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Statistical characteristics of convolutional codes in
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Abstraect  Supposing the existance of first reflected waves from the channel surface in un-
derwater acoustic channel, we studied the statistical characteristics of convolutional codes. The
results are that, since the decoding of convolutional codes is a deconvolutional operation, ihe multi-
path signals can be resolved by decoding, and can be aligned and superposed in some conditions,
then the error probability is reduced; in other conditions, similar results can not be obtained. The
capability of antimultipath interference of convolutional codes is similar to the resolution of vertical
sonar array in channel, and the multipath signals can be filtered by the sonar array. But the convo-
lutional code is the one easier to be used against the sonar array. Convolutional coeds are good to
resist the multipath interference.

—. 5l

KEEER—-ZE . ARNMNENEE. ¥ TKTEGEERROEE, BTESHER,
X ERHE T E, BRIEKEEEREREHARINEE, HREHESER G
WITHGRIT R, R B TR T S RBRGE T 4, B R — R RIVREE

ZETRP—RUEEMBRN— KX ESRAEZE, FRBIEX TR 24 I\

jflls



430 REER: ZBEEPSRBOET L 279

RN, RIIAFRBEHKEBRAO—KIHASIROTI, HARKE K=3, B n=
1/2 BERE, RIREFIREMR, BRI EREY, BERE bﬂﬁﬁ%ﬁ&$ HLF LA
H B — R AN B,

HIA RO S4BT DU, SFEARE LA X 0T 2 B B A B o v
BASHEE, ERERLT, ENBNREEETURSZRES, BENXF, E:i]ﬂ HEIR
EMREHIH— @T%E}L"F T 5K AR B B R

T IR EHR

RAIE L 18 F Pk A ZE R A0 Bk M B B o , S BE BRI BB (LR SR AWGN {38
BTSN RIRE, RISE, (S E R X

Nn—l1

OIS Xyh(s — KT __ (1)

k=—-Nn

Hrp 1/n REPGHER, N S%K%ﬁ%ﬁfﬁmﬁg’Fﬁ, Xy %k%ﬁ%ﬁ?:’rﬁﬂmlﬂ

BT IR, IR SRR RS, ERRMRRE T, M m SR w BERHR
ZEREEAY

oo (IX=XI\_ [ 1 X— X
Pa(m = m') Q( VN, )< p{ 2 2N, } @
Hih 0(x) RIBEEMK, N, BRBEEREDREME. FE ()X, N0
Na—1 Na-—1 .
IX—XIP= > > (xt—xofx,—x»“ ' (3)

k=—Nn jﬂ—Nﬂ

S
hyli= Kw h(t — KT)h(z — iT)di
= | oL H(e) e { —iaT (k= Do = hi-y ©

Hip H(w) :%Viﬁﬂ’ﬂ#ﬁ%@?i,I:.:%f“ﬁﬁi(?ﬂliﬂiﬁ]mﬂ’ﬂ@ﬂi}:ﬁ h; ﬁrjﬁﬁglﬁ]?&%
—BETEESR 1R~ EUREESH

1 X,=1, X;=—1
o= (K —X)={ 0 X=X, | (5)
—1 Xz = —1, X;=1
WG XEBRTR |
1X — X' =4 Z &ak}:n-l-z 23,‘&{_ ) (6
_k=-Nn :

EARGIEE, o R= &1%{3&31&*@%@%&0“& (6) REHWH. HTRBHES,
WA RBEL, AR ERERE e (6) KA (2) 30, MR IREMEERA

Nn—1

P£<3) < I e {— N (kost + 2 2 Sket—1 s)} : ' (7

k=N=m S i=n



1992 £

T
¥
¥
=i

280

=, BEFHREL &

AXBHEEENRR N EMREFERR, AEREENZREM. A THMARE, R
TIREBREEEMAENE —KEH,RERLFEH,RERTHE. Bk (6) X< =2,
RIAZBIE b R0 A

BRFFERFESHBEEY A, WKHEEXA b/c, FRMBEWSRNWEEREEX R,
2 FE B EROBERY Ry, xR T ER B ANR 1 5 — R BT B A0S B AR R 43 Bl 4

Ryle+bie A R .
H(w) = [ ——°S(t - -—") exp { —imt}dt (8a)
Ryle RO c
Ryletble
Hyw) = Lh: %’9 s ('z — 5;—') exp{—iw}dt (8b)
€ 1

Hip $(o) RERMERE, 8 EFENARN. HEXG

Ay b sin(wb/2¢c) { . ( o
(@) R, ¢ wb/2¢ ® 19 \¢

b e

Sl

T I I

EE BB REE ERRE 2
H(w) = H(w) + H)(») ' (10)

¥ (10) SKERA (4) X, W&

RO et
- 5, [1+(%’p)2]+su%3(1—&;—m), —f—>3~i:—&' (11b)
hl=3,%ﬁ(l+%) -i’-<'r, -’5~> R':R”—T (12a)
==Su(1—-2c—)(1+%°ﬁ)z %>T, {->|L:-51[+T (12b)

Hh S, = (;—;“—i)’fﬂgﬁﬁ%ggi&ﬁmﬂ. 7 (12) HRITAA T b HFEFHER,

BRI 6/c MUY KRR, EERHERN TXHEEZRLRTHE, £A—
—Fl,

M. SRR IRZERSR

BRBES REEROEETHRLER AR —F L 8 0 28 09 % BG, B
K=3, n=1/2, ERBEE—AS2N, LEHIE 1,
I | B0 S B E, SR B AMERE, TR H R AR EREE, A2, B o 2



4 3 AR £RENTERDN%TH SR 281

0+ 1
—=—1 |

0—=+1

1-=1

2R m%, K=3, & =2 4RENES ey

B2 n=2, K=3, £ =2 $FBMRERSHE

REBERT A, RE—&l, RI1% U =1{0,0,0---0} MB@AHERNOBE, LET@EEs
TERERENN 4, i 4 BRE (7) AXFPTREHRE., B2d 4 SABHRER
exp{—e;}, o; MR L
HE 2, BHEN 16 MREGE, LB RS HE, SR IHHENRERRE T)
T(l)=0O/R (13a)
O = dy(dyd,d,] + dyd,ded 1 + ded,d, dyd, P [ (1 — dys1))d, (I3b)
R =1 — [(dyd\d,] + dsdyyded;]* + dydyydyydrd; [ (1 — dy51))(d, + dy/ds)
+ (dadsdlul + dsdndsdnf: +.dsdlzdudrduls/(1 - dlSI))dS'/ (d4ds)]
MRREENSSEERRARBTRARE | AN, REET 1 5, £E 2 FARLKKR /KX



282 = 2% & # 1992 4E

o ALRERFEHTAERR

p& < a_T_(f)_ (14)
or |l
SHERNERES
D’D}
P, < . (15)
* = (1 — D,D, — D,D} — 2D;D})*
FHrh
D, = exp{—hy/Ny}, D, = exp{—2k,/N,} (16)
F1 oo A
i o; i o;
1 b, _ 8 (2he + /2N,
2 (2hy + ky)[2N, 9 (2h, + 3k)/[2N,
3 (2h, + h,)/2N, 10 2h,/2N,
4 (hy + 45,)]2N, 11 2h,J2N,
5 " (ho + 2h,)/2N, ' 12 . (ko + 3h)[2N,
6 Cho + 3k,)[2N, 13 Che + k2N,
7 Cho + 35,)/2N, 14 | k#2820,
15 ] Cho + 24,)/2N,
. O B

ROV RGBT THETE. E—mEEE (1) f1 (122) HRER, KHGT
£ PR B BE BE LB/, BN T EDR BRI T 48 — YR I S M et ) 32 , L 950 5 D RO R (0 DRI T bk
BR, XHERRETETHETLEEETFR. ETREEBH (b)) 1 (12b) HRE
R, BTG AR SRS A M K, B AR R T K B R R 2 — YR R A b I R ) 2, T LR
AT @A 2 SHTENEERT 2R, SHELRETRBTASRBTZAETL M4
T Tk, -

KT R, RIVEEERELH R = —0.1, ~03R10.1,03, XpFLEHA
B RER, GEREEAER, ANWENRFIEERIDES RIS YR EAYELSENE, Xk
TR AL I TR, . \

B3 BT —FEs, #=—0.1, —0.3, HETL, g=—03 Ky P, AR/ TF
g = —0.1 BH{f) P, XEEWNBHLREE>—, 783 WHE T, BTHARESX, B
e A B B B R LIS B O N R G 2 — WK R X 40 T, FHE R R A 57 B N F) Bk
Pk, P, ., XMAEEERHAE~EEK, CEEBENASBE, BXSEKERN
RS, RIG G E BIFHB NS EAR L, k#E P, ke, EXFEERT, BTMR
R E AR R, BRI ER M REERENLS &, i REHLY BAEER A, FTLILEE
BRI R 3 ot g, 1 3 REEEBLAE TERBNEITEENRE. RS,
EERTERGHREE TR R 5.



4 1 KUK ZEEEFERBAOSEITEE 283
L B=-01 (@ —1[— ' L=-0s ®) .
- L T=2 - F =2 '
a, a,
g-sp C, g -
¥ B Y 5
= ' [
]
_7_ _T_
i . i !
PR SN DY SO SR AN MY SRUN MU T S D 4 Y S T Y N SR | 1 L
3 9 15 21 3 9 15 21
{4 kdB f Lk dB
3 n=1/2, K=3, & =2 HRGIREHRE, BTHORFEELLESE, T =1c/b
~1} £ =—0.1 o —
o ) —1F B ==0.3
"o T=0.8 ¢ T=0s
ﬂ: -3t . R=0.1 f-;; —3t . ﬁ___o’l
. .:i
g -_5_ - “ | .
e —5
s B o * %
9 —k .
o v e -7t
PEEE T A SRR B I 1L |
3 9 15 2l P Lt
{iM tdB {54 tr.dB

4 n=1/2, K=3, & =2 HRBHREME,DTOMMEERYE, T =Tc/s,
R =(R,—Ry)/b

T 4 L, ER T ERE MR, B f= —0.1 f1 —0.3, HERIMIUEE, £

Eemet, P, B, B4 REGTHRPEERAOEE, BTAFNETZEHTEEME
TFHR. XA A RNEEM, BHERASEERARUR S ERRR AN 5, X

1A 8 IEE AR, Py BT,

Lk 3 R 4 Ry Py Y, RiE LEMTE3 R P HAHBETE 4 By Py, %
FRIEaRanth. 7B 3 BONETS , OTCROBK MR BEEE 28, TR R R, EE 4 AR, FSICHUBKME
BE TR, TR0 BE LI 3 rhiOis R K185, R A XA ER, B 3 J1ay Py LU 4 PR

%,

BAE = 0.1, 0.3 BT HEWE, WHRE 3 1%k, =03 K9 P, UE
T p=0.1 W P XE5E 3 % RELHER, FPENFREBZ2ER. WHE 4 %
#, g=103 K P, /NF g=0.1 BtAg Py, B B IBMEEFHES, Py B/, X5E 4 BIRAA
A, EEKEER, REENfREME, BB MAOEREEREMN, Py B/,



284 HoOO% %2 g 1992 4

AR THEMEL, SRR TERBRSZETRNDEAR. SHENROLIEE—
WMERLE, EERAAG T, EMNZ BN RO TRBEHER. EOERLREERER
WA E AR, BT BRI B B B RO R R R, E RR0E 5 T L3,

AR ET F R B EEREAR, E LR E.

2 % X M

[ 1] Salaiman, B. Glavieux, A. & Hillion, A. “Performance of a slow frequency hopping BFSK system using con-
volutional coding in underwater acoustic media”, ICASSP 88(1988), 2721—2724.

[2] RER,“FEHMHAEED FSK SHBMGEIHHE", FFEFER, 16(1991),No. 6,401.

[ 3] Bragard, P. & Jourdain, G. “Adaptive equalization for underwater data transmission”, 1CASSP 89(1989), 117}—
1174.

[4] Carmichael, D. R. & Dunbar, R. M. *“Adaptive estimation of an underwater acoustic channel” Proc. The Int.
Symp. Unmanned Untethered Submersible Tehn. (Washington, D. C), June 1990.

[ 5] Viterbi, A. J. “Principle of digital communication and coding”, (McGraw-Hill Book Company, 1979).

[6] Tolsty, I. & Clay, C. S. “Ocean acoustics”, (McGraw Hill Book Company, 1966).



