS Algorithm Aatl
wn+1) =w(n) + 2ue(n)x(n) (2-42)

o A o v o s 4 .
Tumsimuaasududmsudulseansisnnnmes (Weight Vector) w(0)
o <3| ' ' Ay o Y A 1 3 . A
fT'Ill'Iﬁﬂﬂ'lﬁ“LJL‘]Juﬂ']iﬂs] dumnaesmrua iz aune muuiadu (Step Size) W 1183I91N

v I 1 é 1 a [
Tnadeanuiaios nazganuis lumsgdidiinadennuainsalunsasnudygiuves

9
=1

Y v o d o 1 q’j @
@]'Jﬂﬁ'ﬁ]ﬂg{jfl NANVTUNUTNUTUNITICTINITONUUAMVUIAYU U ]’l@g{ﬂﬂ

O<yu<—

(2-43)

Amax

{ 3| 1 I { ] a 1
1007 Apay tHuA1 Tty (Bigen Value) N1naigavoauunsng R 1aA1 Apay

fT'Ill'lﬁﬂ‘Vi']eU’E]UHJG]]lg]}ﬁ]'Iﬂ

Amax < TT[R] = Y.(Diagonal Elements of R) (2-44)

{ a o
Taeh Tr [ ] A0 N5 (trace) VOUNATAY 1@



3 ' o a So @
mmmﬁlumﬁgmﬁw (Speed of Convergence) voudulseansaInsosdaan

0 9

{ o v o a @ o o
(Weight Vector) Fuiludasimuannuainsalumsdaaiudygsuesdiniosdyniulag

@ o 19 9 A ' < 1Y Ay A o Y v
GI’Jﬂﬁﬂﬂﬁiyinﬂ!%zﬁnJ']ﬁﬂ'@jmﬂllﬂmﬂﬂWﬂ'NiJL'i31uﬂ1i@ll%1ﬂ%1ﬂq®ﬁ1ﬂ13ﬂﬂﬂﬂﬁ?ﬂﬁ’f’)\‘l

v v v
19 Ay A v A

v 1
Ty g Idmiu A1naine (Time Constant) nsainFngaudaslagail

U

t = (2-45)

Y 9 Y 3 v = o @ VY v v 1
MNANIIIAY uaaslmrunmainadimsumsgaulsenRunum
o ' g a o gy A
VUIAVU U waza losnu (Eigen Value) U983 Autocorrelation LM@?ﬂ%%QL?ﬁTﬁ%TﬁQﬂ%zgﬂ
Mrualaenl Ay,
o v v 9 1 c? . a 1
wamsiumsdsuaneslaslémsiszananiuns@eu (Gradient) 9ZtnanA
a 4 { v 1 U a QOJQI U 1
WANAIA Lﬁmmﬂmmﬂﬂ,ﬂﬁauiuaﬂymzqmmamﬂﬁzammaﬂﬁmﬁiyiymmﬂm Optimum
a A‘{ U 4
luan11znId7 (Steady State) mmgﬂéfmmmfmﬂ5zfﬁnﬂuﬁmazmmmmﬁm@”léf“lu;ﬂ
1T A é a U {
YOIATHANDIATUNUIINAUNAINTO Excess Mean Square Error
. o aX < '
(Excess MSE = E[€ — Emin)) 1azniMoandINULUVLUDADULDN A1 Excess

MSE tana lgaail
Excess MSE = uTr[R]Emin (2-46)

Taoh Emin n30A1 MSE  @1galuan1iznada 9Induns 2-45 uag 2-46

Y I dy A 3 o a R 3 A o
amsaldduiugiulums@enyuady y vosdanaINuLUVLBADUDA IWORIHUA
, d

a 4 a 4 4 o 1 { L a Q( U
ﬂﬂ!ﬁllﬂ@]"]]@ﬂﬁ]ﬂﬂﬂﬁﬁlllﬁﬂ?ﬂllﬁ]@ﬁ'lﬂ'liglslalj'lllﬁzﬂﬂ’lﬂlﬁﬂﬂﬁiﬂ vosdulseanineununIn

M ANNGA (Optimum) JUAN1ITAIA

v Y 9
TaoNis1enunsoagaunoun1st1auvee LMS (Least Mean Square) 1Aaqi]
a og/ o 1w = Y A Y Y v ‘ﬂ
AUUAAMIIMID ) uazAI9AIINITTENS (1) TuAuINAU993 uazilou
a Y Y 3 o o 1 J A o v 9 @
BUNA x(n) 112995 nasontiuesagihmsmnumaneidna ym) e lddndieny
o a Y I [ a o w a dy
waamlgugi dm) wlalludyanunnuianain em) uazihdgyauanuranaiail l

Y
MmsUsuanimiin win + 1) MuUnann13v098aneT NN LMS
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d(n) @ e(n)
+
X(n) . H() y(n) ‘

9
Mwilszney 2-4 uaasguuuduaoumIiauYes LMS

3 ~ 1 A @ ' o 1 J A
VUN 1 qUIADNAAAVAN ) AUIUNIMVoUDIANA y(n) e x(n) lag

q

3 Jo a A ' £
w(n) Wunnaesdauuuia L sunai 2 @199 1aan

x(n) = [x(n),x(n—1) ..x(n—L+ D] (2-47)
w(n) = [we(n), w;(n) ... wy_; (n)]" (2-48)
ym) = wi(m)x(n) (2-49)

Y '
v A

Tun 2 Aamugluuuaums 29nseuuliua Tagrmainnuranaie

e(n) inﬂwacshwammﬁwmﬂmmﬂ d(n) ﬁmmﬁwmamﬂi y(n) JEDRD

e(n) = dn) — y(n) (2-50)

£4
v A

Y
U 3 Update 111111170 w(n + 1) 18910

wn+1) =whn)+ 2ux(n)e(n) (2-51)

' 9
=

Y v v
Tun 4 lmgaun 2

E4 ]
sUnuumsihauezaugiedieiiliFes o
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LY ¢ o o !
2.2.4 dane3nusuuUeNea latAuNdeMdITesioaiign (Normalized least

mean square algorithm)

o Y o aR ) 1 q’/j =}
Iﬂﬂ%?qﬂllﬁiﬂﬁﬂﬁlﬁﬂulmﬂ LMS MINMUUAAIVUIAVYY (Step Size) u IZW

v ] J & ' a o o
Nﬁ@]E]ﬂ:]'lllm’aEJﬁLlazﬂﬁ'lilﬁ?iuﬂ'lﬁgl%'l%ﬂﬁINE‘W]Elﬂ’J'lllfT'liJ'liiﬂclUﬂ'lﬁG]@G]']iJﬁﬂluﬂlu'lmeU@Q@'J

Y ' ' Y
A399978 [11][12] #9351 9INAUATN 2-51 TINTONUAIVUIATY YDII99INTOVVUSUAIN

) aR A A A a vy Yo &
Glﬂfﬂﬁﬂaﬁﬂiluﬂﬂ NLMS LW@EWﬂJﬂﬁgﬁﬂﬁﬂ’]WGlTJﬂ'ﬁQLGU']GU@\TNﬂﬁulﬂﬂQu

a
Unims = X,7;Xn+ﬁ

4 da
e XI X, Avnnnosouns

T — 2 2 2
Xan =Xp +Xp_1 T+ Xn_maa

XTX, ~ Tr[R]

Q

o v 1 = 1 1 1 2 d’l
GRIGFRIRE ,3 IUas a mmm@g“l,umqmu
0<p<1

0<a<?2

2.2.5 m3tlszgnald nuinsesdyanamuuiliudies

e(n)

d(n) >
o Filter
x(m > "] Structure
_ | Adaptive
= Filter

> y(n)

(2-52)

(2-53)

(2-54)

(2-55)

(2-56)

mmlsznen 2-5 uaasziuuuuazdiulsznavvesdinsesdyaramuulsudies
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anauiadinguesdinsesdyaauuuliuaies Ao awisaiinuldeds
= a A Y ~ 1 9 a o a 2 Ao
tiszanswaluanimuadeui luovmamla nazmsfamudygiudunadaildnyue
wAa A Y 1 £ o o Y o I A
antaudsn)dsumunatla szuuaiee Fednsosdyananuulivaneslszaunadiion
° &% 1 4 s
Tumsihldidszgnalda 1dun szuudodts (Radar) Tasuns (Sonar) s3UVAILANLAZ A5

Uszananadymin Jluvylasia llvesdansesdyaanuulsuaeaaasdaning 2-25

a @ J @ 1

o a £
UsgnoudlodyIduNa x(n) 10g din) TYYIBLDIANA () LAZTYYIUAAANAIA e(n) T
I 1 o ! @ J @ @ v W
iWuwassvesdyaafidesns dm) uazdyaano1ang yim) Aansesdgyauuuulsudies
Jq 9 9y 421 [ [ a J [ 1
mmﬁﬂﬂizqﬂmGl,%ﬂm"lﬂﬁmmm‘u eU“LJﬂ'Uﬂ']ﬁﬂﬂ;ﬂLLUU%@Q@UW@Hﬁ%L@']@‘V‘!@ ANANIDYIN

ao'lil

2.2.6 M3MneuuUl5un1ed (Adaptive Prediction)

Armanziunyuluaewaasglunuasgla 2-6 Yszneudredyyiuin

= 9 A I 1Y < [ a A ] I [ A
metesno dm) Wudygruduna xm) Wudyaraduyaiignuiieal ym) Wudyaui

o9

gnadelaemstinevesdiinsesdyanauunlSuaewns em) Aodygrunnanainve

NSNIUIY

d(n) > ¢ ? ﬂ»
Delay \
»| Adaptive y(n)
x(n) Filter
\

Mnsznow 2-6 LaaINSIIBLUVYS UA DY
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v

msaudmlnguesmsinenuuliudaues e msdhsdadyaaya
@ [ [ 9Yyq ¥ 4 a o o &% 1
Gl':!ﬂﬁ@Qﬁiyiy’]ﬂlll‘l]ﬂﬂ3U§I?l@ﬁ@]ﬂ@@ﬂll‘ﬂ‘uﬁlﬂGlslﬁjﬁ35IEJGHHm@ﬂﬂ’]ﬁuﬂﬁ’]uﬁuwuﬁﬂum@ﬁﬂ']

9

Tyanady Indifssduvesdyanuyadeaz Idvuavesdyaamdanaimanmsnianz il

Il
[} [ A ) =Y

QNAALINIZAD (Quantized) Hazgnda lddrs D dyanauieansuuialmizauay
9

Y Y @ dy = ' anad £
AINUADINTITUBITSUUTITAYUIULUUUUDINITLVITU AU LTUNIAT IDANEHLOU (ADPCM) «iq8®

[

910 Adaptive Differential Pulse-Code Modulation 23 11nenuudiuduesdeaunselgdmsy

v o Y

ATNAOULAZINNTZAUT AL UANUINAY q Fandusivegludyanazduanudnhs

4

w

2.2.7 msmdadanasunIusuul3uaaes (Adaptive Noise Cancellation)

o

slnuvvesirtitadyyrusuniunuuliudnesudas ldaaninn 2-7

[

IS @ Aa o '
Usgnoudae dm) 1Hudyaadunandn (Primary Input) Usgnoudledyaundoinissu

[

[ IS [ a a o o
AFausunIU xm (Hudaaudunnd190e (Reference Input) AINTOITQYY VUV
U

Q

@

Ysuduenlsziiudyanasunuludunandn do ddudyana ym i ldandy

[TY]
[} [} 9 [}

o a o o J t o g 1
wanudunaraniz ladganaeianagiiivadyaasuniueenual luiiife dyaima

[T e

NANAA e(n)

Signal + z dm) 'ﬂ>
source +
+ -
Noise x(n) Adaptive y(n)
source Filter
\

v W

Mwilsznon 2-7 uaaamsMIadya s un LUV TUAI4

g v w

o A A ) iy Yo ad o <
IN1AA f,yiymsUmumz‘wmimm'a"lﬂmz“lﬁlmummmﬁtuiumiummﬂu

99

v
HULLASY (Additive Noise) (11171 aZNITALADARWIZATA 1FAINIT DA UUTVAUD

nuv lilsdaanadiedsnnmousn Feegnanluideds 1
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2.2.8 wanmsnugumsandyaasunIulaensliiswsnsestSudmuy

Y

Y o a
Tl dyanadrsdsmnmenen

] 9 a

mMiandaausuniulaersesnsesdiud lauun lilddaanudievenn

o 9

[V ~ ag Y o Ao Y A o A A
Mouon [4] uaasgiluunasmnilsznoni 2-8 dauudlidyaaniald Aedymin s il

K4 v
A A A 1 a A Y

dygrasunivluindis Feluniife s+n, drudygyradvamzilouliuniasnses

=

v 9
o Ayl n, FuAAIINMIHUNAIWeITyaINNIald 1InTulseTnseIada

o

YA

=

=)

o @

@ J A 1 @ o v 9 Y ~

dygaeiana a olszanamvesdyaasuniu »n, uazii l)lddndedudyaiainia
9 [ oA YA LY a [ [ A [ Y

14 waansn lademdyyruanudanain e azgnilounau lidvsrsnsouioisuld a = n,

1214 e = 5 uRvaINITaNen 1, DONIIN 5 30 Ty IR Ty ITUAIUNEY

TGN

Primary
Sgnal |, N°'|§ dn) o(n)
source +' Z >
-4
Delay

Noise X(n) | Adaptive y(n)

> Fi
source Reference ilter

input /

ailsznow 2-8 2vsandyanasunIun1999Ins0915ud"

v
Y a

puu'lilddyanadredeinneuen

o

aunds, n, uazn, UguanUANIada lunlsiuaIun (Statistical

0

1 { [ Y -4 a 1 v o o
stationary) uazmmﬁﬂmmuﬁuﬂ Uagauue s "liJﬁﬂ’J"liJﬁllWH‘ﬁ (Uncorrelated) N1 n,lag n,
Y

1 = v o J @ v v @ a £ d'dy a <3|
Up n, UANUAUWUS (correlated) NU n, muumyiywmmmNﬂwamcﬁﬂu‘ﬂummiamﬂu

o J <
WY INOIANAVBITZUD (System output, €) NND
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e=s+ny—a (2-48)
o w qul 9 A [ Y
INNIAITOINIT DIV INUDITUNITN 2-57 Llﬁzﬂﬂgﬂﬁuﬂﬁ %311@1

e? =s24+2(ny—a)s + (ny — a)? (2-49)

'
(4 1 A

wnsanndyIufedyaugy Womamanumaniavionundensanavesdy g

q

(Expected value) 21
E[e?] = E[s? + 2(ny — a)s + (ny — a)?] (2-50)
ﬂﬁ$ﬁ]']ﬂll§°’]la$!fﬂ@well@ﬂﬂllﬂ'ﬁﬁ 2-57 i]ghlﬁ?ll

E[e?] = E[s?] + 2E[sny]| — 2E[sa] + E[(ny — a)?] (2-51)

o

ilosnndayans s 1 7, wag s 1 a WTANUFURUTAUNNGERN1ADA

@ 1w J

L [ @ { Ty o d 4 {
ﬁ?TﬂTﬂ?TﬁJﬂ?ﬂW?ﬂm@ﬁWﬁﬂmm'E')Qﬁﬂﬁﬁmuiy"IiNﬁqwﬁuwuﬁﬂuﬂglﬂ']ﬂﬂﬁuﬁl “dﬁ\‘]i]']ﬂffllﬂ']ﬁﬁ

U

©

o’wwﬁlflﬂ/

2-58 3¢ 1adunoni 2 uag 3 vesaumsnsaunioilugud duiudeldaunslniiy
E[e?] = E[s?] + E[(ng — a)?] (2-52)

{ @ o w o ] 1 o w ! o
TﬂﬂﬂmmmmﬂﬁNﬂlmmmﬁawmﬁiyt}ﬂm ﬂﬁﬁ] mmmmaﬂmmﬁtymm

o

Y
' o %

ﬂi%‘]J’JUﬂ']i‘]Jg‘UGT’JGUfN’Nfﬂﬁﬂiﬂﬁﬁ@ ATLUINNITNITUT DAY

Y A

(Weight Value) nuuoaluimiveld E[e?] Hardoenga msild E[e?] fiatiooas

MU INNONNd0UeIaNN1Th 2-59 vzdosliniioofige NS 1ZMONUINABINBNYDY

o w

i v
Masdyanauay luheatesnuimiin

P4 v
a <K A

A Aa A 9 "o Vo o A
LQ@H“%W@‘V]Q@%%LT’M%HLM@ azn, Llﬁ$ﬂ$vlﬂﬁiJﬂﬁﬂ']GleIﬂﬂJENﬂWﬂWﬂﬁmﬁﬂ
U U Al dy
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2.2.9 msiszgnalilnseviedszain ADALINE 1fu2993n50915067

v Y

v a
ol Fyanao199annaaven [2]
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Signal i i Error Signal (e
S + 3 Primary input (t) + ;@_' gnal (e)
(s) \ 'y
+ Adjust w&b -
Delay /
Noise
Source Jopr

(no)

Reference

Input (n+) P2 E Wi

P [D]
9 Output (a)

mwilsznou 2-9 Miszynald Insaine ADALINE dlusainseatlfuda

9 a

puulylddyanmudredanmeuen

= = 99 ¥ 1 &) .
Milsznoui 2-9 uaasdamsilszynalelnsaiie ADALINE (iU Adaptive

) | U a é o | o {

Filter wiia? lilddaanadisdninneuen Feamniotiilasaiie ADALINE 11siniii
. . Y (3 a2 AW Yo ' [ [ Yy a ]

uNY Adaptive Filter 18 Tnodayanadunan ldimimsniiaar ssiludyaiudeselnseig

o o 1 J o v 9 v o = Y I o
wihimsduramaneane uazi lddndnudyanulyugiiee Ialudygyrauaiy
Y Y

Aana1n uazihdyanannuranatai ldiimsdsoanihminawngmsiSeuivesinseiie
o a dy 3 o ] Ay AW Y o o w

ADALINE uazdgyaraanudanaratziiludygiavnaisidesnisi lddinisdida

FanasunIuLa)
= ¥ ' Ao ad A A o w
M3158U39031n39918 ADALINE 92UAsNFaNssous Ao ANRAIRIa9a09

ﬂJfJQﬂ’Jmﬁﬂwmﬂﬁﬁjﬂ (Least Mean Square Error)
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[ =~ 9y 1 Y v dy
ﬂﬁﬂﬂ']iLﬁngm’ﬂﬁIﬂiﬁﬂJRJﬂﬁZﬁﬁ’] ADALINE mmmﬁqﬂ"lﬂmu

a 9

Y v Y

Jun 1 auuannimin o), mlusa @) wazaieasimsiEoud @ Guauliny
Tnsesiedsean

Y ]
Wuh 2 douduna p) Munlaseine
Y

Ui 3 AUUMIANDIANA ark) YoaTaTaw1lTzam
a(k) = f(w(k)"p(k) + b) (2-54)

ng { v a 1 4 [ J
TUN 4 MIAIANUAANAIA e(k) ﬁ]'lﬂNﬁG]'Nﬂl'ENL@']ﬁT!G]Lﬂ']?HJ']EJ (k) DUDINAVD

Taseunelseam ak)

e(k) = t(k) —a(k) (2-55)

9 i Y
v o

Tun 5 dsuaniwminuaz ludaveslasainelszamlvunneauns
w(k + 1) = w(k) + 2ae(k)p(k) (2-56)

b(k +1) = b(k) + 2ae(k) (2-57)

Y Y

v v Y v
qun 6 animiinuazlusanldannduaoun 5 Tudleulinulasevig ADALINE

lusovlny

% ! U ° v =
2.3 ‘Haﬂﬂ]5!?’lﬂ'Jﬂ1Jﬂ]‘iﬂ11»!’Jﬂ!‘l‘igﬁ)ﬂ151]’iBN’Jﬁwﬁﬂﬁyﬂﬁmlmﬂﬂﬂﬁﬂﬂﬂﬁﬂﬂﬂ (Fixed-point

Arithmetic)
. . A A A A 1 9 A o 3
Fixed-point o 3$‘U‘]Jlﬁﬂ]ﬂluﬂuﬂWﬁlLﬂﬁﬁﬂ']LLﬁ'J@JLWiJ'E’)uL?IGUEDWH'JHLG]N

H k4
(Integer) Taogtunuvosmsunuald3duuunGenit Q format TuditivesTurelunsdiay 16

a £ A [ Y A A o A A ] 9 a A
UA FPIWVAWWANHUL ITUNUAIY Qm.n 1D m ADNUIUVANDYNUIYANAUYY LIAT n AD

v [ a

i‘hmuﬁmﬁagwmﬁ;@muﬂu Tagdviua N Aesnaudanonun fufuez N = m + n + 1
Fredrasu o 16 Tauuuaamseang fmuadadiu 1 Tanseanune (Sign bit) uaz
15 dadmiunasganaion 925001491 Q0.15 (M50 Q.15) format luniendudu 15 da
ﬁ1ﬁ§ﬂﬁﬁ1ﬁ;@%ﬁﬁﬂu WFINN Q15.0 format GRVESIGE Dynamic range ila¢ Scaling factors

o a d' 9) d‘ v [ Y v d'
VDIUAVITIUIU 16 Uan e Q format mmmmmm%mmanw 2-1
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A15199 2-1 Dynamic range, Scaling factors Lt Precision D011 16 1

Aq ¥ A W
1% Q-format NA19AY

Scaling factor

Format o Dynamic Range in Hex (Decimal value) Precision
Q0.15 55 _ 35768 7FFFh (0.99) — 8000h (-1) 0.00003051757813
Ql.14 2" = 16384 7FFFh (1.99) — 8000h (-2) 0.00006103515625
Q2.13 2" =8192 7FFFh (3.99) — 8000h (-4) 0.00012207031250
Q3.12 2" = 4096 7FFFh (7.99) — 8000h (8) 0.00024414062500
Q4.11 2" =2048 7FFFh (15.99) —> 8000h (-16) 0.00048828125000
Q5.10 2" = 1024 7FFFh (31.99) — 8000k (-32) 0.00097652500000
Q6.9 2’ =512 7FFFh (63.99) — 8000k (-64) 0.00195312500000
Q7.8 2° =256 7FFFh (127.99) —> 8000k (128) 0.00390625000000
Q8.7 2’ =128 7FFFh (255.99) —> 8000h (-256) 0.00781250000000
Q9.6 2°=64 7FFFh (511.99) —> 8000h (-512) 0.01562500000000
Q10.5 =32 7FFFh (1023.99) —> 8000h (-1024) 0.03125000000000
Ql14 2'=16 7FFFh (2047.99) —> 8000h (:2048) 0.06250000000000
Q123 2'=38 7FFFh (4097.99) —> 8000h (-4096) 0.12500000000000
Q132 ?=4 7FFFh (3191.99) —> 8000h (:8192) 0.25000000000000
Ql4.1 2'=2 7FFFh (16383.99) — 8000h (-16384) | 0->0000000000000
Q15.0 2’=1 TFFFh (32767) — 8000h (:32768) 1.00000000000000
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2.4.1 m3dad1aulen)etsFuuarmsMyUA Clock period tWomnsaly
U 1 Y 14
nSnennssunula
v o w o ° . I a
MsIaa1au lototsFuuazn1snIviue Clock  period 1 uimaiavoIns
[ 4 o Y 1 o ) 4 {
duasznis luszauaailnenssy udaz Taweosdulseneuds msviilewusuaun 1%
Y d v o o Yy 3 1 v JdAaa o v o w
nihlsnFudszananarziimsfiuis udununmaansnsamoesUatonie nsdadiaule
v IA v A o w o w o 1 3 A I ¥ A
nostunfe midaGesdinuanudingues Tonlorstua1e Tursesnamuamold 1da99s0
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159Nga YNNI IFNTNGINTI WA (Resource Sharing) 31T UNITAATIUIUNTNAINTN 1
v Jd o a d A
VUTEVY 1Y Handudszuiana n3o3vmaes Wudu Tasmssonldviars o Tewosines 14
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NINOINIAAALINUT AU 1A
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A5OALUVINDT IAGUANNIT IENTNYINTTINAU 1FU MT1F Operator NLAY
Y 9 T A % 3 ' 9 9 aA o
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1 v R A o & A Y o Y @ . o !
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2.4.2 M390NUVUIIDIVOYA (Data-path) laawanmslEnswennssiununay
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add : 24 ns cost: 2 mult, cost: 2 mult, perf : violated
pipe stage delay : 120 ns 2 add 1 add
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Control Uit
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DFG,
stage 1 stage 2

e T
s1 |
+ = + =
clk = 30 ns 82 II
nmufstates—s e —
J 3 [F |
mull 86 ns ____|__
add : 24 ns s4
e el ——
s5 |
e

(a) (b)
slage 1 stage 2 stage 1 stage 2
| - st | —
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s5 _IL o5 —:r 13
- =T == —_—— T
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num of mult = 2 operation distribution interval 12 = {83,583}
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num of add =1

(c) (d)

NMN5LNO 2-13 LEAIAIDYIIVDINITOONLILUUIIDT Resource Estimation [14]
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243 ﬂﬁnmsmmnmmuqu Finite State Machine (FSM) 4411 Moore

Finite State Machine [16]
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16 0.0097
Q0.31 0.76897 £0.043360 | 0.60222 +0.095628
Q0.15 0.84334 £0.032923 | 0.34898 +0.072801
32 0.0048
Q0.31 0.84325+0.032928 | 0.34918 +0.072704
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18.31 Million data-samples per second
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71.91 W1 1WA LAz Throughput 13.90 Million data-samples per second
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Fixed-point 3111111J Q0.15 U Xilinx FPGA SPARTAN 3 11195 XC3S400-TQ-144

5.1 WHaMIFAATIZH

Aaov dy 1 3 A 9 = A‘
Tunsitetiaeesseuiananiee naruai ldeenuuuuaziWeuldsunsuive
Y . 9 e . 4 4 .
U558102995A280 181 Verilog Taeld 11/5unsy Xilinx ISE 10.1i Tumsdans12# (Synthesis)
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1Wu1995N19A000 Lwamz@,waaww"1@%1ﬂﬂ15mmﬁ1314N%ﬁmiumumﬂwawmm
1 a3 o
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MNMITUATIZHI05A199 Tuide il NWITPU WITUIN UAZNITAY Y 16 UA Fixed-
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i< o . Jo . .. [V
ansoagiilusiide Device utilization summary 118 Timing — Summary A4 0 111

5.1.1 29939 16 U Fixed-point JUuuy Q0.15

o 4 N
MWsznew 5-1 uaAINanIFunIIZHYBII99TAY 16 1A Fixed-Point 31u111 Q0.15
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@ 4 a
HAINNIFUATIZHIDIQUUVY 16 1A Fixed-Point  3un Q.15 1u
alsgneud 5-1 1 lduda wevh Il 1duesdlumsesnuuuisesaineavuialug awise
d "4 o 1]
a31ilusi2d0 Device utilization summary 1% Timing — Summary Haae@InINsznoUN 5-2

1AL 5-3 AUAIN1

Device utilization summary:

Selected Device : 3s400tq144-4

Number of Slices: 11 outof 3584 0%
Number of 4 input LUTs: 21 outof 7168 0%
Number of bonded IOBs: 48 outof 97 49%
Number of MULT18X18s: 1 outof 16 6%

AMN5ENBY 5-2 LaAY Device utilization summary UDINITAY 16 1

Fixed-Point §1Ju11) Q0.15

Timing Summary:

Speed Grade: -4
Minimum period: 11.869ns (Maximum Frequency: 84.252MHz)
Minimum input arrival time before clock: 1.825ns
Maximum output required time after clock: 7.165ns

Maximum combinational path delay: No path found

M5eno1 5-3 1erAY Timing Summary Y9995 16 10

Fixed-Point §1Ju11 Q0.15
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5.1.2 2995170 16 UM Fixed-point

PLPHEXP @ BE DD AN | M | xpersisentdf
$ A AT L

QO re0thh =
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HEXR

V([ OOR 2L

Op = =

What's New in ISE Design Suite 101

i Design Summary

Q Mukt_v ngr Q adder.ngr

[ 4 a { av
AMNUTLABY 5-4 LAAINANTFUATIZHYDII99TUIN 16 T Fixed-point 11911911338

[ 4 a { 4
NAINATFAUATIZHITUINUVY 16 TR Fixed-Point lunimilsznouin 5-4 7
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Gh’iﬂlu ﬁmﬁﬂﬁqﬂLﬂUﬂTﬂ}ﬂ Device utilization summary 0% Timing — Summary HUTAIAY

Mndsenoun 5-5 1ag 5-6 MUAIAL

Device utilization summary:

Selected Device : 3s400tq144-4

Number of Slices: 8 outof
Number of 4 input LUTs: 16  outof
Number of bonded IOBs: 48 out of

3584 0%
7168 0%
97 49%

NMN15ENoY 5-5 LaAd Device Utilization Summary UDIWITUIN 16 1@ Fixed-Point



Timing Summary:

Speed Grade: -4
Minimum period: 4.914ns (Maximum Frequency: 203.500MHz)
Minimum input arrival time before clock: 1.825ns
Maximum output required time after clock: 7.165ns

Maximum combinational path delay: No path found

NN132nB1 5-6 LAAY Timing Summary UYB9995UIN 16 1A Fixed-Point

5.1.3 29950V 16 Un Fixed-point
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-l leorse
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ANYTZNOV 5-7 LAAINANMTTUATIZHUBII9TAY 16 U Fixed-Point nlyluauive

@ d a {
WAAINNITAUATIEUUDINITAULLUD 16 UA Fixed-Point Tunmdseneun 5-7
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Device utilization summary:

Selected Device : 3s400tq144-4

Number of Slices: 8 outof 3584 0%
Number of 4 input LUTs: 16 outof 7168 0%
Number of bonded IOBs: 48 out of 97 49%

NMN15EneY 5-8 LaAd Device Utilization Summary UD3WITAY 16 1 Fixed-point

Timing Summary:
Minimum period: 4.914ns (Maximum Frequency: 203.500MHz)
Minimum input arrival time before clock: 1.825ns
Maximum output required time after clock: 7.165ns

Maximum combinational path delay: No path found

NMN152nB1 5-9 UAAS Timing Summary UYB91ITAVUUL 16 U6 Fixed-point

514 Jﬂﬂia!ﬁﬁ‘i’fﬂga 10 Samples 11833393 10-Tapped Delay Line
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What's New i ISE Desian Sufe | 5 Design Summary | ] Muk v.ngr [E) adderrar B Subtrec [ buiding_bloc |

@ J J
ﬂ']W‘]_li?u’ﬂ@U 5-10 llﬁ@qWﬁﬂ'ﬁﬁqlﬂinﬁeu@QjQﬂﬁalaﬁlaﬁ}aNa 10 Sample tg

U

1995 10-Tapped Delay Line 119111911433




84

o 4 4

HADINNITAUATIZHI995AdY0YA 10 Samples 11822995 10-Tapped Delay
. [ A o ) A g o 9 a v W A
Line ﬂ\iﬂ'lW‘iJi%ﬂfJ‘U‘V] 5-10 5031/1114uTﬂLﬂuﬁiyinﬂ!fJN@\‘]ﬂJﬂ\‘]’Nﬁ]iﬂi@ﬁﬂﬁ‘l}@'J ADALINE 0
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lef,g mmaaﬁqﬂxﬂum%’a Device utilization summary 0% Timing — Summary LUTAIAI

Mndsenoun 5-11 1ag 5-12 Auaay

Device utilization summary:

Selected Device : 3s400tq144-4

Number of Slices: 124 outof 3584 3%
Number of Slice Flip Flops: 216 outof 7168 3%
Number of 4 input LUTs: 33 outof 7168 0%
Number of bonded IOBs: 194 outof 97 200% (*)
Number of GCLKs: 1 outof 8 12%

J
AMNsENoY 5-11 11dA Device Utilization Summary ﬂJ@QNﬁ]iamﬁlsﬁlﬂyjﬂ 10 Sample

1A NIT 10-Tapped Delay Line

Timing Summary:

Speed Grade: -4
Minimum period: 3.398ns (Maximum Frequency: 294.291 MHz)
Minimum input arrival time before clock: 1.825ns
Maximum output required time after clock: 7.241ns

Maximum combinational path delay: No path found

4
MW152n0U 5-12 11erA9 Timing Summary ¥999952995Aa0903a 10 Sample

1A NIT 10-Tapped Delay Line
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nMwsznou 5-13 HEAINANITTUAITIEHUDIINITAIUAY LU Moore Finite State Machine

's New in 1SE Design Stte 10

]
RO (oR e

select_0(1:0)
select_1(1:0)
select_2(1:0)

ENO
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Moore machine #119¥A1DANAIAUNIHIIUVD92995n5091/5UAD ADALINE Noonuu Ty
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ADALINE Adaptive Filter 71 1#91nm 31981 TAAn181 Verilog 1137 tioii1 11/ 14aua5e aunse
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ﬁ;ﬂlﬂuﬁ]@fl}@ Device utilization summary 08¢ Timing Summary autaasludsznoun 5-14

1AL 5-15 MNP

Device utilization summary:

Selected Device : 3s400tq144-4
Number of Slices:

Number of Slice Flip Flops:
Number of 4 input LUTs:
Number of bonded 10Bs:

Number of GCLKs:

7 outof 3584 0%

4 outof 7168 0%
14 outof 7168 0%
11 out of 97 11%

1 out of 8 12%

nMnilsenov 5-14

e Device Utilization Summary U933995A3UAY

11U Moore Finite State Machine
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Timing Summary:

Speed Grade: -4

Minimum period: 2.931ns (Maximum Frequency: 341.180MHz)
Minimum input arrival time before clock: 4.116ns

Maximum output required time after clock: 9.225ns

Maximum combinational path delay: No path found

M5z 5-15 Lang Timing Summary UY93NITAIUAY

11U Moore Finite State Machine
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Device utilization summary:

Selected Device : 3s400tq144-4

Number of Slices: 8 outof 3584 0%
Number of Slice Flip Flops: 12 outof 7168 0%
Number of 4 input LUTs: 16 outof 7168 0%
Number of bonded IOBs: 30  outof 97 30%
Number of GCLKs: 1  outof 8 12%

MN152nB1 5-17 @AY Device Utilization Summary U939ITNATOU

Timing Summary:

Speed Grade: -4
Minimum period: 6.08 Ins (Maximum Frequency: 164.447MHz)
Minimum input arrival time before clock: 4.656ns
Maximum output required time after clock: 7.271ns

Maximum combinational path delay: No path found

Mnisznow 5-18 Laag Timing Summary Y93 NITNATIUY

5.1.7 2993059915167 ADALINE %4ia 10 uiiilaad
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5.1.7.1 2993050491506 ADALINE foanuuunaumslinsnenns
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What's New in ISE Design Suts 101 | 5 Design Summay | [E) ADAPTIVE_FILTERngr |
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utilization summary 148¢ Timing — Summary Adla@adlulsenoUN 5-20 Lag 5-21 AWAIAD

Device utilization summary:

Selected Device : 3s400tq144-4

Number of Slices: 547 outof 3584 15%
Number of Slice Flip Flops: 409 outof 7168 5%
Number of 4 input LUTs: 890 outof 7168 12%
Number of bonded IOBs: 34 outof 97 35%
Number of MULT18X18s: 23 outof 16 143% (*)
Number of GCLKs: 1 outof 8 12%

AMNY52NOV 5-20 LiefAd Device Utilization Summary U043495035991/5072 ADALINE

AoUMI NS NenI T
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Timing Summary:

Speed Grade: -4
Minimum period: 53.381ns (Maximum Frequency: 18.733MHz)
Minimum input arrival time before clock: 32.120ns
Maximum output required time after clock: 7.165ns

Maximum combinational path delay: No path found

M52 5-21 LAAY Timing Summary Y042993035091U5UA7 ADALINE

AouM I s nens Ty
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mnlsenoui 5-22 L‘ﬂUﬂﬁ@ﬂﬂLL‘U‘U’Nﬁ]iﬂi@ﬁﬂ%‘ﬂﬁ? ADALINE 10-

Tapped Delay Line Taonanns14nsne1nsswniu g1 Resource Sharing # 4:1 71 14910013
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WouTRANIH Verilog 1nWAMIAUATIZHND I 2995e3n50 1931191299590 18x18 Nl

{ aw ' <3| Y
molu FPGA N1 uauive ldedraiiosne amnsoagihiiluiade Device utilization summary

1182 Timing — Summary aduaadlullsenoui 5-23 wag 5-24 MUAIAL

Device utilization summary:

Selected Device : 3s400tq144-4

Number of Slices: 668 outof 3584 18%
Number of Slice Flip Flops: 785 outof 7168 10%
Number of 4 input LUTs: 728 outof 7168 10%
Number of bonded IOBs: 35 outof 97 36%
Number of MULT18X18s: 7  outof 16 43%
Number of GCLKSs: 2 outof 8 25%

NMN5ENBY 5-23 11dA9 Device Utilization Summary U94299505091/5UA7 ADALINE

noonuuy Taonanmsldnsnernss wnu 31U Resource Sharing # 4:1

Timing Summary:

Speed Grade: -4
Minimum period: 17.016ns (Maximum Frequency: 58.769MHz)
Minimum input arrival time before clock: 15.974ns
Maximum output required time after clock: 7.165ns

Maximum combinational path delay: No path found
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ADALINE MULT
Flip Flops LUTs
10-Taps 18X18s
Non-Share 23(143%) 440(5%) 4753(66%)
Resource Sharing #2:1 13(81%) 930(12%) 1948(27%)
Resource Sharing #4:1 7(43%) 815(11%) 1862(25%)
Resource Sharing #12:1 3(18%) 858(11%) 1835(25%))
The speed of processing
ADALINE Clock period Clock cycle Throughput
10-Taps (ns) (ns)/sample (106)/sec
Non-Share 53.212 53.212 18.792
Resource Sharing #2:1 15.929 175.219 5.707
Resource Sharing #4:1 17.428 243.992 4.098
Resource Sharing #12:1 20.814 603.606 1.656
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Nlsunsunldlumsnaasiuy MATLAB
Y-1 iﬂﬁl!ﬂiu M-file ﬁ]ﬁ%ﬂﬂ]ﬁﬂ@ﬂ!lﬂﬂ?ﬂﬂi ADALINE

%%%%%%% %% %% %% %% %% %% % %% %% % % %%

%10-Tap=0.0156

%16-Tap=0.0097

%32-Tap=0.0048

%%%%6%%% %% %% %% %% %% %% % % %% Y0

clear all

load (...);

dataln=(...);

EMG=(...);

tap=10;

alpha=0.0156;
%%%%%%%%%%% %% %% % %% %% %% %% % % %%

nu=1;

Delay=10;
[M,N]=size(dataln);
datalength=M;
w=0.0*ones(tap,1);
b=0.0;
start=tap+Delay;
conRate=zeros(M,N);
wAll=zeros(tap,1);
emg=zeros(M,N);
datalnl=zeros(datal.ength+tap+Delay,N);

datalnl1(tap+Delay+1:end,:)=dataln(:,:);
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tic;
for k=1:N
for n=start+1:datal_ength+tap+Delay

snO=dataln1(:.k);
p=sn0(n-Delay:-1:n-Delay-tap+1,1);
a=p'*w+b;
e=sn0(n,1)-a;
w=nu*w-+alpha*e*p;
b=nu*b+alpha*e;
wT(:,n-start)=w;
bT(n-start,1)=b;
eT(n-start,1)=¢;
aT(n-start,1)=a;

end
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Mult1

mMwilsznoy -3 VTNV Fix-point

£ Mult (linx Multiplier) —_
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) Mult1 Qalinx Multiphier) _— R

you must select Pipeline for maximum performance’,

Hardware notes: To use the internal pipeline stage of the dedicated multiplier

Hardware notes: To use the internal pipeline stage of the dedicated multiplier

you must select Pipeline for maximum performance’,

Basic | Advanced | Implementation |

Precision:
0 Ful @ User defined
|Jser Defined Precision

QOutput type:
@ Signed (s comp) @) Unsigned

Mumber of bits | 16
Binary point |15

Quantization:

© Truncate @ Round (unbiased: +/-Inf)
Overflow:

@ wrap © Saturate () Flag as error

Optional Port

[T Provide enable part

Latency (0

Basic | Advanced | Implementation |

Precision:
© Ful {8} User defined
User Defined Predision
Output type:
@ Sigred (2s comp) () Unsigned
Mumber of bits | 32
Binary point |31

Quantization:

© Truncate @ Round (unbiased: +/(- Inf)
Overflow:

@ wrap © Saturate () Flag as error

Optional Port

[7] Provide enable port

Latency (0

) e e

s |

4

e (o) () oo

),

9
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Basic | OufputType

Advanced | Implementation |

—y - |

{) Addsubl (ilinx Adder/Subtractor) == O X

Basic | OutputType | Advanced | Implementation |

Precision:
CHUl @ User defined

User Diefined Precision

Qutput type:
@ Signed (Zscomp) () Unsigned

Number of bits | 16

Binary point |15
Quantization:

(O Truncate @) Round {unbizsed: +/- Inf)
Cverflow:

@ Wrap () Saturate () Flag as erar

Precision:
CEFul @ User defined

User Defined Precision

Quiput type:
@ Signed (Zscomp) () Unsigned

Number of bits | 32

Binary point |31

Quantization:

(©) Truncate @ Round (unbiased: +/- Inf)
Overfiow:

@ Wrap () Saturate () Flag as errar
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Overflow:
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Precision:
CHFul @ User defined

User Defined Precision

Qutput type:
@ Sogned (Zscomp) () Unsigned

Number of bits | 32
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Quantization:
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Overflow;
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Tlsunsuvaznatuaaani Correlation coefficient 1a=A1 Normalized Mean

Square Error (NMSE) N 1a21nm3snaae3

-1 M-file §115UMIAIUINIAT Correlation coefficient #tazA1 Normalized Mean Square

Error, NMSE ¥83339361199 Mlflumsnaaes

%%%%%%%%%%%%%%%%%%%% %% %% %% %
toc;

EMG-=....;%Signal Estimation

emg=....;%Signal output/error signal
mseAvg=10*log10(mean(conRate,2));
corA=zeros(N,1);

mseA=zeros(N,1);

for k=1:N
aux=corrcoef(emg(501:end,k),EMG(501:end,k));
corA(k,1)=aux(1,2);
mseA(k,1)=(((emg(501:end,k)-EMG(501:end,k)))*(emg(501:end k)-
EMG(501:end,k)))/sum(EMG(501:end,k)."2);

end

figure;

subplot(121); plot([corA],".);
title([num2str(mean(corA)) ', ' num2str(std(corA))]);
subplot(122); plot([mseAl,.");

title([num2str(mean(mseA)) ', ' num?2str(std(mseA))]);
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Abstract

This paper presents performance analysis of a 50 Hz noise

cancellation system in  surface electromyography. The
comparison of an IR Notching filter, an ADALINE filter with

ocut reference signal from the outside based con least mean

square (LMS) algorithm, and normalized least mean sgquare
(NLMS) algorithm was performed. The desigh and the
simulation were performed by using DSP tool and Xilinx
Accel DSP Toolbox on MATLAB. The filter efficiency was
measured by the correlation coefficient and the Normalized
Mean Square Error (NMSE). From the analysis results,
ADALINE filter is the most suitable circuit for 50 Hz noise
cancellation because it has the high filter efficient as NLMS,
and its circuit size is about 30 % smaller than the NLMS
based filter.

Keywords: Adaptive Filter, IR Notching Filter, ADALINE,
LMS. NLMS
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Abstract

This paper presents performance analysis of a 50 Hz noise
cancellation system in surface electromyography. The
comparison of an IR Notching filter, an ADALINE filter with

out reference signal from the outside based on least mean

square (LMS) algorithm, and normalized least mean square
(NLMS) algorithm was performed. The design and the
simulation were performed by using DSP tool and Xilinx
Accel DSP Toolbox on MATLAB. The filter efficiency was
measured by the correlation coefficient and the Normalized
Mean Square Error (NMSE). From the analysis results,
ADALINE filter is the most suitable circuit for 50 Hz noise
cancellation because it has the high filter efficient as NLMS,
and its circuit size is about 30 % smaller than the NLMS
based filter.

Keywords: Adaptive Filter, IR Notching Filter, ADALINE,
LMS, NLMS
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