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Abstract A theoretical analysis of designing an acoustic back-scatter system for observations of sus-
pended sediments has been made through a sonar equation derived in this paper. Some formulae and
data for reference in determining several main technical parameters of the system, such as optimum
frequency, sound transmission power, aperture of transducer etc., are provided. And some key problems
on the acoustic observation of suspended sediments, such as data processing of a time-varying stochas-
tic process, compensation of sound propagation loss in complicated conditions and in-situ calibration
of sediment concentration, are discussed in detail. The results of the analysis could be helpful to the
development and application of a specific acoustic back-scatter instrument (e.g. the acoustic sediment

concentration profiler, the acoustic Doppler current profiler etc.).
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1 ARG ER

P M1 AFEEERPANER M AER. &
AR B2 5347 h B R B 0 — 26K 7 2 5 T 19 2 SR SR B A
1 Urick 41 | XS HMEXERNTF:
f—RE A EE (kHz) ,
r T — RS LR E (s) ,
c —KPAEEBEE (m/s),
T A=c/f —HEEK (m),
— BFRS M V-AREARERNSHRE LANE),
W — BN R KN ERHLER Y (kHz) ,
P —ERSBKHIIR (W),
SL —#¥%%% (dB) , BEFABAE 1 m LY
1uPa TERAE,

B —EEEKPEBNEREAEY (dB/m) ,
C —BERVHEE (kg/m?),

KR d —BERDEFHRE (m) .
Bl AEEFRPENERESHRER

EBEFHHR (1 > tn,rn = 7D?/(2X) B, HBERBB RV REWH L Rayleigh #H &4
(A>d), HEERH (C <10 kg/m®) , —# QTR GRIIEHEX &4, KN LZKE
KBHEEWE, SEEKPABOEEREEHRKOERERE. HNTH—KERNH kS
5, HEE r LW ERRYDEE Ar FROBNZEAES, WARESELDINE WA RE
Z T AR

T T N7 7Tl T 7

RL =SL-2TL + Sy +101gV  (dB) (1)
AP RBEEERBRUK
TL = 20lgr + Br (2)

7 AR )
V = §C‘T*f2w (3)

EABREREARBENERT (D>, ARERAREROEZRE T 4

101g¥ = 7.6 — 201g (?) (4)
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SL =171+ 101gP + 201g (%) (5)
¥ (2) ~ (5) XA (1) A
RL = 101gP — 201gr + Sy + 101gT — 26r + 207.4 (6)

EEXF, Sy ARMBRAZEZERY G [ SBEEE. REXEHRL, BREEABRIERV
AEBFRUVBH MY EEE—H, NESHHLEESSMA, MEDHTRRELFHYRE d NG
%, W

Sy =101gQ + TS (7)
A 0= c _ 6C (8)
TP AV T mpd?

AN ARABRERD OB, TS HBRANBR K HIRBRE,

- (AV)? {1 _r 30 e l)r}

9

TS =10Ig {
£ (8)f(9) Kb, CHBBRVHEE, AV =nd3/6 HENMERFHER, « M 55N
BRAKKESE, o Mo 2R AMBMKOERE. TR, TR /c=015p/p=26.
BB

TS = 8.8 + 601gd — 401g\ (10)
A 101gQ = 101gC + 301gd — 31.3 (11)
# (10) #1 (11) XA (7) B
Sy = 101gC + 301gd — 401g\ — 22.5 (12)
BAA (6) AB
RL = (101gP — 201gr — 2p3r) + (101gT — 401g)) + (101gC + 301gd) + 185 (13)

MNEFRLHTUMN, BRESHEBFRARE, AEBEEE 100 kHz UL Lit, HEgES
DL#R A 0 3, T A8 7 82 0 T 8 0200 1 g v M 7 LG T 00 R G B L s MR 75 4 25 dB ~ 35
dB . FHt, #EXBFBIHAZZRZRY AWM ARG, AT RS hBEEY AR SR E, &—F
FBAE. HRARM, RERBERERA

NL =170+ 10lgW (dB) (14)
B (13) XA (14) XTLABRIAH TR AR PR UM R S WM il 5 8 K-
RL— NL = (10lgP — 201gr — 28r) + (101gT — 401gA — 101gW) + (101gC + 301lgd) + 115 (15)

RL-NL B A%, NAT 10dB., AP HABE-IMFESANSHE, HRBREH RIS
B, f. WERD)RE, B=AMESHANSHEHUNXR (BFRY) HUBSHK (C. Jd)

RE. HRETRESY, RTUAE-NBESHEIXTEHNTARENER r HAKHHER
P,
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2.1 R B 5P E
BRERYAMMZE S HROAERERE 6 GRS @B/ ERE Ar RE. HEHRE

FE IR R ECA )
2J1[(wD /) sin 6]

b(9) = [ (xD/X)sin 0
PlohE (-3 dB) A XK AKRERREAN

(16)

6=59(A/D) (°) (17)

BAGEBRE Ar BE R K {ESHRERE 7 RE:
cT 0.75 0.75

AP AE c=1500m/s, B=1/7 REKMFSOHHETE, ELRELKOHERT, ANREE
Wbl s H W = B(LL kHz A 847) |
22 METEME

M (15) RATLLEH, FRESERABRNRE Is SERBAETIE N, ZH (Is/N,) REX
¥ (& RL=10lgls, NL=10IgN,) . HHEEHARHTE, WITHERRN BAEEN L HAE
ARAE. URFE O(L/Ny)/of =0 B, K f ARMARGEHBETHERR fo. HREH KN
R PREAH

IS —2ar  pd
N, € f (19)
AP ERIEH o B Schulkin-Marsh 20 X8 E:
= .107%. 9. fo2 . —G,f2 -1
a=4.70-10"%.8 W +6.75- 10 o (m™1) (20)

%W REXE, EXALE 1 MBET-IT5HEK f EXOWH. HBKEKE S X35,
BEX 12°C, f, =100 kHz B BETHEBRERY
_3.85-10°

fo= 7 (kHz) (21)

3 REEARHBEWTE

Ll ASSM UMM AL U2 6], x AR Ry F WE T AREARNE LW
T

3.1 MBMBEAGIT LR

BT R QS E R B4 E Rayleigh 2 M BNLG S, £ —PUNNRE T A, KW
2 iRl N AEREES, XHENK N DGRBS EERESHTF I RFSL4E (AT At
HEEATNE), SHETEX AR B PR IRBEBERER » 1477 ok (AW BERIm) .
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TEME AN Bk b o 00 RSB R] (N — 1) - 8T 7, P JR U0 0N B 5 8F B R K T ML 44 & B B /N 70
BERE Ar 7 1/10 B, ATIA4 MR FAEX B RA, BRERNES r, NERSPHBRRY
SEBH rm/Ar =128, WARLRAT 0.1 mm BB RUMBWEEZHERENT 005 m/s,
) S VE B Bk e N N = 12, HMIRIE A S ) O SR R RS HRE R A 1/VN .

BERUKENE ST AL RN BHMEILEYR, FTENGF - WEEY T SHORDEE
AR AT R LR, ABBRET - HitEERE BE - B CHRE
HEETANETFHED, MERFEFHHERRN M, SiH2ERRAE 1/VMN

3.2 Fie@m kM

AT TS AR T SR &4 THR AR, EEHKEA, ARY RS S & F UM
BERERDHEBHARMERORMRELRER, BFERVARSIROFAER SRR ESL
X, BMAZHABLREEMRY. FREY, EEE r LREN C(r) HBFRDH™EN
Ji& 1) 75 H R 4 1)

Is =k~ Y(r)-C(r) - &7 2%(r) - exp [—2 /Of‘ a(r')dr’] (22)

X (r)=r(2+7r./r)/3, Br<r, B, S(r)=7r, Hr>r, i,
TE M R 4 b B F Ui B 1 1R 400 K 0 R oR

F(r) = k(r) - *(r) - exp [2 fo a(r’)dr’] (23)

R k(r) WAREHRF, ERSARUKFGESSE (Pr,)) REE r RNBEFRUVVESK
(d,p', k") AR AR | (21) M1 (22) K, /B
C(r) = F(r) - Is(r) (24)
EFEFBREFRVAMALET F(r) B

F(r) = k(r) - rn(7) . g2alr)r (25)

EXERZER, EUREE SR (BETHIB), BREBLHRERARES BRI L. nfl o,
EREEIL M, BARBHENMELER, £—BERT, AEBTRKKNMLL I BRI,
MEEEH R AR (24) Xhn=1, ExHRX n=2 B | HFRPRVEERK, T& ofr) B¥
¥, B (19) KFTHEGE, BESBE. Fik, JE K0T IR kW 8 X6 R XRE TIRE.
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BEREREETF k(r) ®FENTF: KD RE— SHBIOKE, BREES0ZARART
FTHRDTFER, AT ERYEE C(r), KI5 BR LU LR R 5 7 5 8608 095 17 S0 B 3R
Is(r)(Bi A IR MR ) , RBHREET k(r) . 2R 5T M 3 BI% X 8 R
MG, 7ESCI AR M3 B A ST AN AR SR, B, RANM/NRIZRYENRK+H
B 1 2 U 3 RRORE M ML SR B A, AT R O R B B 8 (d, oK) 5 RANRY
POREARIR, 6 SC 00 3 AT G 7 3 00 45 5 I LA AR IR, R U 7 O k) R R R e
W LB ATIRGIR E A, 75— B3 M AR T K IT ORI 94T E A B F)
BO%E . BEEUM W B4 E RS ZIREATAR I, 24 /NI P A A 22 00 0 BCHE 55 R IO 1 SR 2K 52 0 9 1
X8 2N F 20 % .
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