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## 4370662321 : MAJOR ELECTRICAL ENGINEERING

KEY WORD: FPGA / VHDL / SIGN-SIGN LMS / STEP SIZE
SOMBOON KLINCHANKLAN : EVALUATION OF THE FPGA IMPLEMENTATION
OF THE SIGN-SIGN LEAST-MEAN-SQUARE ALGORITHM EMPLOYING THE
SQUARED ERROR STEP-SIZE ADAPTATION. THESIS ADVISOR : ASSIST. PROF.

DR.CHEDSADA CHINRUNGRUENG, Ph.D. 95 pp. ISBN 974-17-9759-1.

An hearing aid is an equipment used for amplifying the audio signal in order to enhance the
hearing efficiency of people with hearing impairment. One major problem that hearing aid users
usually encounter is screeching sound, which results from acoustic feedback in hearing aid. One
effective and widely used solution for solving this problem is to employ an adaptive filter to produce
signal for canceling out the acoustic feedback signal. Usually, the traditional Least-Mean-Square
(LMS) algorithm is employed to adapt the coefficients of the adaptive filter.

As the computation complexity of the traditional LMS algorithm is rather high, this thesis
investigates the use of the sign-sign LMS algorithm to substitute the traditional LMS algorithm. In
order to increase the adaptation capability of the sign-sign LMS algorithm, its step-size is adjusted
using the squared error step-size adjustment. This modification results in the adaptive filter which is
computational-wise simple, yet comparatively efficient for solving the acoustic feedback cancellation
in hearing aids. To investigate its practicality, the sign-sign LMS algorithm with the squared error

step-size adjustment is then implemented on FPGA chip and its hardware complexity is then

evaluated.
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Form 118¢ Transposed Direct Form 118191 #903e3199399092995n509N0z i naue luine
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a AN Y o w [ [ 9 dy A a 3 3 Aq Y
HnusilvedinneIfunsneIns luaununuusl FPGA saumannusanlgluns
{ v o { o a o A Y 1Y
Uszmananenudyanaudosnzimsinszinenuilymnsaanmstloundumados
A ] o 1 Y] c?/} 9 a a a o’dy 9
Tunsoereileliguan aniumsas 1993929930509 luaneinusiaz l9995nsoauu
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i x(n) X(h-1) X(n=M+2) x(n—M +1) i
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| w, (1) w, (1) W ) W)
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e(n)
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[

Amuald X(n) Ao daya@und (Tap Input Vector) Ataan N
w(n) Ao A1au52aNTY092995n309 (Tap Weight Vector) N13a1 N
d(n) Ao HadNTNADINS (Desired Response) ina1n

e(n) fe AAIUAANEIA (Error) D@1 N

Tai
() =(x(n),...x(n=M +1))' (2-1)
w(n) = (W, (), ... Wy, ()" (22)
y(n) = W' (Nx(n) (2-3)
e(n) =d(n) - y(n) (2-4)

Tagh M flo ouaueII9nTedlsuauas () Ae @rddaundeu (Transpose)

s A a < ~ Y3 =R o Y A A
YOIINIADTHIDVDINATNG DINFUMTN (2-1) e i udedyanauudinnal N qumsn
Yy 3 K o a v o A ~ v Ja

(2-2) uaad AU Yl s anFUeI99InIealsUAINnaT N aumsn (2-3) UEAINAANTN
o { { <3 o ]

1891 sfuInUe919930T09 N1 N uazaumsn 2-4) uaaalimiudamsfmuiauean

a { { o 9 (5 - a .

anudanaainar - n Az s lunszuaumsdsuaauilse@ns (Adaptive Control

Algorithm) Y0429935n350915 U600 11/

%3

22 TupeuiItMasaeundutiouge (Least Mean Square Algorithm: LMS)

9
[

Aad o W Ay 3 091} aAd A A Y v [ 1 o
TuaouIsMaeresmasiesgatlutuneudsnionlsnuedaunsvatglunslsy
LY a Q‘{ 4 4 . d! 1 1 =2 v
AN 2ANFY092993NT0MVUNTMANIOT (Transversal Filter) Feao laznadanannis

9 v ' v
lumssiunmvestuneuiimatasunaodosga TasazisunnIsanaIAUAANIARE

v 9 v
ADUNAY HANNITVDI Steepest Descent 1Az IUADUITA G TDUN AT DITAA WA AL
2.2.1 MANUAANaIANaIaenas (Mean-Squared Error: MSE)

a d‘ 1 a 9 d' d‘ ) d‘
Wiﬂ‘iﬂﬂqﬁ,ﬂ‘ﬂ 2.3 ﬁﬁJTﬁﬂ‘VHﬂWﬂ’NNWﬂWﬁWﬂ"lﬂﬂWﬂ’dllﬂﬁﬂ (2-4) HAZINBDUITUNITN

2-3) unua luaumsn 2-4) az'la



1"

e(n) =d(n) — W' (N)x(n) (2-5)

@ = o A v 1 o
dgapavudn X(n) vaznaawindesms d(n) egluan1iz Stationary sawiu

nsammanuAanaianas@eunds J(N) Anar N lagmsmiamaidodnasuedn

anuiiawanaluaumsi 2-5) 1214
J(n) =c; —2®" (N)p+W' (n)RW(n) (2-6)

A 2 ' ¢ v oA
Iﬂﬂ‘ﬂ Oy ﬁﬂ ﬂWﬂ'JﬁJLL‘]J'ﬁ“IJi’Ju (Varlance) ﬂl@ﬁWﬁﬁW‘ﬁﬁﬁ@ﬁﬂﬁ

[

= J o J ' o
p A9 1INIADS ANTURUTY 1 (Cross-Correlation Vector) FEUINAYYIUU

=y

Lﬁfhuazwaﬁmmmmi

a 4 6l e o o
R Ao wainganduius (Correlation Matrix) Y04 ﬂulmuwmmwfh

4
a A

Taslnauduiiorhnmsdsumdualszansvesnansnseatlsudi lilises o manuia

v v v 4
waeasgounas J(N) vzaadiasaunsgnimdulszansuesicrinsesliuaudngaion
YAty (Optimum) 14 ldmanunanaiaiidedoundoiooga (Minimum Mean-Squared

Error: MMSE) $4a1duszansus32393nisanannzoolasium 1dan
= il
W, =RP (2-7)

d‘ ) U % a Q( d' a W U d‘ Y
Weihmdulszantvesasnsesnannzesdaiuunua lugumsa (2-6) ﬁ)gulﬂ?ﬂ

ANUAINAIAR I de N A DogARITUNTS

pQ 1
‘Jmin =0y —P Wopt (2-8)

v A

A [~} T o a = o o A a
NAUNITN  (2-7) WHNMFulszanivednrsnsosdiuaanannzesdaiul
1 a 4 Y] "9y = Y a ¢ v U = 1 o Y [
muﬂﬁzﬂammmmﬂwmuagmej "]5\‘101&1“5]5ﬂ“lfﬂ\iﬂﬁTJiJ‘UMWﬂGlﬁﬂJufﬂgﬂﬂﬂEﬂﬂﬁT]J']f‘lﬁl‘L!
o A A A 1% 1 =2 Y o @ 9 1
NIINTUIN Lwawamamﬂtymmﬂan ﬁ]\iulﬂl.!"lﬂﬁﬂﬂ"li‘lli’)ﬂ Steepest Descent Wmnaelums

o d! v 9 1 1 =4 [Y]
ATUIU "]N(luﬁﬂsllﬂﬁﬂllﬂﬁlgﬂﬁT’JﬂQWﬁﬂﬂﬁﬂlﬂ\i Steepest Descent
2.2.2 HANMISUDY Steepest Descent (Method of Steepest Descent)

o o Iq ¥ A '
HannNITUD Steepest Descent ‘Ll'lilTlJ53Qﬂ@]1‘]ﬂﬁ@ﬂ31ﬂﬁ$ﬂ3ﬂ1uﬂ1iﬂ1ﬂ1

o a A v s A a A U o U a d¢ @
dulszansued99InIes aJmqﬂizmmwaﬁamamﬂnumﬂumimmmmmmﬂwmﬂu
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1w a 4 9 o o a dJdo
ﬂ'lﬁﬁ'lﬂ'lﬁuﬂigﬁﬂﬁﬂlﬂﬁﬁﬂﬂiﬂi'@\i Gd]f\‘]i]%ﬁi'l\?ﬂ’)'lllfJ'lﬂﬁ'l“lJ'lﬂGlUﬂ'liﬂ']u’Jmﬂ’lﬂlll@]ﬁﬂ“]ﬂf’N

J ] [ 1 | 3 @ J
nanivuialng ¥énn13U04 Steepest Descent asauie1diu 4 Tuaoudail

4
=

1. uaausuduvesmduilszansnldluresnseosdsudn Tasdndae Iiianilu

4
fIUg (Null Vector)

YA 9

1w a A @ o = J J .
2. ldmdulsz@nsisudu (vieilagiiv) Aurunsfeudinnaes (Gradient Vector)

Vi(n) = L = =2p + 2Rw(n) (2-9)

ow(n)

3. fnnamnmdulszansuedlininsednna n+1
p [ 1
i(n +1) = W(n) +5 1-Vin)] (2-10)

Tref 4 Ao A13I9910 (Step Size)

Y Y
v

4. ndulnduaoui 2 1a1iE

%4

2.2.3 TURBUIBMAITOUNAYIDLGA (Least Mean Square Algorithm)

o A = A2 ] A =
NUANNITUDY Steepest Descent LW’OGlﬁilﬂ'J']?Jﬁgﬂﬁﬂﬂ\lTﬂﬂﬂﬂluﬁluﬂ'ﬁﬁl“ﬁ\i?u%ﬁ\ﬁ)ﬂ

@

[ < ng Ao W A 9 £ o 4
AUINANNITUDN Steepest Descent MWLﬂuﬂlu@]ﬂu’JﬁﬂWﬁﬂﬁ’ﬂ\‘]maEJ‘LJ?JEJ’Q(@ GIN‘lHiJT}JS$‘EJﬂ¢]

9
14
1 -4 1 a o @ (] [ Jd Aa
Taedu as Tidoaruuasndrniuvod R taz lideamianns@euaass (True Gradient) 90

9 o Jd9Y

1 a o v o J (%% 4 @
G?]I'JEJ Tﬂ81%ﬂ13ﬂi$u1mﬂumiﬂ«mwauwuﬁmmﬁmﬂymmvfﬁ R uaznnaesanaunusuiu

J @ 9 o Ay Nty J ~ :JI
TEVMINAUV VUV UV ULASHAANTNADINTT P aremUszinanna 1y 9

Tnei R(n) = X(n)X"(n) (-11)
p(n) = x(n)d(n) (2-12)
L‘ﬁ’l’)ﬁ'lﬁﬂﬂﬁﬁ (2-11) g (2-12) LLﬂuﬁWﬁlUﬂMﬂTﬁﬁ (2-9) fﬂzulﬁl

VI(n) = —2x(n)d(n) + 2X(n)X" (n)W(n) (2-13)
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ﬁwtmmi'ﬁ (2-13) Lmuﬁﬂuﬁumiﬁ (2-10) 2wl
W(n+1) = W(n) + £X(N)[d(n) —x" (N)W(n)] (2-14)
Feernnsaieu§lug
e(n) =d(n) — W' (n)X(n) (2-15)

W(n+1) = w(n) + zzX(n)e(n) (2-16)

3 Ao W = L)) v ~ ~
"Ul.lﬁ’é]l!i]‘ﬁﬂ?ﬁﬂ’(ff@\imﬁEJ’L!E)Elﬁ:(ﬂilgﬂglslugﬂlmﬂsll@ﬁﬁuﬂﬁﬂ (2-15) uazauNITN (2-

o U d!

[ 1 9 ~ < 1 a & A o = Y o [ [
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23 TumeudIsmasaeundeiiosgaiszian Sign-Sign (Sign-Sign LMS)
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Sasto'hld
e(n) =d(n) — &' (N)X(n) (2-17)

W(n+1) = w(n) + « [sgni(n)) sgn@e(n))] (2-18)
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Taeh

1x>0
sgn(x) = 1x<0 (2-19)

Y 9 dy Y 1 09/' Ao W
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Y Y
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axd o o d' 9 s 4 =S 9 1 0911 Aad o o d 9
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uazennsoii Tl 1gauasala  salusidede lilagnandwmdnmslsuseinuuunainis

1 =2 an A o 9 1Y Y =
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24 3EmsUSuriadnuuYnaIn (Dynamic Adaptation of Step Size)
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Delta-Bar-Delta
2.4.1 Ism3dSuremuuy Squared Error (Kwong and Johnston [12])

Kwong 1182 Johnston 1@UBAMNAAIIAITUTUVMIATIAIAINAIANURANIARET
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o w A Ay L] a Y 2 [ 1o a A

Masaeunasiadesuaasnmaulszanivedrsnsedlnameanumdulszaninaniey
Aav & Yo Yy <3 A 9 v 1w a8 =

po1aunnITlmrsiNvnaEn e lnmssuaidulscanivesnsinseslinnugn
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ADINUTINUVU mﬂﬂﬂﬂﬂ’lﬁﬂﬂﬂa’nﬂzﬂllﬂﬂﬁﬂﬂ'lﬁﬂ\ﬁ!

K (n+1) = p(n)+ye*(n) (2-20)
Hinaxs N+ >
uN+1) =< g0, 1 (N+1) < i, (2-21)

u'(n+1), Others

e e(n) As awnuAanaIavesNITnsesiinal n, O<a<l, y>0 uaz

{ 1 % 1 { g . ' {

0< Ly < Mo 100N i, Mo 719 AIAIGANUYIAFRNNIN@N ATALBZYUIATIN1ITN

TngRgaawdny seaasnani e livinevesrieneglusisiannsodwalding
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dsumduilszansveneiniodla taziBmeilestu bildvunavessedniivuialvgjau

4
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2.4.2 35mM5150%219010V Normalized Step-Size (Honig and Messerschmitt [13])

Honig 1182 Messerschmitt {@1035mM31U5UU1199539017 Taemsmsvnagianigie
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Y o 9

Aasvesdyanavidn Fandnmsaananigduunaunmsasil

p(n) = (2-22)

a
o2 (n)+b
4 1 { { 1 v A d 1 J
o (n) A via¥ad1INne1 n Tagh a uay b A masdInumuin (AR
o Ay y A v 19 ¥ ] Y = A Ao o o Y A
a1 b i Amedlesdulilivunavessrsdndivuie lnainuhl ileiaswesdaanavudadian
9 2 A ! o W o Y A £ a 91
UDLNIN ) Hag o (n) o ﬂWﬂi%NWﬂ!"UﬂiﬂWQQﬂJGQﬁiUUiUUWﬂ‘!"UTL"IJW]L’mW N a9ilonlym

UseinamMuuAANTUNS

o’ (n) =ac? (-1 +(1L—a)x*(n) (2-23)
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2.43 35m31U50%29M MV Cross Correlation (Karni and Zeng [14])

1 v o J 1 1 a Y]
Karni 1% Zeng 1¥manduwus 1v3 (Cross Correlation) 32HINAIANNAANIANY
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u(n+1) =u. . (1-exptaC)) (2-25)
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2.4.4 35m31U509219M VY Delta-Bar-Delta (Jacobs [15])
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