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ABSTRACT

This thesis proposes the Improvement of the optimization of FIR filter coefficients in
recording head testing process by using LMS algorithm to find the optimal FIR filter coefficients
and study the effect of four important parameters that is SNR, step size, initial coefficients and
ND. Moreover, we compare the optimization by using LMS technique with the conventional. The
proposes from this improvement are faster more than 10-50% depend on each of parameter,
especially when the initial FIR filter coefficients close to the optimal coefficients. Therefore, this
technique can be reduced the testing time in recording head testing process. The performances in
term of bit error rate of production are better. Furthermore, we add the noise predictive process

into PRML channel to improve the performance of the system.
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landing zone

track
track width

l—‘: (NN NN NNEEN NN N]

A

linea.r\gensity

areal density = linear density * track density
(bit/in.?) (bit/in.) (track/in.)

110 2.5 uamslassasumsdafudeyalumsanad las
o v S’ 04 d a ¢
2.4 LUUNARIVRITTVIMITAIN VYRl Ug SRR laTH

Write current

bl waveform
npu :
Data | Error-Correction Channel - D
Encoder ¥ Encoder Write/read head
Decoded Readl-back
User sigha
Data | Error-Correction Channel Read
Decoder Decoder Channel

= o v g ¢ a o
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9 " ]
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=
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U
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y = t:lyd o o 4

current waveform) uagaaunszue Wihweuiinwzgniloullisoiadey Wedvudeyanslu
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dmiumsouioya Mouwziimisudoyanndotinin Fadyanaionldiu

9
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' o ' £ ' °
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iﬂ‘ﬂ 2.7 LLNuﬂ’]WﬂﬁzﬂJQUﬂWSLTUumﬂﬂga

“



12

kS o’ ¥ a
2.5.1 1asnsdaun luderianma
1 v
ar a < a d a o 1
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Poranatanuuraetaaany lasdelilszansnmw
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uazdudaedawaziinanrTomnuinOudatuwaaue  daiuirldi R<1
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2.5.2 393N HANOGIATY
ar [ a a 1 =]
madnsviauegadt  (modulation encode) luszuumsiuiindeyaFumiivan
e % o { ] ar e as 9 Y
(magnetic recording system) zdhmihnlunssredSuguantifvesdyapalimmeaudy
[} Y ]
Foadgga  eaanuRaouesdyRnn  uazaslumIsiuaszezvisvesidanaou
A914E (transition bit) Nazeuas lluFeriuiin easnansznuvDIMIsUININTDATEHING
o o ¢ . . A Y P = A o A& ad
deyanyal (ISL: inter symbol interference) (1099 INYoYaNIWEUA TuFTTUNNNTIUg YLD
P o = = [ T =] A o 1 Aa
84 NRZI lpgi  dwnusndmsn/feuaaiuzvesanuiuuiman  wiodwmieiiimsg
= a g9 vy a ) oA e = 7 a2
wWasuuwlasvesiindoya wwgnunudieda «17 uazdwmien luiimsulfeuulasvesdeyan
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[

wunudwda 0" dulu Jedesdimudhsiauegaiuiiedlosiunsifadadoyamuizes
s w = n:ﬁ o 9 w v w ]
aamuannawauly Fagildgademadismazlumsdndediedoya
LY v Aa Yo @ Jd a ar = &
sreruegatundenldiunaly luesadadlasifio s19a RLL (run-length limited) 4
wihmihilumssmuaanuervesianfovaniug da <07 uazda “1” @wguun vea
d’.d = Qs o o 9 c;ﬂl =\ éli w2 ulJ LY
NRzI) fFvsaanuludnudoyaidesmsziouadlIudoiunn Taonallsia RLL e
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haaiegsendnnda 1 uog & Ae madinudy dshvuasiaueesia 0 Minnfigaiie

Q

FEH919 1

2.5.3 299515 HaNOU

Y A

Y o 1 o kg o 9 A  w 4 A
wandhsHaneu (precoder) azimihilunmsidhsdatoyadnanyaznils et
flosriululddudeyanidevas T ludetufiniiuundoya (data pattern) flidesns uag

[] A = 3 d { a 2 ] o ]
PIWUTLUENYATA  (Buclidean - distance) -~ vosdoyangnidrsia  Favzaoi I

q

Yy a =3

foranmadnvesszudiosasld uazdwsaaniszmainmueadnae lameiinsmaiy
Sadae  dmSvanssianouiitonldlumianadlasiosiflaidudioloy  (ransfer
function) 134 P(D) =1/(1® D) w50 P(D)=1/(1@® D?) dhudu deniemms @ Ao
AUHUMS XOR (exclusive OR) d1M5U0AIBEANTROALLY 290515 Hanou iz oy

Auresdgaa aunsoAnu Ay 1dn [13]

2.5.4 MIFABANDUMN VLU
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eudumusvesmsnlasuanuzuuy luidluFady (NLTS: nonlinear transition shift) lae
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2.5.5 192310 IAIND3
d o ~ = 1 4
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e A o = ° % = a " =) o oo
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Channel bit; o 1. 0 0o 1 1 0

NRZ: 10/ 1,0(0|1T]1]0
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PRML and NPML

v , &
luuniizna1ndia1995@52911 PRML (partial response maximum likelihood) @411l
a o 1 ar 1 o 1 :
L'ﬂﬂuﬂﬂ]'ﬂﬁﬂ’]ﬁfn\ﬂu‘J"Jllﬂu'igﬁ'.]'lﬂ%ﬂ’l'ﬂﬁmf’ﬂ'iLLUUNﬁﬂBUﬂuﬂﬂUNﬂ"ﬂ‘l—! (Part1al-resp0nse
. ° A (o ' @ ' =]
(PR) equalizer) aximihfidivglivesdyginliegluzlveswanouausimsing (target
’ a da . o u ¢/ Ayy _a
response) MWATMNITATIIHIUNOIU (viterbi detector) [20] %xuwa;&ammww%%mamﬂ
¥
o o o w | . . . o
Llﬂl“b"ﬂ'ilﬂ‘i’l'lﬂ'liﬁ‘i?‘i]‘l’f’]ﬁ']ﬂiﬂlﬂ‘ﬂﬂ’.]i"3311]1‘!3J']ﬂf£ﬂ (ML: maximum likelihood) 1MNHUIL
' = A o as 4
pantamsivnszuaumsinedygausumud lluresasaam . PRML  ield
¥
= = é 1 .
ﬂﬁsﬁmmwmmﬁwuqﬁu F92I56N71 1995ATI9H1 NPML (noise-predictive maximum

likelihood ) [21]

d
3.1 HAABUAUDINIING (Target response)

d o " Y {
HANDUEAUDINITING (Target response) A9 WANOLALBINIOFUI1VBITYRIAUTI

]
=

v ey A Tl ) s A A ly
ADINT Tﬂﬂﬂ:ﬂﬂﬂgﬂumimﬂﬂumﬂ“ﬁ ('ﬂ']'ﬁﬂﬂ A8 NITNTOUBITUN

o

=t =] Y
Puaunnldon)
9

o at

1 = ar o ar a = e‘qn’a‘ "
Aeunvzihidygialdvidwudoyadunadiersnsasrnuimes iy sdolfuzisieves
o T J g ' i i a
dyanaliedlugdussaneuauosmifadonien ievannNuFudouUII9TATINM
= da 4 3 Ao 4 | "o ad | 1 W, o
WneTY HeInNMNels IuLNTsen T MMM Tesdun tasdirioaananszny
Y94 ISI Dnde
o A A o o o 2R "
minauuy PR Milufsensuiulussuunistunnuuusuauey ey lugilusany

U1 (polynomial)
H(D)={r=Pxr+D)" (3.1)

~ o =] @ o A ]
Tavh 7 Ao awauuln uay D fe Adudumsniism (delay operator) 31NAUNT
T a a o o t:iJ =t @ 1 o
(3.1) WWUIN WARBUAUBABIANWDVBIMTINAtazlmaasumeud (spectrum null) ™
A o = a o 4 P
mmnmg[umm&mmﬂ“lummf (nyquist frequency) Lﬁﬁ)di]’]ﬂﬁ?\l%ﬁmﬂu (1-D) ung
o o d' o @ R es.: =
(1+D) awaday luvueh dygin read-back ¥oTUUMTTUANMULUWIAY 9]
J [ 3 o 1o o o @ o
pensznovves ihnszuaase dafu wal (1- D) Yelddududwiuszuumsiudiauuu
g 3 o o A oA 1Y) ] g 1
WIAY mszRsy minauuy PR Allunisensylussuumsiiunnuuuuuins szeglugl

VAW U



H(D)=(1+D)"

26

(3.2)

= L] g A o W W o R
TN 3.1 UERINITINALLUY PR “Lﬂuﬂﬂ@uiﬂﬂuﬂqqﬂ cluﬁgﬂﬁﬂ'lﬁﬂu‘ﬂﬂlﬂﬂ]

v, 1 a ] o o ' y
HAUDULAS LU UL IN ngaﬂ'ﬁ 3.1 Llﬁﬂﬂwﬁﬂﬂﬂﬁuaﬂsﬁ\iﬂ'J']iJE‘UﬂQ"ﬂTiLﬂﬂLLUUW’N"] Lﬁﬂ

WSsumsuiuraneuateuFINNUDVeTRIdRIMN ND =2 uaz 2.5 1ingUfl 3.1 o

oA ' @ A oA -3 ¢ d ag yd o [~ d? 1
WuUleA ND vosyesdgyanalanuay mimnanlsnaisidiuaumilnniu @ nun

& A 4 o qya & ad Y o a A
UYU) WeNveM M INane UauoUFIN NN NADAAADINUNANOUAUDITIANUAVDS

1 o 9 = 1 o 3 gy Ao =] a o
sosdgygnuliniga ed1elsnan miAedldliniseeliuuidunnfuanusudy

T o = o a g
LWﬁ'lzi]zﬂ\‘lF\lﬁ“Vl"lcl%’Ni]'WIi’)‘il‘r‘i'l’Jmﬂ‘i‘Uﬁﬂ’J'IﬂJ"]f"lJ"]a)'}@uiJ’lﬂ;ﬁu

1 - 4
. -
* S
-
’ o
] . " B
& o) \\.
¥
g ! .
EOE i "\\ 7
© *.
: B
£ >
= aaf ‘\‘ o4
z
—— Channe! rasponse (ND = 2) ~ .
== Charnnel response (ND = 2.5) i
azf —e— PR4 {1 0~1] (n=1) - 30 1
s EPR4ATI1 ~1 —1)In=2) )
EEFR4 [120-2 11 in=0)
i = 51 :Jm o T e 3 iy Te 25
Normalized fraguency (fT)
e
(M) MIVUNNLUVLUIUDU
=~ Crannel response (ND = 2j
14 == Channei response (ND =2.8) H
~e FRZ[121] (n=2)
P ~a= EFRZ (13 31] (n=7)
Wy . - EEFRZ[1 4841 (n=4)
oF . ; “
(4] Y
-
%
o
4
£ .. :
-3
azf
%
™ - -
% o085 cll :;s caz a .25 >3I3 a ‘35 he 0.25 a5

71

Normalized frequancy (fT)

(M) LUVLUIUDU

a i = '
3.1 Waﬂﬂﬂﬁuﬂ\ﬂl‘]ﬁﬂ'ﬂ'lliﬁ‘il@ﬂ‘ﬂ']'g,Lﬂﬂll‘]JTJﬂ"N“]



27

P w ' PR A A o w cl ¢ a n,l 1;]
#1319 3.1 AIDYINININALDD PR ‘VIL‘]JHWUE}NS‘]JT']H HINTAATN AT

M3fauuy PR n=1 n=2 n=73
sEUUMIIUARLDY | PR4[10-1] EPR4 [1 1 -1 -1] EEPR4[120-2-1]
HHINOU |~F i 00— D° 1+2D-2pD*-D*
sEuuMITuAnIUY | PR1[L 1] PR2[12 1] EPR2[133 1]

F4
OFell 14D 142D+ D? 1+3D+3D? + D

3.2 3990193911 PRML

29930591 PRML [22] iluaaeshldlumsdsemanadaanaasadad lasdlu

LY ciy 2 o a s/ ] a 1) | B o = da
fﬂi}quuu WQLﬂUL'ﬂﬂUﬂﬂ']'icl‘h’\ﬂll'i’.]ﬂﬂlﬁ%ﬂ’ﬂ&@ﬂ’)@ﬁMfESLL'UlI PR UAZINVITATIVHIUNDITU

s { a o 1 l-'}, a/ at lﬁ' bl g o
dalugin 3.2 wallnveamshamswiizawsadansiuilaym 1St Adeduduuou

A g a da A 3 1 o [~] g A
un !uﬂ\“lﬁ]']ﬂﬂ')']llig‘il'ﬁ]ﬂﬁ']'ﬁﬂﬂﬁﬂﬂﬁﬂﬂkﬂﬂfiﬁﬂﬂ Iﬂﬂﬂxllﬂﬂﬂ”ﬁ'ﬂTﬂuLﬂu 2 VUADU D

=1 o o o ] ar 9 o < 3 2 o
ﬂﬂ?ﬂllﬂlcﬁﬂi‘il%WWﬂTﬁ‘]J‘i‘IJE‘lJ‘i'N‘U?.Nﬁiyﬂg'lﬂﬂﬂlﬂullﬂﬂ'mwﬂﬁﬂﬂﬁu‘EN“I"I']ﬁI,ﬂG] INUU WU

¥ Ay = d o w
Yoyahn lAnndale lamwosd llasamiday

Yoyangnaan

_% ! channel | agil;»g equalizer . detector | %
| |
i noise i
E: Target response -'
-d‘ ar ﬁy =)
gﬂ'ﬂ 3.2 UanMmInuIIUvaImMAUA PRML
ND)
AD)| o) PO)| vy | X)) detector |AD),

I |

i |

- Target response :

H(D)

—n
1

717 3.3 nuuHaesresdygiai ludoiioamana




28

= d
3.2.19n70 larwos
NsUDIaesresdyan lAoiiean1aial (discrete-time channel model) A1

51/fi 3.3 Taedoyarien szaglulamwu D ningilezldn dyapunesmaivldsy P(D)
Ed
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annsn@oulieglugivesaumsndiamand 1aaed
P(D) = A(D)C(D) + N(D) (3.3)

ilo P(D) Aedaanainsuld, A(D) Aodeyandun, C(D) Avvesdyann uay N(D) dlu

o a v ‘ . . @
ﬁﬂluiy’lmﬁ‘ljﬂ’mlﬂ‘lﬁa’“lJﬂLL‘U‘UU’Jﬂ (AWGN: additive white Gaussian noise) Taeya el

Qs s

1 o =5 [ 1 a do .
Fosdaanazlanyaziiuiinsediinaneuaueiduwadiing  (FIR: finite impulse
9

L
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) =1 4 ! a Y] o
response) Uaziiuundundszneldine 1SI u1n deiudmsaidnie lawes F(D)n

' s ' a =
Frwaanansynuvad IST Tifesas TavasdSugisiwesdyaalddulimunaneuaues
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=] A o 9 = o a
NITINA IWDAAANITUFUNDUUDIWITATIVN1AUNDITD
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3.2.1.19770 lacs a3 UHAN DU AR AN

o o { ¢
9070 LSV UNANBUAUBURAY (full-response equalizer) [23] M10A9DAI0 lalwos
{ 0 9 o 1 Yt 1w = v w
ngiidoyamanan ldiaunudeyadunn  A(D) vindudya wsuniu (D)
¥

@ = 1 = o o = a o d
aodu angln 33 ezldn BaoelawesuuuwaneunuuNIrinanouaueIdNNad

(impulse response) TuTawu D fe

F(D)= "5(17)") (3.4)

uazdoyaann Y(D) vowaielawed Ao
Y(D) = P(D)F(D) (3.5)

unuA P(D) nnaumsh 3.3) uag F(D) nnauns G.4) asluaums (3.5) a21d

¥(D) = {4(D)C(D) + N(Dﬂﬁ
_AD)+ N(D) (3.6)
C(D)

\'—V_/
(D)
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v & o o o 4 o
fuiu daanasuniuiedn lldwsasemde W (D) = N(D)/C(D) Fsdyimsuniy
= a [ @ @ 1 o | P
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o 1
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' 4 P H ¥ [ ¥
Tae H(D) D WaROLaUBINITING (target response) NADINT Lazaunual F(D) Has

Tuauns 3.5) azld

¥(D) = {A(D)C(D) + N(D)}%

- H(D) (3.8)
= A(D)H(D)+ N(D) pi
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v 4 v o A, ¢ a . . ; Y 9 o 9 | Y w
a5 19UUAIE8an03NIANDIT (Viterbi algorithm) [4] ieldlunisneasviadeyangndisva
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4| 1 0
1 ¢ 0
1 1 2
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1/0
X/Y is denoted as:
-1/-2 12 X = the input bit g,
Y = the output bit 7,
-1/0

317 3.5 wissamuz S navesvosdya I PRI, H(D)=1+D
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oA @ & o W w ~ i kY 8 M
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11/—2;- ] —> a=1

317 3.6 uwumwmsadavesresdayIn PR1, H(D)=1+D

o as A da
3.2.2.3 aan@3nuinesy

3.8 ' =] a o o g o w AT
2esasmnmldanminziluveddeianaavesdrdudoyansdrduiinnion
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Nga Ao “2995A59rId AU aziilunga  (MLSD:  maximum-likelihood ~sequence
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(A-1) AvuasENERToAHAS NI ®o(p) = 0 dwmiumna p
(A-2) Fork=0,1,...,L4+v-~1

(A-3) PForg=0,1,.-.,@=1

(A-4) Ak(p, ) = lyk ~ 7(p,@)|? for Vp

(A-5) Tk41(q) = argminp {®x(p) + Ax(p, )}
(A-6) Pir1(a) = Pk(mrs1(g)) + Me(mh+1(0), 9)
(A7) Sk+1(a) = [Sk(me+1(9) | mh41(9)]

(A-8)  End

(A-9) End |

(A-10) naﬂsﬁauagaauww a amlﬁumam‘fwiwa 1 14y uaqua
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317 3.9 TupeumMIHauesdanes Nuimes
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N(D) F(D)
A(D) H (D) | Y(D)| Viterbi |A(D)
o) | C(D) | detector
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3.3.1 NszUIUMSIUM STy IMTUNIY
o o = B ) a

2199350509818 (predictor  filter) N1 Tl luszuumsiszuranadyao
an o 3 { o a W o w . .
AvmoavzllanyaeenutuunaneuduoIduNaasIfa (FIR: finite impulse response) LB
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° Y a ° v s ' 4 o ]
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muw ag P(D) AofenduesTewvesrsasnsosmuislulamu D cﬂmgﬂﬁfumiﬁﬂ

N
P(D)=)Y pD'=pD+p,D*+:+p,D" (3.14)

k=1

o A

A A w = o A o =] 3
Iﬂﬂ‘ﬂ Py ﬂ'ﬂﬂ’lﬁﬂﬂiﬁﬁ"]’lﬁﬂ?ﬂ £ U9919950509MIU08 Lag N fAD IUIULNUN I UAUDY

e
299505090 ATy 19, ansaieuliedluglaumsnindamand ldne

W =D PWe, (3.15)

Vo o

y o & 3 a .
aums  (3.15) ﬂz;ﬂﬂﬂu“lu%a‘um “pv3nseainnenilidunudadu (linear one-step

predictor)”  @wiReaiu  dedawaemsinng e,  annsoialdegluglvesaumsns

Qs
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=i

amaeans |

N

i=]
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viomeuldeylugiveslamu D 1ade
E(D) =[1- P(DYW (D) (3.17)

Tauf Wl [1— P(D)] azFeniunalii “ansnsosdoianaranisinne (prediction error

filter)”

d
3.3.2mammadilszansueslaasnsaaniiue

a

o't o ) 1w
qﬂﬂazmﬂiumﬁﬂammmwﬁﬂsmmuw P(D) WuAe mMsmadulszanives
o ) VY a o a9 = A A w & da
299505991111 Tasmsim Iddoranaranisniuig e, NMNUDINYA MIDDNUINUINAD N1T
o Y - o [~ w = 9 ~ 3 ::lyd 1 9/ A 1 g
mln e, uaﬂ‘ymzzﬂuﬁmmmsumuﬂmﬂwmﬂwqw nadiums iz N 1930 e, foIutlu
'3 o = A 1 3 = () o vy

mﬂﬂﬁxﬂammﬁmumumwmuwmmaaag”luwy,amﬂ:ﬁqm“lﬂmmmamwﬁmmem

= da  w qu as 1 a a = o Aot = o 9
NFVWIUNDTY AU faﬁﬂﬁmmﬁnﬂszﬁ‘nﬁmmwﬂsﬂsmmmﬂﬂmﬂt’gﬂ naemsyldm

YoRANAIAMAITDURAY (MSE: mean-square error) [25]
E[e} |= E[(w,-%,)"] (3.18)

A g ~ ~ 2 N Y 1 4 o 3/ w o
fisnfosniqa Taen E[] fle drdutumammanune seaunseilalasmsmoeyiutauos
aums (3.18) sunumduilsyanivesianiniosine p, udad udalinadwin latian

Vw1 o 3 o a ° o
pfuague - vady dimsudsyuuaumssaduns ldmeeousenin  nSoemaze1fy

£ [

NANMILFIAINIA (orthogonality principle) a1

E[(wk _ﬁ)k)wm]z 0 (3.19)

d M5y m=12,...,N Tagmsudaums (3.19) 3218

. N
E[wkwm ]_ ZpiE[wk—iwm ] =0

i=l

pPi E[wk—iwm ] (3.20)

M=

E[ww ]=

k' m

i=1
N

R, (k—m)= Zp,.wa(k—f-m)
i=1
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A w A 1 v w  d . 0w i Qs A& a
idie R,, (i) femdnanduius (auto-correlation) S1AUR i vosdayAIMIUNIY W, Fafl

Tag

$-1
B = E[wk-:-iwk]: E|:Z wk+;wk:| (.21
k=0

Tagfi S Aeanuemsedwudavesdaudoya {w,} dwmum k-m=; lusums

v s . o
(3.20) ﬂz"lé’fwaawmflu “DUNITUBINDA (normal equation)” HUAD

N
R, ()= pR,. (-0 (3.22)

i=]

o s . & w 1 =
dwmiy j=12,...,N deusadalieglugluasnldne

wa (1) wa (O) wa (1) Ruw (N_l) P
R, (2 B-T(] R, (0 R (N-2
ww( ) = wu:/( ) ww( ) ¥ ww ( ; ) .10:2 (323)
wa (N) \wa (N_l) ooy wa(l) wa (O) J pN
9 4 R 13
130
r=Rp (3.24)

o

4 :‘ = a . o 3 1 s = QA’ (-]
oann R Wumasninsd (square matrix) a9y ardulszd@niuneasnseainme p

susam lannmudauns (3.24) vufe
p=R7'r (3.25)

19 a o w { A v o i
LlﬁﬁﬂﬁlﬂwﬂwmﬂmmﬁmmEUVIWJEI’Q’@ (MMSE: minimum mean-squared error) U939493

N50IMIHIBITTAMNINY [26]

N
Elez]= R, (0= pR,, () (3.26)
i=1



40

3.3.3180N151M9IHVBIIDIATIDH NPML
ol eMI oS LIIHENNITNIIUUDINDTATIVNT NPML THAIs U 1809

' o i PR Ay ¥ ~
TOITRY YW PR4 ﬁ'lll?lh’l 3.13 Iﬂfﬂ’l ‘U'E]ﬂ,l“ﬂ‘l’lﬂ'luﬂlJ'IL“IJ"I‘U'EN’Nﬁ]ﬁﬁ'i')i]’ﬁ’l NPML fusoey

o U
1

MWodlusaumsnindiamans lane

U a

=r, +W
Vi k k (3.27)
:ak "'"ak_z + Wk

@ =)

4 o 1 o
e r, =a, —a,_, NoYoyawIAnaYeITyaIM UAY w, Ao FANUTUAIULULE

O o

W
PR4 target

ax v. P Yk NPML | @
1-D detector

JU7 3.13 uyuinovasdaa 9 PR4

MHANITHININVDIINTIATIINT NPML 92A199INHENNITHINIHYDIA05ATIHIINDT T 11
(3DIVDINIMUIMNASO AT AANIAD WATAAIVIVDIDIATIIN NPML 22 Tworinusum

MUV 0IdQYIUIUNIN W, 1HAD

A A 12
A @) =y = B (,q) — | (3.28)
A A A o 1 @ Al 14 o . o
Wwe 7, (u,q) ﬂ@maﬂgma’mwmmﬁmtymﬂ"1nuﬁtyty1mi‘umu (noiseless channel output) 7
aeandosiumadsudauznndou: ¢ hlaowy ¢ didmuald g, (g) Aedeyain

1 [l E4
Buna o AN k& Aaeandosnuiduntimsalasuaniuzananiu: ¢ e ¢ Aol

FmTuTosdryans PR4 92 181
P () = (@) — 4, (q) (3.29)

¥
wennnil msvesdynasuniu w, aunsadouliedlugdaunismeadamansla

=)
Ao
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N
wk = Zp;wk—.' (330)
| v
WU w, =y, —a, +a,_, Nnaums (3.27) asluaums(3.30) 1ld
N
W, = ZP; Vet =G + i) (3.31)
i=1

unua 7, (1, q) MNAUNIT (3.29) LAy W, 1INeuMs (3.31) aaluaunis (3.28) v Idilu

2

AW, q) =y —a (@) +a,_,(q) - Z PV =ai(@) + a5 (q) (3.32)

i=1

o/

Taoh a,(q) Aefnszinmvesdayaiiadunn w e & fdeandoanuduniandalidia

VA =
YNUDINDUE ¢

D.

=9 o1 o o ) v a a n o
maIna luaunis (3.32) ul‘lJL“r’ilJ‘lzﬁTH'a"]JﬂTiU'llJﬂ"ﬁﬂ‘lN"luﬂ‘szqlﬂﬂ (application) W
9/ I~ 3 r d a A o = =
AvamsnnuslumsUszuanage WU adeaadlasi ieenn msfimanmesnmnd
o o ) as o as Py 3 { o v
Handumsge dmsumsinnedyasunaumuiing - unuheeimwiziladdunisuan-
= -] as { a a =t da
MaTeumyu-msiaen (ACS: add-compare-select) wilouiunl¥ludanesiuimesduuy
o 24 Saq by P Y /A Y g
5350A1 AT e 11 1993A32911 NEML aunsarhanldiuemlssgndidoansnnuialu

mstszuanagala auns (3.32) 1wdvsgadagy Insilviy

2

N N
AW q) =z, =4, (@), + Y. a,_(@p,~a(q) +a,_,(q) (3.33)

i=1 i=l

{ 9 o = o
Tauil z, AedoyaIAyAveINITNITBITORANEIANTIINY

N
k=W _Zyk—r'pf (3.34)

i=]

Ed
Tavaguuds msad1919930599m1 NPML lumsd §iidsi 1dsade 1ol

1) Muwun1esnsesiineg P(D) Taldauns (3.25)
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2) duramddudeya {z,} vinaums (.34 Tesshdwudeyaodnavesdaie

U

Tauos e} faoandeaiumiine H(D) #Hideans wuesnseadoRanain
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3

o o w Y P 9 o LY Y = da
3) hdwudeya {z, } nlalhinsneasiadoyadie2995a59M1AMe DULLTITUA
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H, (D)= H(D)[1- P(D)] (3.35)
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o a A o a ' [ a o
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£
H ; (D) flomsinauuy GPR [27) mymiiad ¢



YN 4

L

v o ¥ a) d o a .:f
ainenssuyesdyaaeumazmsoold luaauilssansainses

FIR

:d
Tuuniiszefuetamwsinvesaailnonssusesdaanusmluivesdaygias

g g

nidmsznoves lsthe uiasdaiindhiiedsls e ldidh lamshanuvesiivesdayana

1 [ 1 =2 ad = o o a o 9 a Aq 9 o
BI1U Lm3Elﬂﬂﬁ'l’m\‘l'J‘D'ﬂ'liﬂWﬁhlﬂJGBﬁ'ﬂJﬂizﬂﬂ‘ﬁﬂ’Jﬂiﬂ\‘l FIR mum'ﬂuﬂw“lﬁmﬂ“luﬂmuu LUae

QU q

a o 9 a
M3001a luddlrumaiin LMS

4.1 aninenssuvosdyanae1y

Filyoadayanaie1u (read channel chip) sgvimrhilumsilszuianadaya s read-

a:i 9 ar 1 dl =i w g c;dﬂl a 9/ d‘ [ 3 a
back ﬂllﬂii'li!'lﬂ‘l"i’m']u NENITNDATNAVDYADDNNN Iﬂﬂﬂﬂﬂlﬂﬂﬂ‘l"lﬁ?ﬂﬂﬂﬂﬂf}ﬂ Al

=

[ o ! =2 A Y o w 9 ac i of o
‘]f@ﬂﬁﬂaliy'lmﬂ'luﬂﬁﬂalﬂuﬂ'ﬂﬁ]ﬂ"]ﬂﬂ‘yﬂ']Qﬂ?ﬂﬂlﬁﬂﬂiﬂuﬂﬁ‘ﬂﬂﬁﬂ’lﬁﬂﬂﬂfﬂﬁ?ﬂ anilaonssy

s 1

il i v
yosnanuouIzLanialugln 4.1 ngaunwiz Tudivesyesdaanus it

U v
Y

B4 ¥
amilavnssuvesyresdamnmemiuzddududnraiedin Mnsaunumsiou/em
Qs o 3 1 a T 3 1 '
foyauazdyanamesly  dudy)  melugesdyaaemsiuezlssnoylidvdiume

Y

! ~ [:3 r (7 A 1 t:?
nawdmaziinihimainuuenaany T seeunsoagalldasde i

[}
1
signal ! o Amplitude | FIR Symbol
! correction !
; :
! 1
: LA detection AGC :
¢ tion
! = front circuit |
1
e o ey G 1
Syn; Modulation ECC Estimated
WAk = decoder [~*| decoder [—* message
detector bits

10N 4.1 aoilavnssuvesdayaimeu



45

4.1.1 19050 IUHIN

4} F s i = =& i 1
299589UNIN (front circuit) inanslugld 4.1 Fevzalszneulidoginsaiaie o fiog

= 4 ] g o) o
melunsevfmdsuduilss  melursesdaundnivezdumsdssuanadayanauuuneun
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4.1.1.1 292 5UeNEINOY

WITVOWADYU  (pre-amplifier) vz lumsvenedyauldliuouwdgaunnne
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1 ' E
o

a g { L7 as a
auiidosms Tavdn@Auddyaos read-back fisu ldnnderiuiiniuaglnounaaseua

A oa A w o = o & A 9/ o
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=y ci' o 1 9 1 s a8
wouwagaunwenazi ldszuianans laeiiidsg @ntam

4.1.1.2 3vs593gnaulwvhaszuaeday

1 ar ° | o W o
29959020 Il inszuaady (ac. coupling) sgvimvnlumsidnoarida (offset)
vod Ihingzudnse Nogludggin read-back o nsdfuduaong iy (vase line) 189
a 1 o = & d o 1 = a
deyaal read-back THoglnszAuuoududss Fepfamsmiddintosmuosdyaial read-

s 7 o
back UnAuTugudiuee

4.1.1.3 29a5veneuuunilsiaglé

v

5oy uysAula (VGA: variable gain amplifier) ﬁwﬁmummuqmzﬁumi

o

a o 1 v A 3
YYBUOUNTIAVOITYY Y read-back IHeyluszauesuasdyanauouinenily
damAInea (ADC: analog-to-digital converter) 191 l@peadidsyaniam  Taoh
v dq 4 a A v wa 2 v <q v
onTuwwilylurnstieiiman/feunlaslavsa Tuld deezgnarugudasimsvesilylu

1 ! 9 a @ e . .
LWIﬁ&‘H’NL’Jﬂ'Iﬂ’JEJ'Ni]'iﬂ']ﬂﬂiﬂﬁ)?]‘i”I“UEHEJLL“LIU'DG]IHNG’I (AGC: automatic gain control)

4.1.1.4 2903AIVANSATINTVNBUUUBA IR

WIIMUANBATINMIVOLVUEA WA (AGC: automatic gain control) vzHmilu

0 Qs ci o 9 d‘? 3 o T [ wa

msfuaneasverenezi llldiuasesvemes vea  Fezdlunisaiuoma laesn Tusia
=1

A o o a v o a 2 Y A
Luﬂﬂﬂ’]ﬂﬁ$¢]ﬂﬂ]ﬂﬁﬁmufy'lm read-back ﬂf)’luulﬂuu Mﬂ']ﬁlﬂﬂﬂuLLﬂﬁQﬂﬁﬂﬂnﬁﬂl WADINNT

ar = ! d. ar = ] =§
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vy Ao uuuh lil9deyaidieiy (non-data-aided AGC) naznvuld¥oyaidheiy (data-aided
¥ '
AGC)  ManmMIhauUe999IAANTATIVILLLUSA TulAtuenIofny @y 1den

[16]

a ¥
4.1.1.5 ﬂ’l‘iﬂ'i'clii‘l‘i'lll'ﬂﬁﬂ'l‘a'!lfﬂ‘llﬂ’d’lﬂ‘ll?ﬂi%l‘]i»iﬂ?'luii')‘l-!

MIATINWAZMIUA WANUTUTZFIAUTOU (TA detection & correction) [28]
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=1 o ar o 1A [~ & g
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]
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a 4 3 o w1 9 A o £ a
naIuves TA 1y siluilymnandenszuiumsasiamdena tiosnniliszuyInds
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v
o @ =R o

g A o o o A a
wiuvsiuiuinegavansedu waginisud ludaane: read-back Nifa TA

4.1.1.6 1vsunlvnaimnnasve sennaga

vsud luang launinsveaueunizn (Amplitude asymmetric corraction) 991
— 1 a i o Qs
nihilumsudlvau lamnasvesdayann read-back  Mlmamziluyan wasdayao
P 3 4 [ oy cf ar W d el { o
read-back NilraUITUAY ot ndyanmhs i selduananadalfouan e iy
as @ o { 4 g = = ar
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= =2 A a 9/
wagaa IR UNAY 1a91n [29]

4.1.1.7 'Ni]‘a'ﬁi@d!!ﬂﬂ?{ﬂ!‘ﬁﬂx‘lﬂ]ﬂﬁﬁ'l

2INTOULVABITOIMUIAT (CTF: continuous-time filter) vzsimihilumssida
wisnuuesdyana ey lugruauanuiifitmua Lmzﬂhﬂﬁwﬁ'ﬂﬁ’ﬂgmmsumuﬁacjuaﬂ
UALAMNA (out-of-band noise) Tl 1 sy Taowalyl 2sasnsosreritoamanmiily
lumsuszunanavessrindadiy  wldassnseshud (@LoF: low-pass filter) TuF1
Fosdyanusniiuszaunsofmuasnfineuns CTF 18 2§ de

1. ANWAGA (cut-off frequency) Mo muanuigaganozsen ¥ daanmri 114
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4.1.2 3993n309UUY FIR

99TV FIR (finite impulse response filter) 311miN luwaanansgnuiiia
o w L4 - 3 g @ o Y A s 1 or
nnMsunsnaeadyanyel vie IsI lHilesas uazduimihnlumslsuglsvuesdyaa
Y 1 Y & = ! s d
Toglugluvvvesmaneuauemuiidosms  dweSondh  wanouauesmsia  (target

& o 1 @ o - y 1
response) M 3UTUFUIvesdyanaliiiuldamumsifaidesmstiszgeliieesasrom

o w g

o " g o [ 3 = d o { o
deudeyariinulddietn dmiviesnsewny FIR Wi windmesddyiizdesims

o2

¢ ' - o
fvuamiAe dulsednidinios FIR Tash Salvesdaanaeiuiy swwsmuamdulszdns

1 = & @
NIUNIS VAAD T UIDY

(m) °iyapm¢’ﬁuﬂnﬁwamwimm FIR

(M) TYAIUAIUVIDOAUDINITNTDI FIR

] 4
U7 4.2 deyauaiida (n) Muvudivednsnsnses FIR uag (v) S1uv109nv0939050584 FIR

# ND =0.5 [18]
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o =

P < o A A
dmiiaildifuiuy PrRa e H(D)=1-D? wazdmualddoyadunaiiai

Q

A A

£
duliidogludga  {-1,1} &l warevauosmfifaszmiidiluldegnluga

= kY

{-2.0, z}ﬁmimigﬂﬁ 4.2 c‘ﬁmﬁmﬁ'aadwwmﬁ'ﬁyﬂym read-back NOUNIZIT129957509 FIR
uaz Ay IafionnaIna9asnie FIR ie ND =0.5 (ISI Tiguuse) smundyananowdh
230704 FIR axdifnsznweylugialszina 0.7 81 -0.7 iledyanadina1ndinisnsngos
FIR 181 sefvvesdyanansilonld dwadhlmumanouauommitia tuie dryay o
woyluszay 2,0 uaz 2

Aw(i)
-8

R

(M) Ay IMAILAUTIV929950TDY FIR

(v) ey A1 109AYB429930T93 FIR

[ 3
31 4.3 deyauauidla (n) Auvudiversnsnses FIR uag (U) 41491900U0979957509 FIR

# ND=25 [18]

a = L : = i A s 1 [-¥] [ ]
Twihueadiendu definsanglfl 43 Gawaasiioiievesdaya o read-back foud
o

9219179930509 FIR, Uae {ay919M00n21N29130509 FIR 1l ND = 2.5 (ISI JULTY) A
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4.2.1.2 Minimum Mean Square Error
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Using steepest descent algorithm, the coefficients at time %
c, = [Ck,oa'--ack,N-l]
coefficients at time &+1, i.e.,

can be used to compute the

Ch = 4 —fo(ck), (13)

with
Vi(e,)=2R_c-2p
k 55 (14)
=2E[e,s, ] .
In LMS algorithm, the expectation operator is omitted from

(14), consequently, the filter coefficients at time &+1 in (13)
can be updated by the following equation

Crl = Cp — Hess, (15)

where g is the step size to adapt the coefficients. Note that all

N coefficients are adapted simultaneously. The performance of
LMS equalizer in terms of convergence typically depends on
the step size &7 . Large step size leads to faster convergence,

but with high MSE, while small one leads to the opposite
outcome. With LMS algorithm used for tap optimization, the
criterion is not BER but rather the MSE,

V. SIMULATION RESULTS AND DISCUSSIONS

In this section, we investigate the effects of various
parameters on convergent times, In addition, the amount of
testing time between the conventional method and the LMS
method are compared. In Fig. 3, the relationship between the
number of FIR taps and amount of testing time S of the
combinatorial-based method is plotted. As the filter has longer
taps, the required testing time of the conventional method is
higher. In a read channel chip with N = 10 and K =32, the
testing time S = 640. Note that for each pair of even-odd
number of taps, we have the same testing time due to the
combinatorial formula in (3).
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Fig. 3. Effects of number of filter taps on the test time of
combinatorial-based method.
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For the LMS method, the PR target considered is EPR4
target with polynomial H(D) =1+ D - D* - D*, The adaptive
equalizer is an 11-tap FIR filter. The signal-to-noise ratio
(SNR) is defined as SNR (dB) = 10log,, (£, /N, ), where E; is
the energy of the channel impulse response.

The SNR level generally affects the convergent time, from
the simulation, at the SNR below 20 dB, the coefficients will
diverge since the obtained MSE is greater than 5%, however,
at the SNR above 20 dB, they will converge to the optimal
coefficients since the MSE is lower than 5%. The MSE
percentage is in fact variable depending on the applications of
LMS algorithm. The convergent time as a function of the
number of iterations for SNR = 20, 30 and 40dB are illustrated
in Fig. 4. All coeflicients are initialized to an all-zero vector.
Even though, the SNR levels do not make a distinct difference
on the convergent time for this range of SNR, but the step
sizes do. In this case, the convergent time decreases
significantly as the step size increases from 0.002 to 0.01.
With the step size from 0.03 to 0.07, the convergence tends to
behave similarly with the convergent time to be around 100.
At SNR = 20 dB, the 11-tap converged filter coefficients ¢
with the step size () = 0.01 is found to be ¢ = [0.0099 -

0.0201 0.2020 -0.0325 -1.7062 -0.0429 1.8883 -0.0764 -
0.3010 0.1095 -0.0753].
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Fig. 4. Effects of step sizes and SNRs on the convergent time.

Using the optimal coefficients from the last ones at SNR =
20 dB, we then initialize the filter coefficients to deviate from
the optimal ones by a certain percentage, and study the effects
on the convergent time. The SNR used here is 20 dB. The
possible step sizes follow the practical allowable range, i.e.,
1/128, 1/64, 1/32 and 1/16. In this case, filter coefficients are
directly updated by the LMS algorithm with infinite resolution.
From Fig. 5, it is evident that larger deviation from the true
values and smaller step size both result in longer time to
converge. If we set the deviation to far from the optimal ones
such as 40%, the convergent time is maximum at 500 with
step size = 1/128.



Using steepest descent algorithm, the coefficients at time &
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coefficients at time £+1, i.e.,

can be used to compute the

Crpt =€ —g—Vf(ck), (13)

with
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k 58 (14)
= 2E[@ksk] .
In LMS algorithm, the expectation operator is omitted from

(14), consequently, the filter coefficients at time A+1 in (13)
can be updated by the following equation

(15)

Crel = Cp — HegSe,

where y is the step size to adapt the coefficients. Note that all

N coefficients are adapted simultaneously. The performance of
LMS equalizer in terms of convergence typically depends on
the step size i . Large step size leads to faster convergence,
but with high MSE, while small one leads to the opposite
outcome. With LMS algorithm used for tap optimization, the
criterion is not BER but rather the MSE.

V. SIMULATION RESULTS AND DISCUSSIONS

In this section, we investigate the effects of various
parameters on convergent times. In addition, the amount of
testing time between the conventional method and the LMS
method are compared. In Fig. 3, the relationship between the
number of FIR taps and amount of testing time S of the
combinatorial-based method is plotted. As the filter has longer
taps, the required testing time of the conventional method is
higher. In a read channel chip with ¥ = 10 and K =32, the
testing time S = 640. Note that for each pair of even-odd
number of taps, we have the same testing time due to the
combinatorial formula in (3).
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(SNR) is defined as SNR (dB) = 10log,, (£, /N, ), where E; is
the energy of the channel impulse response.

The SNR level generally affects the convergent time, from
the simulation, at the SNR below 20 dB, the coefficients will
diverge since the obtained MSE is greater than 5%, however,
at the SNR above 20 dB, they will converge to the optimal
coefficients since the MSE is lower than 5%. The MSE
percentage is in fact variable depending on the applications of
LMS algorithm. The convergent time as a function of the
number of iterations for SNR = 20, 30 and 40dB are illustrated
in Fig. 4. All coefficients are initialized to an all-zero vector.
Even though, the SNR levels do not make a distinct difference
on the convergent time for this range of SNR, but the step
sizes do. In this case, the convergent time decreases
significantly as the step size increases from 0.002 to 0.01.
With the step size from 0.03 to 0.07, the convergence tends to
behave similarly with the convergent time to be around 100,
At SNR = 20 dB, the 11-tap converged filter coefficients ¢
with the step size () = 0.01 is found to be ¢ = [0.0099 -

0.0201 0.2020 -0.0325 -1.7062 -0.0429 1.8883 -0.0764 -
0.3010 0.1095 -0.0753].
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Using the optimal coefficients from the last ones at SNR =
20 dB, we then initialize the filter coefficients to deviate from
the optimal ones by a certain percentage, and study the effects
on the convergent time. The SNR used here is 20 dB. The
possible step sizes follow the practical allowable range, i.e.,
1/128, 1/64, 1/32 and 1/16. In this case, filter coefficients are
directly updated by the LMS algorithm with infinite resolution.
From Fig. 5, it is evident that larger deviation from the true
values and smaller step size both result in longer time to
converge. If we set the deviation to far from the optimal ones
such as 40%, the convergent time is maximum at 500 with
step size = 1/128.
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floating-point filter coefficients.

Next, we consider the fixed-point filter coefficients with 8-
bit resolution. The simulation results similar to Fig. 5 are then
shown in Fig. 6. Also plotted in this figure is the amount of
time required for conventional method with K = 32 .65,
640 times. In this case, the convergent times of LMS method
are higher than the conventional one compared with the
floating-point coefficients. For example, with 10% deviation
from optimal values, the convergent times increase from 40 to
50 at step size 1/16 and 200 to 250 at step size 1/128.
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Fig. 6. Effects of step size on convergent rate for 8-bit
resolution.

The performance of the system that used the LMS algorithm
to find the optimal coefficients is shown in Fig. 7. If the step
size is small, the BER of the system will low, but the
convergent times will high. However, although we use the
LMS algorithm with step size = 1/128 to obtain the best
performance, the convergent times to get the optimal
coefficients are less than the combinatorial-based method.
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VI. CONCLUSIONS

The proposed method for FIR tap optimization proves to
efficient compared with the conventional combinatorial test
method. An advantage is in adjusting all N coefficients rather
than each pair at a time to search for optimal values. The
convergent times evidently depend on the initial values of
coefficients, step size and resolution issue. The SNR, however,
does not significantly affect the test time. With initial
coefficients close to the optimal values, based on the read
channel chip specification, the LMS method will lead to even
faster convergence.
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time required for conventional method with K =32, je, §=
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The proposed method for FIR tap optimization proves to
efficient compared with the conventional combinatorial test
method. An advantage is in adjusting all N coefficients rather
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convergent times evidently depend on the initial values of
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Abstract: This paper presents a simulation and visualization
tool for the read channel in magnetic recording system based
on MATLAB and GUI tools. The system consists of read-back
signal generator, low-pass filter (LPF), FIR equalizer, Viterbi
detector and Graphical user interface (GUI) structure.
Simulation results show the signals of each component in read
channel model and users can modify important relevant
parameters in each subsystem.

1. Introduction

To understand signal processing in magnetic recording
system, it is beneficial to learn the functions of each block and
see how the signals are changed by each process. The learning
tool we present is to help visualize the operation of realistic
channel model in magnetic recording system. The model is
close to the real system because it consists of all the important
parts in the read channel. Users can modify important
parameters and display the resultant signals. In addition, new
algorithms can be included and replace existing functions for
simulation purpose.

2. Magnetic Recording System

A magnetic recording system model is shown in Fig 1. In
the writing process, message bits are encoded by error
correction code (ECC) [1] encoder. Currently, most hard disk
drives employ Reed Solomon (RS) code as ECC [2]. The
encoded data are then encoded by modulation encoder to
ensure the minimum and maximum run length of 0’s in the
data sequence. A commonly used code is Run Length Limited
(RLL) code. The output data from modulation encoder are
then written on the storage media, called recorded bits.

i

ECC ion| Recorded
“::’* lnciciar Mﬂd“l;‘:m bits Modulater
t OO Wite carmnt
(v3,RScodes) (a5, RLL codes) : wavefom
: Write headMediumy
: Read head Assewmbly
i Readback
Estinated [ ECC Modulation: Read st
i decoder decoder bits channel

Fig. 1. Magnetic recording system model.

Consequently, recorded bits are sent to the modulator to
convert data bits into write current waveform and then to the
write head for writing the data on the storage media. In
magnetic recording system, information is stored in the
transition of magnetic polarities. In the reading process, the
read head senses the magnetic transition from the storage
media. When it moves to magnetic transition zone, it reads out
the voltage waveform, called read-back signal. The read-back
signal is then sent for processing in read channel circuits
consisting of low-pass filter (LPF), analog-to-digital (A/D)
converter, FIR equalizer [3] and Viterbi detector [4]. The
combination of partial response (PR) target and Viterbi
detector is often termed “PRML.” The output data are decoded
by modulation decoder and ECC decoder, respectively, to
produce estimate of message bits.

"
T 1-D F‘IV &0 %‘”—ﬂ',—[ LrF l—ﬂ)‘—;—‘a| Equalizer l—n-.| Detector ]£L~

Fig 2. Read channel model.

The read channel model is shown in Fig 2. Sequential
binary input data a; € {0, 1} with period T are sent to the ideal
differentiator 1-D, where D is a delay. This changes data to by
e{-2, 0,2}, where b; = £ 2 is a positive transition or negative
transition and b, = 0 represents no transition change. The
signal b, will be sent through the recording channel with
isolated response g(7). For longitudinal channel, g(z) is defined
as

1

2
2t
1+
PWy,

where PWsg is the pulse width of g(#) at half of the maximum
amplitude. For perpendicular channel, g(7) is defined as

g(1) = ew{2I '“zj , @
PWSU

g(t) = ; (1)
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where PWs is the pulse width of g’(1) or differential of g(7) at
half of the maximum amplitude. An error function is defined
as

2 7 -
erf(x) = —_"e ¢ dt. 3)
V7 3
The noise corrupted read-back signal p(#) can be written as
p)= D by gt —kT)+n, , @)

k=—ou

where n;, is sampled additive white Gaussian noise (AWGN).
The read back signal p(2) is then filtered with a low-pass filter
to remove out-of-band noise. Consequently, the resulting
signal is sampled by the A/D converter. Sampling data are
then sent to FIR equalizer which shapes the original TIST into
partial response (PR) target, and sent to a Viterbi detector,
respectively, to search for possible sequential input data, an
approximate value of a; or dy. The commonly used detector in
magnetic recording systems is a Viterbi detector, however, in
future generation, to exploit iterative processing, it is most
likely replaced by soft-out Viterbi detector (SOVA).

3. Evaluation Tool

We use MATLAB program to build this simulation tool of
the magnetic recording system. For building this simulation
tool, we implement two tasks. The first task includes writing
MATLAB function of each component and the other is
Graphical user interface (GUI) construction, The functions of
read-back signal generator, LPF, FIR equalizer and Viterbi
detector are constructed. For each component, important input
parameters are displayed for modification by users. On each
GUI page, users can modify parameters on the left side, and
the results are displayed on the right side. When the
“Simulate” button is pressed, the program gets all parameters
into the input variables, and calls the function to simulate the
process of read channel. And then it keeps the output of signal
into the output variables. After that, when the “Display” or
“Plot” button is pressed, the program takes output variables,
plot the graph and display.

4. Results

Initially, we show the simulation of isolated pulse and dibit
pulse response of longitudinal and perpendicular channel that

compare the results in different ND, where ND is a
normalized recording density and it is defined as
Pwsu
ND =——, 5
= (&)

where T is a period of each bit. “Isolated pulse” is a one bit
transition response that is g(¢) and “Dibit pulse” is two bits
transition response that is defined as

m(t) =g —-g-T). (6)
Let T is a constant value. If normalized density increases,
amplitude of transition pulse response will decrease and the

signal will spread into many periods. Adjacent transition
pulse response will overlap.
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Therefore, inter-symbol-interference (ISI) in the read-back

signal increases when normalized density increases. Results of - simreadeh

the isolated pulse and dibit pulse response of longitudinal

channel are shown in Fig. 3 and the isolated pulse and dibit R I —
pulse response of perpendicular channel are shown in Fig. 4. ity &R

To run the read channel simulation tool, set the input data
20 bits,” channel “longitudinal,” target “PR4,” AWGN 20
dB,” type of LPF “ Butterworth,” SNR for plot Bit error rate
(BER) “ -6 to 10” dB, and “ND = 1.” For longitudinal
channel, in the case of negative-to-positive transition, the
read-back signal shows positive peak, but for positive-to-
negative (ransition, the negative peak appears. Multiple

Amplitude

50 100 150 200 260

adjacent transitions cause lower amplitude of the read-back Time (KT)
VITERE! DETECTOR

signal as shown in Fig. 5. The obtained read-back signal is
then added with AWGN noise to produce realistic signal. The
intensity of noise depends on the target signal-to-noise ratio
(SNR). After the read-back signal is filtered with LPF to
remove out-of-band noise, the smoothened output signal is
shown in Fig. 6. In the “Signal after LPF” figure, the sampled
discrete sequence is shown; the dotted line represents
corresponding analog signal. Then the signal is adjusted by
equalizer for “target response” that is result of input data —
convolution with target, and sent to the Viterbi dctcct(i to find [owwter ]
possible data and calculate BER of the system. Signal after the ’ 4 SNR(E)
equalizer and BER graph are shown in Fig. 7. )

Bit ervor rata

Fig. 7. Signal after the equalizer and BER graph.
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5. Conclusions

Read channel simulation tools help visualize the write
signal, read-back signal without noise, read-back signal with
AWGN, the signal after LPF with sampling signal, the signal
after equalizer and BER graph respectively. They clearly show
the signals in each part and variation of the signals when users
modify parameters. This simulation is a good learning tool for
studying the read channel in magnetic recording system with
the theory of the read channel model.
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