H51E 5 3
201145 H

X % ® L K ¥ ¥ R
Journal of Dalian University of Technology

Vol. 51, No. 3
May 2 0 1 1

XEHES: 1000-8608(2011)03-0428-05

— P L T DE I 9% 4 BE ) Hammerstein il 2K FL 45

1B & &,

(KEETA¥ RTREEFRATRFZH, 7 k&

& O,

x|

116024 )

WE: AL EBENEREERTIARIEHELHERABFEBLAANTERF 2
— A EREARGEFABS RN R AT R EREEA NG E R AR
BT 17 2 B 3R R T o B R AL, 3R O — b X HE Y Hammerstein Kk B 8, Z M KX EE U EH
FRABKRKBEEENHL LA R F R T A ERABRN R FEZR XN,
# W B Hammerstein A L H ARG R A LN A TR 2, WH MLy K.k 2 7 x40

TLRRL o &R B BT & A B .

KRR RN ;A EHEA s Hammerstein Tk 2 8 ; 08 W8 4 %

FESHES. TNI1Y

NERIRER: A

o gl =

PR TC LA R 2 FH P A TR — 5 A0 1 i it
o T ) 22 AR I 55 T 3K 4 R O Y I 55 A
B 54 v AR Y. AR S B R E AL 4%
o DR 3] B I AR 3K S R T AN SO i T T R
#% (power amplifier, PA) IR g B B {# 15
PA B0 12 5400 N BE 7 8% Z 0. PA 1112 58 0 44
ARG | AT B A N A A G B O R] T
PO I T R GRS R FNAH AR5 |4 A%
S5 1 JCiC AL Tk B4 (predistorter, PD) R BEAR 47
HAMEAFICAZ BN PA A9 AR LM IR I XHE 42 7
o LA BB 5T B A 3 — 4003k 1) AF 5 AR AL

ik EHOR S E 3 7E PA BB — 15 PA
FEPE (AEZ M S e 12 8500 ) A8 i 1) PD >k ik 21 2k P
16 E 1Y, FE 2 M b 1 8 PR X 3812 B A A
A ERGPES CRI T PA 338 5k 1 3 A RS B R2 )
DL R G R S 0 PR R SR R A v A 1
RGP TR R 2 B A AR 210 R R
— BRI SR T R GEAT A Al A A o 10 1 A 2 AT A
PRI B 44 AR 5 5 Je 2 HL I R B AR A vL 1 &2
F B ) 45 T BOBE R X 2R G AT M 4 A 1 R 1 R K.
KL, 78 X5 PD i#F 47 3 G A5 ) 7 22 AL AT 1 7 Tf
M FR . T A8 g2, UK LA @A — S S

Wi B . 2009-11-20; {&EBH: 2011-03-30.
EE€TH: BEXARB:EESFITE (60871046).

i) B AZ AR A PA 3 2 R i i e

HHET, o T A2 g e 800 PA MR 2Pk R
H,PD Z % it 1d £ mi A AT (MPMD Al
Hammerstein #8510 MPM & i Volterra 2%
B R R AR & RO Volterra 208U pRi %L
X AR oy, R Y B S AE T X PD g2
RO IR AN FE 43, HARE T Volterra 9 4B AU
HAEA BR 2 Gt A W B2 50 Bl Y SRy m) . 2k 1
Hammerstein ## §) PD J2& i AE 26 Pk & G g ik 2k
PE R Ge i Bl . BE O B ERR M A R PA Y36 R PR D
(2R Y S RV SR E Y i N T AN |2 e
R AR RSB M R PA 30 AN A 8
P Hammerstein 2% ELF 53 A0 XE 45

%5 % I F) Hammerstein 7 2% E 28 X} PA
0 VR A AR N 8 5T 4 L ZR S8 B TR IR HE Y [R) A
Jardin 4t JH — Pl 8 35 45 A 48 26 19 05 1ok S L
Hammerstein B (20 P 7 R 48, R 44 8] 1 %)
WACIZRON PA AL HLUA S B AMEEPE BE. 721X
PD WF5E Reail B A SCEE H ook ) Hammerstein T
e ELAS, H AN T4 S X PA IS 12800 i R E g
77 R 5 3 a5 A 3R (LUT) G U 1k 45 58 B AR
R ILSEHIE A DUA R+ 2T 1012 AL PA )
L PER A,

EEE N BHEA" (1978 .20, i+ 4, E-mail : sixiujie98@126. com; 4 B 5% (1958-) . 5, # 42 , 1+ 4= S il



% 31

BHENE. —ME TR KB EEN Hammerstein Tl & & % 129

1 L JDE D o A & 3 (1 il O ri gy

Hammerstein 158 J& T P46 4549, B — 4>
BAELKETFRERIK DL E T R H .
M A Hammerstein BB /E 8 PD 898 B 0, P A4~
F RGN H T AMz PA JELR M Fnic 12300 51
MR E, B PD W EAT 5 PA B3R M Aid 12 8%
IV 58 4 AH R R PE.

SCHRL8JEE i1 PD (il FLUT) B — 4 &
W g AR RN — A UE P A A R R AR A I T
SEPE Hammerstein A& 8 (1) 5 25 4E e M 7 R 40 M
SMBhAF RS, FLUT 8945 F{5 5 i f2 an &
1, Ho =G & PD Wk ABTE, 2 () 2
LUT B 5 H 20 () = PD IR, |« g R
Xt B BB Of E AT Ak, FLUT MRk 44 %
1% H BB A% B A 250 1 A 22707 10 A2 R0 B 32 i K A
AR 2 1 2k L

FLUT 5 —#% Hammerstein T2k H#5(LUT
IR — VR ) AH L X ICAZ RN PA Rk
R EAMERCR B R B 7 T . Hammerstein £5
RITh Ve R G0 i — 1 8 i A A 020k 58 WL, OB
PSR 5 ST A 5 A ¢, B Y i A S
TR R GR R — 2 8 U A% R Ao i, HA K
KRN |, Hob b2 A BR e (FIR) 98
a0 R B A, 2, 2 TGS

z(n) z(n) m z(n)
| Il |
i(n) Wi UBERR H
LUT [G,, [ |&E#&# (2

B 1 FLUT PD ##
Fig. 1 The structure of FLUT PD

2 By Hammerstein i 2k BL 2%

S A S A PA SR RO 51 R
A —F T FLUT gt i Hammerstein
WUk B xRk BT AEL T RECR A&
KA, AR PR —HEHEEG,
LT BE 2 30 o X AE S R AT ) '
PASE]. M AT ACAE =G0 L HAF 5 B K IEE N
T MARAER KRNI N, AERALK ¢ =
T/ (N — DLW LUT R85 (G B9 fE N

i) :LM+iJ 1
q 2

Horp| o | FIRX & [0 U S
MRS BI AR5 850X LUT -tk i 0 X5 hiz 4
A A B 3520 Gi - MARZNEF R G000
z21(n) = Giyz(n) (2)
FF X FLUT BIBETE . i 19 2 B0 1 B
2% [E R 0] fE £ 1 Hi A5 5 » Hammerstein 5%
FLARXT PA (3010 12 R0 1 3 1 23 TEORS B, B
DE P A ) R R A A F SN E, Bk, GRL
SRR AR E 4 x, = (x, 2.4
o). BB B L AN AAG 5 1520, X (15
XPUE B R A RIS TR AR W5l A
WM 2E. N T ok bk m) i, A SCHE
—A N X Ny 138 U5 #5505 1ok 52 Hammerstein
TR FLAR B Lk R GE. 1% B ) B — T2 — 2
B i 2 H ) i ko B8 AR 2R B0 Y A
A AN 55 AT P A I S B e . R Y T
MG T I I T2 H N 25 2 0 — A 52 e R 7
I P S DR I e AR R R 0 — > 2 N S
i A O 3 A U s A A B B R R AR 2
AN S NS T S AR G AR T 2 R T S A
B S ER R B S WO Y i A B S ), By
F G0 ISR A 00 HE T S X8 2 A B A AL
. R s i AR — A 2R A A PR AR i
KRR ASE SRR v, RIS W R
- ; \ z(n)‘ z(i()n| D) | 3)
A, AEE hE M AR T S A B XY R A
SRR b | BRI | .
U B 5 I ) 2R 5 | AR A0 3 30 P 265 1) S el TR
x, Mr, AT 28 —4E R TR A Y wirfn A (5
o, AT A A B, BDR 5 AR LA o
LUT MR RG] iGo s 5 4R 5] jGo i i
SR, AT S AR B AR -, 0 HUE T R
0 Bl KAE row - ZLKILH p = row/ (New —
D WS ek 51 j Go ATLARIR R

)y — | e L
](n)—tb-ﬁ—zj (4
FRE S — 4t 2R 51 8 2 XTI F 2tk R S A
zi(n) = (1) z(n—1) 2n—L+1)T

B FIR 38 U #&% R ¥ m & h, =
(h;;C0)  h,; (D he; (L — 1)), FIR 3§
%%E/‘Jﬁﬂj 2t %é/?\‘ﬁﬂ—]:

L—1
2(n) = D ho, (W) (n— k) (5)
k=0



430 X # ¥ L X

S

¥ ¥ # #5148

AL L 42 9 2 i Hammerstein i 26 B 45 40

K2 s Bz, #FaamEGzm—1) z(n—
2) o zn—L+1)).
OIS . Zn) e fzj'(z;':zu(n)
| wur VRV SRR .
L | : !

B 2 4 ¥ # Hammerstein PD & #4

Fig. 2 The structure of proposed Hammerstein PD

XTF AR ) Hammerstein W2k H 45, H
ARG 5r BR B 327 2 G5k M AR A% ) 45
P8 S B A T R R P A R G
A4 (6) A= (7) Frs.

Zlfa (7’1)

G :Glgm(l_g (6)

Horp 2, (n) R PD B PAGE N PD+ PA) ok
HEOP R E BT VL 2 i)

BV = R A+ i (n) (2 (n) — 24 () (7)
H h,, = (h,;(0)  h,; (1) hi,(L—1)),
Zia (1) = (2 (1) 2 (n—1) 2 (n— L+
)" RIAEE = M s R BAR LUT #4019
i LB 1) 2 () AR B AR ) S5 P S R B
YT 20, SR B IS P

3 D e E K gy by

S5 T 42 Y Hammerstein 2% F 4% 19
AR % PD BEAT P H. PA BEER ] A &
B ryicte Z2m AR, Hidlz KB M, B
P.ERZ] n PA 5 H AT LR R

M P
y(n) = 2 Z Uy |t —m) |7 2(n—m)
m=0p=1,pR K

(8)
;H\:EF' M = 2’P - 57%\%& A, p ﬁ[]‘l;‘ﬁ)’fﬁ-\‘ﬂﬂ:
ay,, = 1.051 340,090 41i;

a;,; =— 0.068 0—0.002 3i;
a,,, = 0.028 9 —0.005 4i;
ag,; =— 0.054 2—0.290 013

ay; = 0.223 440,231 713
ass =—0.062 1—0.093 2i;

ays =—0.965 7 —0. 702 8i;
ars =—0.245 1 —0. 373 5i;
ass = 0.122 9 +0.150 8i

RGN K 16QAM JEHIE 5, I 38 f F- 4
SR DR I AR HEAT U E O oS00 5 iR 5 &
0.5, 4R 3, FFREER 8. %HRIE IS 15 5 2E1 T
— ALK (15 R A A 0 B R R 1. 9
PEATIEAE MR PBO 4b#E L, PBO {E 4 0. 98.

D5 BALK L 3 LUT 8K/ N ol 645 % T8
WA HATEC N B RE 5 New BEH 4,
Sy A0 FIR IEWE 8K L &K 4.

HIG W B8 PD 2B L KIEE W X
LUT,6(6) 0.1 ;%5 58 I #4550 P vh FIR U8 i s
B H A AR (7)) 0. 01

PD ¥t a0 F . LUT 30 i N 25400 4R 1k
1L, FIR JE 25 16 w5 e 137 40 4 Ak Sk B 7 Jk .

5 BRI SCHR 8 ] rb i) 58T O v BT B i ke
FHAT BRRAE s A LM T R e dE AT 38 3 (AR Y 51
555K FH 500 A RABE A ARG X LR PEF R G AT
B Rl R AR R T R G IR 3 A SCHR Y PD
YK PA RGN R 25 (MSE,L E, 0 i 2k, A X
A PDIE M “LEM”. 5448 ) Hammerstein
ik E a8 (ficy H-PDOAR L . HR G IR 20N T
K7 dB. AR )2 B8, H-PD
Pt BE L A 16550 T RE NS T B b X L 45 ik Y
RO WA S i MSE il 46 3647 7 7 1 Ak 3.

TAIEE p&?iﬂki}?mhmikﬂﬁ[};

A
2 H-PD+PA
M-+PA

1000 1500 2000 2500

n

K3 LFM+PA 5 H-PD+PA %4ty MSE # 4
Fig. 3 The MSE curves of LFM + PA and H-PD+

0 500

PA systems
N TR A s ) K ki B R, 4
o= LD DL g it A
it R — B 220 g A BB L 3% 07 598 9 “xLFM”. 3¢
MRESTHE Ay FLUT K H % & 4 i iy A X2t &=
gz, ] LLEAE 2 LFM 5 xLFM 9 — 4§
. B 4 R E 3 AAE PD R PA RS AT MSE




% 31

BHENE. —ME TR KB EEN Hammerstein Tl & & % 131

M, 5o FLUT Mg as K L 4 8.

M 4 AT UEH. (D3 MIBEEREN
MSE ik #% F1£ 45 H-PD & 4l MSE #h £k,
L8 E e A L TN L EEP D
P (2)xLFM+PA #1 LEM+PA &%) MSE i
LAMLT FLUT+PA %4 MSE £k, Ui W] % &
T 22 1) i A BRI X D D A 5 e Y G B S DL
ro fE SCHY A EPE. R BT, W B R R
(DxLFM+PA 1 LEFM+PA &%) MSE £
JLFEA; (ORI A xXLEM+PA fil LFM+
PA RBEVIH B 28 FLUT+HPA 24K,
HUSSGEE R Z 8 T — 2 W sgm. 5 1 ANIA N
BHE J R R LR B PA BRI AN E A2 K L il
TN AN, BN 50 B R K 50 2 D EL%
HE A R R & xLFM+PA fil LFM+PA &4
T i 2H AR M 28 3 A /b 1 2 A 4 3 T O 3, [
LM AT S5 e — S

| 1 FLUT+PA
| 2 LFM+PA
3 XLFM+PA

1000 1500 2000 2500
n

K 4 FF PD+PA % % 89 MSE #h %
Fig.4 The MSE curves of different PD+PA systems

0 500

AU B AR v RGE 00K A UBH 9 20
XA ELE5 RALA FZ M. 2R AE A, BL 100 A
KHRE& N, xLFM + PA Fl LEM+ PA & 4 1y
MSE 2 ani&l 5 frox. & 5 7] LA il 2Rk 5k
XF xLEM (152 0 L 35 K, gl /& i LEM X PA
R PE B BR R BE )AL xLEM [ 5.

-10

1 xLFM+PA
2 LFM+PA

E,./dB

0 500 1000 1500 2000

n

F 5 Ff PD+PA %% 8 MSE #h 4
Fig.5 The MSE curves of two kinds of PD+PA systems

K 6 T A5 5 1Y 2 345 % B (PSD, Do) i
2 (DI AME S5 (2) Rgad o Rk 28 i 9 15
(D&M PD 0 PA S S, B Al L
F i, LEM X 3047 1 He 48 8508 fe 4 xLEM B IR
F LFM, {H % & #B @ 4k 8 F FLUT # & 4 H-
PD.

_12 1 1 1 1 1
-950 -100 -50 0 50 100 150
fl(rad-sample!)

K6 &Z%H PSD W%

Fig. 6 The PSD curves of different systems

F14 1T HPD.FLUT Ml LFM(xLFM)
R A 2% i DA R B 0 R AR B B P il B R S 5
B HE B, HAT S P B 2 AR A AR Sy LS
oA TR B8R 2 800 BLAR BUE A5 B0 1.l ik & W]
PIFE A SCHE A Hammerstein i 2% B 2§ B4R
WD T R R EE AR T T T R S B B A S
N E Y N VRSN O N D) | R RIS
ANEC PRI A SR L A R Y 4 v 2 DA A
Y1) 55 2% B FIAE it B o0 S BOR AN 1.

k1 ABAREHBXLE

Tab.1 The comparative table of different PDs
R FAR N I 4 SR
T AR

1+L N+1 N-+L
H-PD

17 (65) (80)

1+L 2N N+ L)
FLUT

9 (128) (576)

1-+L N(Ngr + 1) N(1 + NgrL)
LFM

(5) (320) (1088

5 B SEHIE B . % FLUT 2 M: T R 45 10K
B H 5 3] AY Hammerstein T 2% H 45 BE 8 A %%
Hb kP2 1AL KON Ty SR A Y AR 2Rk K L AE
RGBSR AW 2B DL AT DR B AR SCHR HE Y
ik By xLFM.

4 & ik

TR I s e PO A 2 2 L 4 2 T Xt A A2



432 X % ¥ LT kK ¥ ¥ #H

%51 %

RO VI 28 THOR A AR PR Rk FAME I QI R 2
— U IR Y Xof Ty AR R A 30 AL P Y A IR
AE 0. A SCHR B 0t 1) Hammerstein 28 B 4%
PLLUT 005 08 i A B A1 O LS B0 50, kS
WA IE T PA B IO RN R B T R G
(R (PR R O ELSC I UE B - AR SCHR Y PD fig T
IR B AME IS RO PA B R LMK AL TE
PRIEXT PA 2 A 1 BE 09 Hi 42 T, 42 3 8 i1 1y
Hammerstein # Kk K 2% 52 3 E K& 4 5 #F 52 1
5 Ia].

2% Cik :

[1] HE Zhi-yong, GE Jian-hua, GENG Shu-jian, et a/. An
improved look-up table predistortion technique for HPA
with memory effects in OFDM systems [ ]J]. IEEE
Transactions on Broadcasting, 2006, 52(1):87-91

[2] & 4. #F BPNN # OFDM % % #5 HPA #l X &
[J1. & F 5% B %4, 2009, 31(6):1451-1454

[3] CHOI Sung-ho, JEONG Eui-rim. LEE Y H.
Adaptive predistortion with direct learning based on
piecewise  linear  approximation of  amplifier
nonlinearity [ J]. IEEE Transactions on Microwave
Theory and Techniques, 2009, 57(5):1119-1128

[4] HAMMI O, GHANNOUCHI F M. Twin nonlinear
tow-box models for power amplifiers and transmitters
exhibiting memory effects with application to digital

predistortion [ ] ]. IEEE Microwave and Wireless
Components Letters, 2009, 19(8):530-532

[5] RAWAT M. RAWAT K. GHANNOUCHI F M.
Adaptive digital predistortion of wireless power
amplifiers/ transmitters using dynamic real-valued
focused time-delay line neural networks [ J]. IEEE
Transactions on Microwave Theory and Techniques,
2010, 58(1):95-104
[6] DENNIS R M, MA Z, KIM J. A generalized
memory polynomial model for digital predistortion of
RF power amplifier [J]. IEEE Transactions on Signal
Processing, 2006, 54(10):3852-3860
[7] HAMMI O, GHANNOUCHI F M, VASSILAKIS B.
A compact envelope-memory polynomial for RF
transmitters modeling with application to baseband and
RF-digital predistortion [ J]. IEEE Microwave and
Wireless Components Letter, 2008, 18(5) :359-361
[8] JARDIN P, BAUDOIN G. Filter lookup table
method for power amplifier linearization [J]. IEEE
Transactions on Vehicular Technology, 2007, 56(3):
1076-1087
[9] MKADEM F, BOUMAIZA S. Extended
Hammerstein behavioral model using artificial neural
networks [ J ]. IEEE Transactions on Microwave
Theory and Techniques, 2009, 57(4) .745-751
[10] & # A, EB A .M H %, — £ T Hammerstein 4#
AmFBFrMEkEEZ] BNAFFRCAELEHRF
M) s 2009, 48(1):47-50

[11] AI Bo, YANG Zhi-xing, PAN Chang-yong, et al.
Analysis on LUT based predistortion method for
HPA with memory [J]. IEEE Transactions on
Broadcasting, 2007, 53(1):127-131

A Hammerstein predistorter based on filter matrix

Sl Xiu-jie*, JIN Ming-lu, LIU Wen-long

( Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The accuracy of predistorter modeling, especially the description capability for inverse
memory characteristics of power amplifier (PA), is one of the key factors to efficiently compensate the
nonlinear distortion of PA with memory effects. In order to solve the problem that the varied
descriptions of predistorter models for inverse memory effects of PA are not sufficient, an improved
Hammerstein predistorter which consists of a lookup table and a filter matrix is proposed. The
proposed predistorter can describe the inverse memory characteristics of a PA more adequately.
Simulation results show that the proposed predistorter can effectively reduce the mean square error of
the system, restrain spectrum from expanding efficiently, thus achieve a good linearization for the PA

with memory effects.

Key words: memory effects; predistorter model; Hammerstein predistorter; filter matrix



