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Adaptive pulse shaping design for FBMC/OQAM system
1n underwater acoustic communication
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Underwater acoustic channel is a time-varying doubly dispersive channel, which will not only cause the
time-frequency spread of transmission signal, but also cause serious loss of information. Pulse shaping design of the
FBMC/OQAM systems can reduce the inter-symbol interference (ISI) and inter-channel interference (ICI) in
time-varying channels, therefore is more suitable for highly time-varying underwater acoustic channel. To avoid the dif-
ficulty of optimizing the existing methods, a fast and reliable pulse shaping design method is introduced, which takes
advantage of the statistic characteristics of time-varying channels to optimize the Extended Gaussian Function (EGF)
for maximizing the energy of the desired signal and adds appropriate protection intervals between symbols to further
combat time dispersion. Simulation results show that the performance of the proposed adaptive pulse shaping design
method is superior to some other methods, whether in algorithm’s speed or in system communication performance, and
whether in frequency mildly dispersive channel or in frequency highly dispersive channel. The error rate of
FBMC/OQAM systems is reduced by 2~3 dB.

Key words: underwater acoustic communication; FBMC/OQAM system; time-varying channel; pulse shaping filter;
extended Gaussian function

0 5 5

1E A2 #5143 & F (Orthogonal Frequency Division
Multiplexing, OFDM) HH T~ B A Ak F #3945
AR AR AT PRSI, RO S SR e K R A

ks HEA: 2018-01-26; &= HHA: 2018-03-08

HEEWMH: EXREARIEESE ATH (61531018).

BN EIEFH(1992), L, ARk, Wi+, W7 R K AR
&

BiIREE: /¥, E-mail: fhh@mail.ioa.ac.cn

FREN WK NAEEE, BT R EREERE
/N T F R A R T, R AE R RS 215 2%
7R () 2 35 A L e 28I A5 (1) 2 3% #h5i KL
MEYL, BN SRR EAR, R A
R HI SR « B & 1 800 iR,
OFDM 4t 1l A5 VEREKs ™ B TP BARTEIA AT
(Cyclic Prefix, CP)) 5| NBFAR T 23 8N % RS/
S, ARKFE (5 I E AR ROR, W E L
HEMHNHEY, 1§13 OFDM RS HMERNEEM
WAF IR R Z A7 JE AR R P Bt K s



1M

THILT5 %5 : FBMC/OQAM /K IBAE FR 4Gt 13E B e B ik i 15t 1 33

GIERIE A, BASRER RS AR AR EE A
T IRk 55 o T R 0 U 2 4H 2 480 B R (Filter Bank
Based Multicarrier, FBMC)3Z 3| T #% #h 5 iE0 .,

N T SRR AL 4T OFDM R G520, SCHk
[S]ESE i@ 7 ARH I s Y ik o i) B AR, ax B 4k
OFDM % #0315 R4 4t — PRI A 20 2 BB
Ro 1966 4, SCHR[6]E Jedtth T &M P I i 4
5% ik (Square Root Raised Cosine, SRRC), HIRTE
Y HUE T8 T 12k v 5 U I A 20 2 a0/ A A
1EAC M FE i #1] (Filter Bank Based Multicarrier/Offset
Quadrature Amplitude Modulation, FBMC/OQAM) %
GuiiEEYERE, (AT HA A R 50 R 8RR 1
(Time Frequency Localization, TFL), K| it DAREAR
PRI AR5 B R N9 . 1995 4, M. Alard
SEPR W — PR 1AL e, RN & e R M AT AR
% (Isotropic  Orthogonal Transform Algorithm ,
I0TA), %A FH 1E A8 5 R AN A2 2% 4 i vfe
T e BOEAT 7R A . TOTA ki S
R RE T R I B A PN AR A IR, B A
B TFL FRPEAN A il 5, SCER[7]45 HS T I0TA
MIfgpT Ik, FRVEY ) = i iR 2 (Extend Gaussian
Function, EGF), #falih, M a =18, EGF Bt K
I0TA. 7 T B KR LI/ NAF 5 8] T (Inter-symbol
Interference, ISI)AI#K B TF$(inter- channel inter-
ference, ICI), SCHR[8]4: A7 ERFYEXT BFG Ak i
¥R o AT, 7 FES BRIk
MRS IR & NAEE, (BARET, WHFHE
ERIREE S, FUARIR keIt 2 0 BUEE
IR AR AL

SCHR[9-10148 H, 224 3 204 Ik v B4) B A3 T 5 S
PrA% 115 18 B ECH B BOR DT BT, JEHAEX #™
HEIES, {5 T Lb(Signal Interference Ratio, SIR)
AR 3~6 dB. ALK, LT KERT FBMC
(3 SR SR Bk e B TE . e, SCHR[12-14]
AISCHR[15]73 B0 B2 7R K BF (Hermite) kb« 5 ¥ ik
MEAT T4k, SCER[16)@ IS 2 R A g BT Y
%Y 58 45 B33 (Short Perfect Reconstruction, SPR)
JEE A . BRI TRk T FBMC 2411
AEVERE AR SRR I S A S R AL Il 85 ) SR i
SRR R, ME DL S R R R . BT XX
)R, ASCHRW T —Piod A I AR E TE PR BT R ik
M7, ST ER B A S S B TE R R
£, DA L5 2 AT N EGF Rk st A7 %
Th, FEREAE B I (B9 HORE FEAE A 5 TR DN 24 (1)
TRIFERE, B RK T 2@, ST RS
MG SRR ER KA T s ME. M4, AT

FIRARKHUWERE, AXHH T
FBMC/OQAM F G P SEHL T 725 SRR IS B
SRR, Pk i s Bk R AR EIE N A
Rl B ETERe .

1 RGHA

1.1 i &l
FBMC/OQAM Z 4 {1345 H i MO

s0=3 3 a Il (04

0 T
+oo  K-1

> Y @ [, (1) )
ﬁ\: I:':[ ’
0,0 =1" e (1-n,) @

Hep, a [n] @ XCRE n MRS 38 kAT L
S ECEE, IS5 & [n]) 5 o [n] TS TG
7,=T/2 53 FFA& 4, IX PR 6 77 PR 22 4 IR AR
£ 1 fiil] (Offset Quadrature Amplitude Modulation,
OQAM), T# MG v,=F, T F 43%|’8 OFDM
RGEFT S IAIRR IS ARG, 2 TF=1 i, WiR%
BAMERE IR, () FomBBk, KT
WHAE, XTGBT % B, K=B/F,
1.2 IEXM

FrRIEAGT s (1) I HAR G, N ATRAEAE
T, BRWAE S r()=s(t) - X T Ths R (n', k)
HIFFS, a,[n | T r(0) 5 @, (1) FELBIL A K
A RIS, R

&k’ [n ']=<r (t) s Py e (t)>9; =

Y Y anle. (.0 @0),

Hrp

(0400, 0), 3[04 0.1 (0=
+4,(n—n")7,,(k=k")v,), (n,k)=(n",k")mod 2
0 , (mk)#(n',k")mod 2
“)
Hr, R{} R, mod2 Faxt 2 BURHL,
FoRILHE, B EUE SN
A, (T v)=[ wp(t+2/2)p" (1=7/2)e™dt (5)
AN — ek, R AT IR 5 1 R AR
(n'k)=(0,0) , M@ TLLRI, HA FEHN
(n,k)=(2p.2q) » p,qeZ(Z FRBERE)IFT T4
AR RT 58 T, H P8 B B e T 1508 2R 3
A,(t,v) o #5 4, (z,v) TS, HAFSAE,



34 B

HoOR 2019 4F

Al vy K, TR ARTE 70 2 [ AT POl o 24 B0R) R

Heii 2
{1, (p.9)=(0,0)
Af/’ (2p7032qvo)_{0’ —;H\:’ﬂij, (6)
R g, , ZE ST (E221.
13 HEEETHESHER
HWH KA EET AR AR Z @GS, #RIE
155 L I A2 {5 16 (RS e A B REN), AR 5
jg[lg]
r(O)=[ h(z,1)s (t-7) dr=
” H(z,v)s (t-7)e”™dvdr (7
Hofr, h(re) Rox A5 3E 0 o B N
H (5,0)=[ (o, ) #"ds . ABAC S AR 79
dO [0]2610 [0] [0’0+Z{n,k}¢{0,0} ak [l’l] [n,k (8)
Hrp,
I,.=j" ” H (z,v)4, (nz,+7, kvy+v) e ™
ejn(moﬂ)(kvuw)dvdz_ (9)

1.4 HMBEFRE

Fig — MU R BRI R A (51 1815
PERE, W RGO A0S T E R
NS, B RERT S A EARL Y, B 2
E{a,[n]a,[n"}=6,,6,, » WHHETFLATRRA

Ry=03/of (10)
Hrr, ol of RlFRIREGE SR EMT AR E .
TR PR EAEM LSS (Wide Sense Stationary Un-
correlated Scattering, WSSUS){E 15 T » P> AN ] B 4
HBRRS BRI A5 5 A2 A SR (— R K 75 A5 5
LA, TR TE RS BR B S (7, v) EAT &AL

H(z,v)H (¢,v)=8(z,v) 8 (z=7") s (v—v") (11)

HI T Bk RR L o (1) W6 RSB AR IR A, DRI AR
PEL A, (z,v) RESLPREL. % FEF] FBMC/OQAM £ 4t
RAFESS T, ol Mlof ik N

oo =E[ % {a,[0]1,,}] |-

”S(r,v)|A¢ (7, v)2 cos’ (mvr)dvdr  (12)
o7 =E|[9 @ [0]-a, [0] 1, | (13)

1.5 HRZI
XIS — 55 LA T, =1/ KF AT B HORFE
(BRI,
s(mT)=" 3 P al [n]e™ o (mT,~nT)=
(X el e Yo (mT-nT)  (14)

FH T A8 ¥ e AJe {8 BL AR H(Inverse  Fast Fou-
rier transform, IFFT)Y ¢ (n) 4L B A0 1157 45
B, R AT e SRR N IFFT, 285 S5kt o (n)
., AAERASLIRENE 1 R, Hd,
o (n) FIBBTIX 78 ne(-LK /2, LK /2), L jeEBH
Fo SICERIITIANFEIR A, ARSI H] TR R R
FHIHIINET, X SEHOR R AT Ab 3 5 BB AH I,
A FRa AR E KB METY,  SEIEEOR B f R

g
il
L
e
g
il
L
e

jemkn)

1 OFDM/OQAM ilifZ & 4 S IUAE
Fig.1 Implementation diagram of OFDM/OQAM
communication system

2 &N RSk T

2.1 BTEEER

BT KA AR FEEERCAE &, NRE—K
P, ARSI I AR AF TE BN R UK G 2 A2 {5 TE
22 ML (1) Delay-Jake BRI, JHR|HIE TR RI&
Ji AT WSSUS (518 @ AR, 52 bR FH B A R
SR} £ /177 T 308 A5 2R 30 AT B R AR i ) sz ) Y
715 EHERAS /K B TE R B, (5 1E 2
O % LM, HhE&ER ¢ BAMOI L)
B f, R AE 7, 5 R PIFIE M N IR R 4, BER SE
TP, R (S A OE

h(rt)=y 0 A5 (zr,) (15)
Hoh, Bz Sy TS, Ho v, (054555
96 2 I S T S Jake B, T 30 B BR BT %
T~

|2/ 7o 1
S(z,v)=——"8 —
(=) Ty (1€ ™) f \1=(v/ £,
0<r<z,, M<f, (16)
e, o, NERRZIBIAE, [, N K ZEEH,

BRLHRER TR T, =7, /4.



1M

THILT5 %5 : FBMC/OQAM /K IBAE FR 4Gt 13E B e B ik i 15t 1 35

22 EHAB RO B8
AR EGF ko, Rk N

1 P
ZH,V[),TU (ZL)ZE {zp:o dp’a’vu[ga (t+k/v0)+
g, (t=k/v, )]}.a’l,l/a,r0 cos (2nlz,) 17

i, vz, =12, g, (0)=2a) e™ , o RwEilH
T, P=14, BUERE d ATRIESCER[17].
2.3 BYSUSIEE(Time Frequency Localization, TFL)

HIRO) AT AT, fERAREIE T, Z8IEERSR
I TP R BE 3 AR T {5 38 1 I A R
S (z,v) 5 Ak I L A4, (7,v) B9« DLRC”
FERE. — e, R Rk () B A0 =y 38 W P v AR £
(Heisenberg) Z HUEAT &40, MR8 AR A & &
o, WHRESHNERELHN

&= 1 <1 (18)

“4noo,

S
HA,

o;=[ (=T p(t) dt/E
o =[(r-7 v () dr1E
T:It2 lp(¢)f dt/E
I=[rw () drE

(19)

wUFﬂﬁka%nlﬁUjW@ﬁﬁuam

o, 5 o, 73wl R K B I ] 3 BORE BE A
BRYHWAERL, M BORN, Wl oo, BUNN, B
EDRA BR £ 1) i T AR PP R P IX 3, T DAKE i B
& RO HE TE 51N BT, RIE RGE T
M, BACS R m TR, e =1,

WERELRS 0, . o, Ha KIKFR. R, X
FARM o, TEERFEHNN o, Mo, , I
MA LA R %058 o, . o, 5a KIUE
k. S5ICERSIAFM R, HEEWEn=0,/0, 5
a MRR, HSEEIATILA n=T/F~t_/f, ,» %
S AN AE A5 T8 U R B S5 T I B 3% 5 22317 880y 1 1)) ofe
AR A AL, T SEBRK 75 A5 1 U R 08 A DA
FIRETREIAT RIS, R A S 3 B — 5
BU R, BARE AR w=Ne) iR, A4
mE 2 s,

o,=B'a o,=Bia (21)

L,

\

' =[-0.0047,0583,-0.2847,0.6934,-0.8707,0.6924]",

a=[a’,a',a,a,a'l
B
Bf =[-0.0015,0.0185,-0.0841,0.1615,-0.0136, 0.2044]T R

0.55
0.50 F 3
045F §

$70.40

[={

s 035}
030}
025}

0.20

E2 o5 ot o Z0HHHLE
Fig.2 o, or o;versus a

2.4 EHIREE L

R a(10)AT %1, SIR M Rt — et
AT, KA+ B 2%, T H A 5 BN R AR -
ARSCHIKIP A AR XS SIR 730404k, B e R4
AR IR REAT RS o) SRk ot
I AR BTG AT of /b, B Ze R4 SEbpfEiE
W€ v, » BT H vz, =1/2 BE i 7, » SRGFEAHSBAT
SR RE T, DAt — B PR (518 5
ANIFFS T AT BRI of BRIARACHERE, Inpeis s
PERZ K F SR . o] 5 v BN, BRI
TR

4, @) =loOF [1-4n (Vo7 +r07)] @2)

¥Re)AK(12), #

max {052} =max {” S (z,v)cos’ (nvr)-

[1-47°(V'o; +7°07)]dvd 7} 23)

At HARs54r T
min { H S(z,v)cos’ (mvr) (v'o; +7°c)dvd T} (24)

BRCDRAR©24), TTHEEIHIF 5S35
a MK FR. ST EN WSSUS 518, Al iEEEL
1k B ¥rfe /MY o /£ 8 EGF st S 5.

3 fE4E

AFR KR Matlab 4 LA X% OFDM &
FBMC/OQAM 15 R4t AT 17 3, 14 B 55 Btk &
WIBE RASHWNE 1 Fiax. Hd, FBMC/OQAM
RGP AN EBIEMIH N=10 MRS R, MiETE)
BE—MIGFFHTEEMNT, St aiER
/N~ Fe(Least Square, LS) /7%, FHAEFRlumnt
AR SHAT A S R TR EEIE,
TEULIEIRE F 98N 0T LLREAR 2386 R G2 0,
SR TF=1 A0 TR K, BEE T I K se



36 I

EAN S

2019 4

25 NECR A mEAR . 2 8 3115 18 R0 AT RS 2L
RIXPNR K, BAT14 F=16 Hz, N[ T=1/F=62.5
ms, 2 ASSIE % B=4.096 kHz, N T{5iE%H
K=256 . A 3 F E W 5K H A [ R A Bk )
FBMC/OQAM Z Guh} I AR5 T8 PR IS M, H 5
&4 OFDM R4k, BT EGF ki, bkl
M52 CaR[18]. WTCHERIFE B, ASCRAZ
RS0 WSSUS fEiE @™, —AMEiEHE
B 0=6 %L HHK, N2 RENIEM
A=[1,0.42,0.28,0.14,0.07,0.02], *tEAMFIEHAT 50
A B3
1 BEZRGSHEE

Table 1 Parameters of communication system
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Fig.4 BER versus SNR in frequency mildly dispersive channel
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