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An Adaptive Decision-Directed Equalizer using Iterative
Hyperplane Projection for SIMO systems

Won-Cheol Lee”
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& =2 tterative hyperplane projection & ©]§-& H4%<4l APA(affine projection algonthm)& A&k €}
F AL dIE|EFE F APAT Ha ¥5 FAE e 2% 319 24 ogfel cordt Saiokl Ae
S glch SIMO(Single-Input-Multiple-Output) Al2%1& $13F STDE(Space-Time Decision- directed Equalizer)
28 A E3] 9l Ad 3elA bgale “shifing invarance propenty" & o|-8& < glo.mF old] FTF(Fast
Transversal Filte®} 7o} 7 BA%g zZe 34 2§ duelZEe A8% 4 ¢ict =aly APA 7]Hle] STDE
71%5%& w¥she FAol4 SMISample Matrix Inversion) Aejz} ¥riulsie], Aj4abe] ¥alzrl ZrlstA o}
ol#ldt FAIEE Astual B =Py APA 1Y A9 $5 2 54 2 34 3 4AL A3
A, Y B3%E Zh= [HP(Iterative Hyperplane Projection) 22l 7|wre] 832 44 APA 7|HE 4713}
o} Ak IHP 74k APA Z)He] S galsly] fsl, 34 SIMO A8 245 slei A<HE IHP-APA %
2]Z-8 H431 STDES di3t v E o2 & (BER) AT} Alle 248 Eald] $ale olasledc]
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ABSTRACT

This paper mtroduces an efficient affine projection algonthm(APA) using iterauve hyperplane projection,
Among varions fast converging adaptation algorithms, APA has been preferred to be employed for varicus
applhications due to 1ts mherent effectiveness agamnst the rank deficient problem However, the amount of
complexity of the conventional APA could not be neghgible because of the accomplishment of sample matrix
mversion(SMI) Moreover, the “shifting invamance property” usvally exploited in single channel case does not
hold for the application of space-ime decision-directed equalizer(STDE) deployed in single-imput-roulti-
output(SIMO) systems Thus, 1t 15 impossible io wutilize the fast adaptaton schemes such as fast transversal
filter(FTF) having low-complexity. Te accomplish such tasks, this paper introduces the low-complexity APA hy
employing hyperplane projection algorithm, which shows the excellent tracking capability as well as the fast
convergence. In order to confirm th vahdity of the proposed method, us performance is evaluated under wireless
SIMO channel 1n respect to bit error rate(BER) behavior and computational complexity
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EE)HP &32iE-g o148 SMO Alaglg Ag A4 A4 §3b7) 47

I.LME

tA " EalA el AdE AR A el 4
Yy 2El A7) fefy Az o] 3t B8
71E 2% Ad 2ol giEe d dukgem
s =Iat AMzE 7RSI Inter-Symbol Interference)©]
whsle EAAS T8I sk, ofbF Al e
s Agsle, o5 B8 £ Als B BA4E
ZA "o} o]z A Apdel 23 A A A
ZHEz] fiske] o =4l ket ARgE Thkez
8= ZF(Zero-Forcing), MMSE (Minimum Mean
Squared Error) v MLSE (Maximum Likelihood
Sequence Estimator) A-37F 581717} zeise} sich
W 2 Ade) A B4L zeE o, 24 53]
= oge A7 e Ade BAkE = gleE ud 4
H BAS 2 He QuelEs o7yt

ol¢} HhEgY, viF Al ez} A AR
Fe] dolxl FRMte) FEA ™e AdER 4
A EA= Qs T P37} opd 4R ko)
25 dAE A2 wlolmz A FAe] LA
A Qdofd 5= el wleld, T4 Y] =3 &
Aubd 7P ez  qlsl, RLS(Recursive Least
Square)ell Z|Hlgt Hg dwmelHE B Al
s #HAe) 48 Sz 2 BEAHE RoiFA X
4 gleh 2efg nlAEAE AfAE] $5te] APAYL
At =3z, RLSe vlsle] AL Aoz e o]
g W] 3% 3 B4E sl

APAS| ¥ A= AT AE dEA FAE
Zre 8awel 8 58 2dsls el
o 2ot F3b) A 9 e A =9,
AReke] Frksle didldl APAY 57 BAE
SMI-RLS %xei5a} $lzlAd "ol olsds HdE,
29 A4S 12 A =9, APAY] AltERs A2
L7 47 44 7FXE NLMS (Normmalized Least
Mean Square) G37=]E7 oA Hof dnkon
APA 71L& <lv) &3k ubek AlA7), 2$ As AA
719} He E3l|g} 7F2 Relell] Ague] o A%
o] W& =EZ E3 siFuEe) gt

Fa dEE 022 A=) et A¥ dd
BEAL S F= APAS] Al4lEkE SMI(Sample Matmx
Inversion) 242 Ha= <8 43 FAE + ¢
th olzigh Ak Hohg Feolr] 43l FIF (Fast
Transversal Filter)7]82 7|9k =2 3t FAP (Fast
Affine Projection) 7e]Zo] Algksje] gej™ 1
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#u} Agzr FEr]e] S84 “shifting invariance
property” & UHEEA| 23}7] el FIFY 22 1
% dpEEEe 449 5 o, =3 9l A
3 E3}7]7} ohi=bd, matrix inversion lemmal'? &
gol gl Ha, o] <ls| sSMItte] APAE AT
7452 HElE Aol AHE 5 gtk o]2 Qs E
Asle @ A Fo)7] sk, B =RdMe
FEEA HEE A $1% WA Y welE A4
81= IHP(Hterative Hyperplane Projection)”]'d2- |
plabeios
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st RAR dod Ade) 2de I =3t
grt A DA APA2] ZH B4¢ 7Ke 7t
Z2 WE JAds o ddE 2dste ukke A
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A Alzg #7 slelld AL FSle] Aok
vkl 7uikgk STDES Asg zasialet ol¢ o
Bo), Aokl ukalel Ay-g wlE o2 & (BER)
Zmioll4] NLMS, SMI-APAS} 4wkl RLS 5%
722 b ¢3EFET A%5E vlmalgic et

2 A Vgl A4E 9 23 7St

I. A3Zt =E-28 S8p

a7 12 1 tapped-delay-line(TDL) HEIEE 1

B A7k AR-AA $H7(STDE)S LubEel T+
FE BoiF3: gvk 971d, pe ddAE-Ad o
AAE grlele, x4 Addlient
TDL(Tapped-Delay-Line) Hel9] gl&-& oiF =y
2HE WL AEE F 4 (w),m=1,-, M.°IH,
587 8 P A AE AEE g8 B
g A9 2448E ek o]2ldt STDEx:
27k cpoBiAE o]5g dodA] FAd ISIE A7
AFle AL 7RG 71 48 AR 4 (n -
Al AfA et BA A Af: G F
AgEe], o)z qld] STDEY 234 uky
(DDM - Decision-Diercted Mode)olu}, shlZ =14 b
ANPAM Pilot-Assisted Mode) ol 3hvpe] 2=& &
asiA Pk 3% 19) STDE T2 L, ¢9] &
ASFHER FAE Ak o] o o] AL xS
2 6 (0T NE AR (), T (woit
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) / “Reference Symbol
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Training Symbol
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a3] 1. Az A2 53719l o
d(n) 78] #e] AlZe|ck
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AR deld Adz A=Y A £ gl B =
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g Ade Fo SR Thest ol vehd 4 9l
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H(2)=V P, hy+VP hz 7T+V P, h,z 277
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A7)4, T& AW ¥4, p,.p,F P,e A W
A, T WA zelx A Wg Az ALshs B

AZBe SJulskm, 2a sheAle AT W My =
hy,h;,h,~ N(O,R)E Adigk =717} Rayleigh
REE mEt dold SlelHEE THY ya %

& A Egels. =R A% A = ARE A
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WA S QA A A A A
U AE ABALE AdeR, P4 <k
M=4 A W B 45 AR PLL TRt o]
=k 4 glek

b 3y sbue
=% < “ai b o)
R= b %k S g )
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=3l FvlAd Toeplitz 4L zh= 4] (2)9] 27t 4
5 ARADL okl o] miE Y mRASE
g 4 qlck

R <dQl=qziiq B 3)
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A7, b o SIS A FA TR Al]
2 A B8 7T 9FEE Fleld dletriEe]
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Tkl 0, 4kl 14l 5] B4 7RAt A
& SR )32l wejoln)

(R o

. NLMS 739 HAMAZ 2= Affine
Projection 12|15

7b Qg 726l $1x|3 TDL Feje] el 2
& 19xe} o] [ olc}k welx, STDES sk
AN AP = L, mol3, FOB olF L2
F7)3}7c SMI ]| k1 is AgA-
APAPHTHEHIMR G o) ozt 710 7123 wig] JA14]

< 7l

X(m)] ! g(n)
(5)

wn+)= win)+a X(n)[ X(n)"

AW, g2 8 23 HEolx, Zze 71E
o weje} 71A] Hele ot 2] Aok

r () =[r;() rAn—1)rfn—p+1)] ©6)

w(n) =[w () w1 (n) = wy, (M7 @]

A (5)elld, $1EAIR 2ozl ge Fuld A 3
g dalleld, T& A A dakRleln, L=
AR 2L winE La® 218 2E b
2 WS omdch =3, XS Lxp 2719 &
Aot o] Ak gle WEIER o]2ojx] B 3
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e vhgat o] TR

X(n)=[ x(n) x(n—=1) « x{n—p+1)] @

q7]A, pE APA 4TEEY 54 ArE Uizt
Ayl dBHE  (n—14),1=0,,p—1, F
2 54 sHEMEREY] ¢ AEER o]FeR
<19 9=de 2 ogsd ol

x(n—D=[ ri(n—9 -~ rHn—017 9

2 @A, 1 (S A LQEeld] FlE Al
E AF vl o33 2l

Fw(n—0=[ 1, {n—D 1, (n—2—L,A+DIT (10)
AR £ 22 o Z1ENH ()T T3
2% 5,39 Aelza ket 2ol Aelut

emy=rin)—- A w)=rw—~ win) - x(z) (11

APAZ} 2= 34 SAol slaha lale ol el
$2) 23 24150 022 Fack

rAn—0— win) x(n—9=0,2=1,-,p (12

ZEY B, AEHel APAE A (5)l wel,
71 HEe] AAls 3 o PP Fee 3
Aol BAe|tt zEjEg, p=r°] HAHE, 4 )=
AE4el RLS €walE&e] T8 #F A4l o] =}
U8 APA 7|ube] S3k719) A%e £ A 4%
& A =i, 54 A5E FRReEN APAE O
v 4 35S A Sz AR FE1d
BER BAE & =EA "Hoh a=pd 3k
Ad Aol FAlste Al £ A5E Fot
Aol e} o] A¥dHez P4 HE AL of
vch chA] deild dARE g elakem Feo At
ZrBlvEE o= 5 oAy AT e
7] gl ol FAHHoE FEEE AUE Akl
ApAdell Z1alsin, o)zt #AolA H49 4 gle
APA 78] S3l7je AL AR ® $3 BER
A AEY = ik

4] (5)olAsh 22 APAS] 1A uly Palae
o 2471 24 o) NLMS 719 7154 wE A
Az} fabsiA] epd 5= ol B =Rl o)l&
FAsle] dubEl o Aol sz NLMS)
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FAkE APAZIRE] ABAME frEsint olE #s)
o] 25} A AUAE vHeF} 3Fe] #dsgict

win+l1)=
wln)+ad(m x(n)+4H(n) x(n—1)
+e b, (n) x(n—p+1)]

(13)

ANty =B, m)/ BT AR A A
ole} ¥ At e 12 Zw FA] FAH oAEL
08F5-8 Ze APAS] & o183l A (199
B R EF2 A AN gl gw)e ok
7} o] FEFict

( Xn) X(m))+ B(m)= e(n) (14)
A (14yellA

B=[B(m) B+ By(m)]T (15)
olm, 4 (14)8] 2% wlel:= iz} )
elm)=[e*(m 0017 (16)

Al 13y A W A A2 giHulE
£ Ao ohes) Aok
u(m)= x(xn)+ I:Z“:llt‘(n) x(n—12) an

o}E olgsiel A (13)9] 1FA AL WS 7
53 Qe oflet o] vehd & ek

wln+1)= w(n)+8{nw - uln) (18)
FAoFEH (1212 4] 18)3 v Y Wby g0

WAzl wejg2 Aejsje]en], v AP ul4] =)
AL & ol oy HHE 7 £ 8L 295
ot el AL A qlH HelEEye P
4y Hee] EAlsle ARdS AAse ez
AvE 5 ook F oA gAY A o
o WEHER FE ol gl dEe] Aaye <)
A8 = g HeEd s A 3t
JC ctR AR, Lx(p-1Y NE TRe
R L I N - E et S B

A =[ 2x(n—1) x(#=2) x(n—p+D] (19
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ole] seje) WE y , (n) e clel SASH o] W
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x(m)ecty AR £ FAHenye dojzl W
2} sk S, ()€ e A ok

Ao AL wEIe 4 (S e AT L

A 2 4 gk
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A oyl B3l AR EE o185, ()
& ok e AE 39 9E 4 Aot

u. (W= ATA) AT x(#) 2y
ojnf A Fod d4kxt p & thEst o] Aol
P=A(ATA ) 'AY (22)
g A x(me Aa HE AHE rapd of
e} zeh

ym)= P, x(n) (23)

Wi Py Q =1- P, p, o WF AR A

x(ml izt Aol wasg wle (S 4
A4S Aggte sy dA Hd F
u(n)= Q,x(m °1FA 47 g 4 (18)¢]
oi7) ol wE2 Aass, dga e alw A4A
% ZA et

j
4
ol
a1
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__e'lm)
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£ A A a6k vepl Feide 3
= A 0 WE] y(n)E WS ARl 87EE
A} (14) 4l IHP Fme]EE AMsld e FRE
Aokgich, £ =Rl HPE H4sld 2L o7
Y HelE G2 Aok

V. IHP Y12|52 0|28t NLMS-like APA

1% 25 o]AH hyperplane F°39] wlEHql Az
& 253 sltt 53 i) hyperplanes©l 3%
s A 7 ol wEA R FAgE B8
& 5 UoPPl SR Ay wae] £F vl
<o} Zelm s, AlY udA e Al2dE o
elllE hyperplane 52 @l 9jsix AHds {3
Hell zAsA =i, ALyl s #HE
oJ A=}

23 244, p,= p5A hyperplane 29| £
A4RE viehdel Jdeje] BA % AN, 7
hyperplanecl] i3l d&A oz Fd diAlES A
A3t ol=dt ¢ ARE w2 A =
ot 209 271k i o A e e, 23 2
dlxe} el p oy e 2, 2%E A WA hyperplane
Aoge] 4a Ko WEF ouigitt d5EoR
PP x)< T A hyperplanedt®] p 9 22
F3g i 22lm2, ,709] hyperplanee] &
A A e 5 L AR IAHEe HE3H
xS ot

x|, =P, P, P;Pixy 26

7]4 & #719] hyperplane %% $9 A& S
QA B W PP ohest o) Felge),

planel

— plzne2
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EE/HP dmeEe o] 43t SIMO Al&EE A% A A

S87] 4+

P=P P, ;-P,P, 27

o2t ¢&t F7) FHAE g wbE Fel A He

e ohea Zo] ZHEG
xx=P%x, (28)
ola] hyperplane7} Flzle] s} ZAodd o =
U B2 s )R] ne} yhrale]
7} B & over-determined AlZElell43= LS(least
square) 15 A Fch oo} wiE WAL 7t
o]Rjge] =8} AL, & under-determined A]Z~%e]]
A MN(minimum norm) #J¢} Ss}A G

ol2{gl ¥MEA hyperplane FF 7|4 Al e
A (18)A T(n)2E AR uiA] 4 dE
& Fod A8 & g LAY SAEE T
B A B po 17k AY A B
slef gich

AJ::' : ﬁ( n) =0 Lx] (29

A @)l 4 G Tk Rl FEn

alw=lwn) wn—1)awn— L) (30

APAS AHgshs A purh £ A prt Hom
2 A8 AER o)Fed A 29 A +
7+ w2 vt g2 under-determuned Al22¥0]
23 B 5 ok gdeid A 20)F HEshA 5A
%t norm3te 23 A7) E9ieA] 0 Hejeh F2
e ALY HAY B A G dqriA,

Af. G(»)) EN(Euclidean Norm) 2+ IHP <&
_u_ﬂu S B3 9L &7} °é‘=}ﬂr MN &2} AR
BFe Hxg 49 4 gt =3 =i
hyperplane 52 convex 44-& 722 &3 F7]9
e, F L5 EE AL G EN Fel o
olAA el HE 53 dad Qe ok Al
A} 7o) 71EA] WlE AAAC] G4l

*

- — a1 31
win+1l)= wlar+ 7 alm u(xn) (G
Ay dARS o183 HP Ag AL &3k 4

sl AT Q(n)E ATEE 7 2 9
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2 x4
T2 mdd A%
o

i 2 A @9 SEekA AR
QPR BPAE ofslst 2

Kf' G(”)zo 9rx1 (32)

374 A ¥ 2Lx2(p— 18 Z71E Rl 3"
oz, 4P wiMsE wle] [y 7|E 2Lx]
otk 4 @M F 7iAe] T4 FFe ol A
Zro] ekl = girt

._”E(Re{ A} —Im{ A,,}) (33)
m{ A,} Re{ A,}

Im{ ﬁ,,}
IHP 7| Al =7 1 HelE 27] A% ¥

A& ofdish o] vehd % sik

ufm) = wi (m+rw - B, (33)
o714 YA pAA £ F7] Fol RA R

of seld A4E ol 9 WEe] 2AkkE et
Aok £8P 59 AW QRS 5 49 =
2t 13 odlM ARk, 7 R w® Fle
o(p—He) HEHQ Am Fejoz TR A
@A, K, =N GO R, A

& sz, Al GS)ld An 2 AT sk

A0 THe Aol Sl vebd 4 gl
3 ( K A1 )T u 1 l(n)
X =— — (36
7ilm) I A,,,;n?

71 || & ENE oelskz, 4l (35)3) A
ot Elel 271Gk oke n

u h(m)=[Re{ x [(m)} Im{ x T (W} &7

Qe 2rlghel FolAW, A WA <2 %—w 4
B9 36 o183 2p- 1) RFVF 1
A% Fol B B T oA &

Gé(”)= G%(,,_”(n)s"] ?;‘_7]&—% —’,L-_‘_'ﬂ_ /‘]Z]-*a}u;}’ k
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H 1, HP-APAC] 7|8k ¥ 7152 wg] A4l 7z

Initialization .
% _{Re{A.) —Im{A.)
Aa=(iia] TReiad)

u h(n)=[Re{ xT(n}} Im{ xT()}]",

Recursion for IHP :

For k=1 t0 K,

For i=1to 2(p—1),
rw=—C A, )T wi /I A, 17,
Ef(n)= Gf..](n) +7f(n) * K n,r;

end

end

™

LlE S R T O Y € R WA COT o
+i1 u%wn L) ”gtp-n Lo 2lm) s oy 2 (2]

raln

Recursion for weight update :

en) = Hn) — W) - x(n),

- - (n)

w(n+1) =w(n)+ S )

A =3 )8 A% duEiE iz Y wlEe
2718 Gl = uk, p(E v F gk

P WA €% Frle AT aime ENgkl
Aol A A oRIZ e wzka) whase,
ol& Fal oiNt HE At Wy TX (i

Wi o1F e q(pyE A3l AME 5 glck

x{n) i
x(H) : Topperi DiayeLirme - Synbd ;

H Ry 3
=1 - E )
S| I )(")}

Sl e e
7 (,,)‘F —1n)
) i) ' i
Bethe | | FerVagh | Sartots
——y/] Hipapxe _> Upate g ._,
Progestun ilrusnem\ &n)

28 3 IHP-APAS 343 STDES] 7&

vhAwte s As slEa Wy 4] 319 A
ol g3led AAlEA H} ¥ 32 HP YxEEE
7|Wte & 3 STDES] 7ZE ¥eF7 gz, F 1o
£ =3l ARk [HP-APA 7]4g H45 71
We] 74 A= #$AE seksigich
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V. BolAy

A HP-APA®Y] A5S U537] sl Al
2] 4l qrelliel 47)9) 4l stelt Ale]e] Akt o}
F 7= #olq FAslelld 25 STDE| oig =g
APE st mlelag A P £ Al
EF 71 SIMO AdE A e, 4] @)
o A AFEES 4=0.97¢ /%% b=0.9e ''¢ T
BT c=q.88c 12t B st o)w 3 A A
2o g T HAg 4 A G2 Ay »jge 7
s -17dB#}-24dB(= 10log nP /P &
10log P ./ P )= Azt 2oy AAex A
2 & AHg dxElE H4-A LAl ¥E of
(BER)3} 28 Al4kEES HP-APA A% B|2E 4%
A2 ARl o]lE Hal ¥ 2ol4dFelA] RLS,
SMI-APAS®] <hi2]&Ee] #&=gichk zeojidde)
AR qlH-E F 4049l o] TDMA ZHY 7
el 7Iuksle] AXIsI T, ole} PR AR =2

1 TDMA frame ( 10msec)

XY »
Slotd | Slofl | Slor2 I Slo1d | Stotd ’ 88 Slat1d | Slatls
: A\
'
1
GJ Preamble (56) | Datx (215)

1 Tume slot (0 625msec)

G Guard time % svimbols

23 4. 2odye] L3 TDMA Ly 32

AY #73LE F 20 vepide B33ke] SRk A
S ojn|ghl

I3 4ol ¥ed3l ZAF o), 7 TDMA £3&
BEPING), =2]fE(Preamble), TolelData) IJ=
2 o)1 gtk 74, Ze|dEd =Y Fr)¢
PAM 535 94 A8 3 Adzelcth

4] gL} e} 5 gLt 7Eel] AlgEE 9
Hel AerE 2 M=4% L =93 AR
=, 3 WA A2 5 WA A= g A 894 A=3
o] A7k A AEE A7 o 22 JHdslgie,
Q71 = AR TR ARich meld S
oy, =30t 0= AT, k2 HIH &
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e/ HP Y1E]ES o] 8% SIMO Al~HE HE AA AA 53] d

B 2. Reidd W Ae] 7z glo] ML AARECEZ SMI-APAS} RLS
Modulation 16-QAM 9 fARE s M+ 9\13._% Wzl o3 7
Preamble(56) + 7 8& A A oF A2 F Zvl b At
T o {pibale) data215) g 7]4le] BER B4¢ MojFc)
Symbols

g 448 Ksymbols/sec
transmission rate
Data transmission rate 86 Kbits/sec
Frame size (slots) 10 msec (16)

Slot size 0.625 msec %
Transmitting filter Full Nyquist 3
Carrier frequency 2.2 GHz 5
Doppler Spectrum Classical

Equalizing algorithm IHP-APA
Mobile speed (Vp,) 30, 60km/h

7] ZFNOC)E 322 TAHAZ] F 7ol g
E /N, S|4 [HP-APAS #-43} STDE®| BER I3 6. BER SOR 7z 27), Z¥lel X 60km,
s ARE FEoEch AT A B i
vebd . Ade A F9Rs  p=pE ZAT
SMI-APAS} UubdQl RLS dae|Eogie ol
Ae Jehdck o714, FAeR Fojal AdE
Zhl o] AASE A9 9 1A A
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