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In this study, we report on the technique for the measurement of the Acoustic Backscatter Turbidity (ABT) with
ADCP. We first describe the theory and mathematical model of sound propagation underwater in detail.
Subsequently, we introduce a generic application with GUI to calibrate each parameter on this technique easily for

everyone.

Finally, applying this technique to the ADCP measurements in Dam and Ishikari River, we verify that

this technique can accurately extract turbidity data from echo intensities measured by ADCP. Since the results of
ABT calculation are in good agreement with field observations of turbidity meter, we confirmed this ABT technique
is effective and robust for turbidity in depth profile. This technique is not only extremely useful and also superior to
an optical instrument alone, because it enables an understanding of the vertical distribution of turbidity by a non-

contact instrument.

Key Words : ADCP,ABT, &/& 574/ VisualADCPtools,

1. [XCHIC

AHCIE, ADCPOREE I SR A S U 7S H
FHEZOWT, BT Y V7 L—y a9 ARBERIEL
THEORENTEET 7V r—a ER3 L7=DT,
BHBFEEZ T o iR E AbE THET 5. ADCP
(Acoustic Doppler Current Profiler : Teledyne RD
InstrumentfH8Y) (FEEW D N> 77 —hR a2 ISH Lz
POEET, RROFERIE, OfhE (b LIIKP) ZE
OFEFEET v 7 7 A VBSFHAITCE 5 2 L, CENE
DOFCRZEF I FHIICE 5 28, THAH. ADCPILE
FEOI R, I - PEAIRIZ RV C, WA FHRIT 2
VLl LR R LTV, BHITETIE, 16 L
VEREZFIF LRI | oD B i e 2 FR 3~ 2 JEY A3 I
LoodH Y, ZIVETIEEDDIeh > T-dokBIIz B
THIEH S UAD TRZ. 2 2C, ADCPIZ X Akt
BUANTINZ T, WIROMWBEES3SCSSD T T 7 AJA[RIRE
(ZEHAI 2 Z EDVATRE & U, KRR TRbEhRE A4
BT 2 LTI TE 720 5 5. £, BRI
[CEWRE S QO DADCPEFIH L CBE 2R 5 2
EINTEIUL, BT 7elasie& %2175 2 L 7o e =
B TR ST D Z ENEREL 720, B
HidEo.

—75, ADCPORBE IR SURTREL ) DL 2 kb L A
T2 IFEZOWTFENATH L L O THE ST

BY, ZOEMMEHIBHGFHISTHSD. LavL, Bk
TIE—HOWIFEE D BEDIRT 7 1 7T 2% AV THGE
LTWBEMTHY, I TE H2RIUTITE-T
WRV, F T, ADCP— N SN IR~ DA %
1THZ LKL T r—a AL, BIHEEE
#1070, ZOT 7V ir— 3 0%, VisualADCPtools
LW HADCPT —H il « BEa—U—Y 7 hDA T g
gReL LGt D. AT, U7 7 r—va
VEENT DT U CORARN R B IE A s 2 &
EblT, BIHFEEHERICOWTHET A DO THS.

2. BEFRFHEAE (ABT) OBE

(1) BEREFBEERE ABT) OEH

— AN B COWREEHAITE L LY, Yol &
ZRHIS 2R e, R RELRE A LTl
B2 FRDMFET D03, BUE CIIHE D IHEFEDO S S
R COW M RITERIN SN2, AR TIEEF
R L TIBEICOWTERT 2D LT 5.

SRS T Optical Backscatter Sensor(OBS) & (T
nHZENn%L, ZOFAEIZOBSdatad L < I,
Optical Backscatter Turbidity(OBT) & FHEN TN 5. —7,
B CRENI DM 4, Acoustic Turbidity(AT) & %5t
T B —ARNERINDD, NF ik il TRt
L= A#0BT & Kl T 2D ThHIUSE, BE %Il



J5 K CTH M U 7= ¥ E 1L, Acoustic Backscatter
Turbidity(ABT) & 81 L 7= 5486 L Lo v, Z vz,
A IS4 T i =R L7 2 ABT & 3¢
Bl 5. 723, WEFMClFAcoustic Turbidity Profiler & FEE
NWAOBEW CEEDT 1 7 7 A VAR 2 RO
HIRTESNTNDD, A TR L Cixdh< £
THADCPEFIT 2 = & 2RiHEE LTW5.

ADCP GBI ZFHAIT A A U » b & LTI, LRl
AT O BRI, Feplsiias 2B 5 2 L WE T m
77 ANOFHANERED Z L THD. £z, ADCPLIA
FRIZENEL (b L <K o717 7 A VEHARCRTAEST
O ZER AR DSGHAI T & B 728, v ZVRA vk
KT 2 Z ERREETH - T-ZBOERESD
ERIREEL 72D, FTz, PR & [RIRHCEE DS EHIICE 5
7o, W7 T v 7 ZOFHFREE D T L, BLU,
WEN UG SRR 7 ADCPELHIT — & 24~ C,
FEEAHEE T 5 Z EDNATHEE Z2dUT A U > MIRE .
(2) ADCPIZ & HAERTAIDMEESR

TRDIf1:1, Principles of Operation A Practical Primer
(19964F) 2 DHITC, SCHTREEDS K PRI & FHRES
HDHZLEERBEL TN, £, EIESHHE~OZE R
BRUCIE, ARSI, S8, FTUAIy boRU—,
HEUR R A BBT D EMMETH D EIRITN D,
T3, ADCPTHBELSFHAINIR D & ST fe) OARHAL
ThhHH. BAETIE, TRDIZ AT 5 WinRiver <2
WInADCP73 & DIEHE Y 7 N, WELSREE 25 28
RENEEIN TS, ZiuddH < ETHHEZE LR
HIBEELLOTHY, FIEEEA~OLBI Y AR—
ENTELT, FEMH TRV, P.D.Thome” 5131993
ARSI OO SR REE > & VAl B & L3 2 R
RAEFFLTEBY, TRDIHOKent.Deines” 1%, ADCPD
N7 ARy NRFED DR TRELRE & FE T DB,
BEAR R PEIZ B9 2 3R 22 80l L AR — R Z TRDI AR — A
NV ETAE LTS,

WM ClE, EDRLALFR K OSKEAquaVisiont: 7z E73
ADCP7T — 4 ZAlio - IER N Y 7 M & pgHBz L, Ik
FELTWD. L, lis235EEE7 e 9 2 ICHEEDIERIC
JEMET, VSV boTIEEN. ENTE, fRE?, I
PO, BELD, WGHEY, HH SMBICT LY XAk
RIEL, TORMEEZFIZELCODED, WL EHD
Tu s I IV THREIRD O THY, JAL —HRITFIA
TEBHT IV r—yar OERNLEEN T
Q) NI 7 FOBR%

ZHLIEEEEITT, A Rev AT ABFET
13 Visual ADCPtools & VY 5 ADCPDT— Z W Y 7 =D A4
TvalkEEEL LT, ABTRMFEMEREABRIR L7-. Zh
%, FHFLICL o TR ENTT AT ZALZHNTE
D, EBAEEEDOX Y U T L— g 07 — 2 &R
BIATHIZEDTEL2—T 4 VT 4 —ThbD.

a——iF, B CEET—XZESL, 2oV 7 K

THy U 7 —3 2 AR TEIZRD 5 2 &3 HkS.
FHEE L DX ¥ VT L— 3 0%, $ET a7 7 AL
ERERYIT—2 ORFIZHIE L TEY, ZnbaE0fH7
% & CEAEE L OBGHAmD D Z RS,

2. BT¥+)JL—>3> Y7 FOBE

(1) ABTOHEH A%

FEEI D K R OIRE S 4 7o > CRURT BRI, &
PR IC > TR kAL (Backscatter) 2338475
2%, ZhuE, EEEOSKT A EET DB U A AKBRIC
X DIEARI & IR, TRERLC K DRI, B
DPLHEL + FRAERE 2 & OB %, THE ORI Tl
5. Fio, BHEIC X DI IITB SRR EoORE
SEE LT A% 1T %, ADCPIZZN G DA}
TR L U CRETRE (Echo Intensity) 2355357,
Z DFHTREE (count) I X EAI A SIRE AR LIZETH Y,
BT AR E T AL 2> TV D, Hay "o
Thorne 513/ YV AR ¢ OF D KFITHE SNBED,
THTEREEC L 0 BGEL S N D TREE & PHiE R e s
M & OBIRRE RN KD, FEHIZRSE8RT — & DHUS
IR VEBRREHNL LT, ZhinvWbwsd Y F—oRt
FHIN D EARNTH Y, AHTH ZNEHNTWD. F
72, ADCPTIX7 a7 7 A VFHAINFRETH 573, &5
TP O HGELSRE 2SADCP TR & L TRt S b
B2iE, ADCPA»SHEFTP £ COREBME DB D FE
EAERIE T2 Qo3 5. 20z, ADCPOFE—
BUAED CERINIREART L, Tivd O CkRoOBH
JEOAEZ RDDVENH DT, HiftE VT2 8
DR THD.

(QMBTEHE7 LI XL
ABTOFHFET LT X L& LI FIORT

DEELEE ED) Diniask
BELBRERLT Y F— s, () TEbEns.

El =SL+SV +Const —20log(R)-2a,R (1)

E= HELE (dB) , S= FHEE dB) , SIE

K- O%FHEL, o FKOBUREL (dB/m) , &7

VAT == 5O (n)
QFBEERE (M) OEH

ICRBREIR TS, ERAE L REREIR I OBIRIZ DN T
ria e ZE L= Q) TR Tx %,

Z 2 CIREE DR B L ADCP N T AT o —H—D
TR T A—2 L EEND.

a
M(r) = (K <Py > Ir)2—< 2)Ps girtasa) o)

(1)’

U=t (FF 2 AF a—H—500EH) 12BiT5
BE, ENT VAT a—YV— |l 5, PR



PELTREE, a=hifs,
a FTKOWIRE, o SR F-OWINEREL

Q) ROWpAOREAE L B L&

IleO M (r) - 2|0910(K <P rms > I’) + IOglO(asps)
—2log,, f +4r(a,, +a,)log,, e

=2 Iogm[ fs Prmsj +4r(a,, + a,)log,, e
+ IOglO(szs)

_ s{loge[r&f‘s Prmsj +2r(ay, +a, )} K,

(- S=2log,e , K, =2log,,(K?p,) = const)
=S{dB +2r(a,, + a, )} + K,
( dB = Ioge(r?S Prms) ) (3)

S BIHEIRE, PR O LR,
o ROWIURE, o B FOUIUTE, K=FF>
RAF AT

QkDRUUZRER (o)
KB K B EWH ORI D A T = XL, IKORGE
EEMREIZ L D E S BPE T O I K DREFE D B
,%%iﬁﬁf%évﬁwfkéﬁ,miﬁﬁﬁﬁﬁ
L, #oKICEEND0EOHEIIC L VIEZ 2WINEE
f‘fﬁ“éz ENRHDH. = :ﬂiShukm and Marsh'’ 3 L O
Liebemann'® DA V-

4)

f [186Sf, f 2.86f
a, = +
91500| (2 + f2)  f;

a ZKOWIURER, AREEE (WHz)
MHz) , SHisy (ppt)

b IR

1520
2734T

ﬁ.:219x10( 5)

F=7KIR.(C)
@HFIZ &k BiFEFEHREL (SAC)
B2 KB OWELRE (SAC) 1E, AFAIZ K VK

D HALHRLFPREM &R K DHEHES JOWI & VD
3ODBREERET HME N DD, Febob, BIIHAL

R L DY oy, &I o, DRLT-ORFICHRELT 2 2
ENRHBRD 7280, ) DX IITRESND.
SAC =M (e, +a,) (6)

a) RIFIZ & DHLARIRE (o))
I RRRRE E DMAE S D LIV E U 2.

o0 SSRITERRE, <HO=Ri T- DR,

ZIZTE, BAETOEBERBELS LA U —HELTH D Z
ENGFHETHS. LAY —BELOSHIEFA T Lo,
ADCPDFIE A H  (1200kHz (1. 2WHz) 72 &) , KD
H(1500m/s72 &), IKHEREE ORI D a <1& 72
AUTHEFFHN TH 5 Z L 3bnD.

o= _ 0 ™

AV,
A =R, AR MHz)
a<l L1 V—#il
a =1 I—H#A
a>1 Bt
Z DEME T UTo BADRL 712 K D IR o 13
Sheng and Hay™ @R, (8) TRENA.

V=HH (/s)

&k“af 8
Ps

0.= HFEE (g/m®) , K =0.18 HRifDJEAHHEE:
REEIBET 5 EEL

o, =

b) BT &k BRIZRER (@2)
BT L AU EUrck Y DR Tk H LA,

M k(o — 31: s }
a, = >
2, S +(0+5
o= __[ } ©)
Pu 2 Zﬂa

:4;aﬁ &a} [V}

o FRITEE, o FKEE, V=F®,
v, KIS T DR DR

OTHiiIE

Rayleigh HGELAENK & FE T A UTHREES SH 2 3510 DL
ELIREEIY, RO OEHER S sl O TRz L v
RESEHL, FEOZEREIEREIESABE L2
DIN/NEL BT EMFBITNA. ZORENT
Downing'® HIZX VEEMCTHINONTEREY, ERIITK
O oA ZHWD Z LT, THREEE IR D%
@% T OREIRE A IET D Z ENAREE 72D, Z 2T

d IFFEE A b FERO (AR) B A T

_ 1+1.352 +(2.52)*

~ 1.357+(2.52)%2
% nd?
Vn T

10)




@ABT*x vV~
L— g B

@R F e B Hlor B

W ADCP7 45

|_5-x)

[ @t —seaiia

@7 v T RN

eri-AATEE
ADOPIEERE | 6144

FALE 102 B fres—rly
) 24 < >
=250 | 80 O21-y-8=
RS 50 i Cal 788 | Cal TAF | Col 15371
BEEE W omo *E
KARIRER | 105 | ¢ y [ s w0 15 20 'EE N EEE
ELLd 8T (=) (:
AT (m)
LAY —RERE | 188 | < - o s i 15 20 PR T
g (o] s : A =
[ e
WAL 12 < » :‘: (EJJE ABT K - Jﬁﬁj\
BFEum [0 | £ > %6.0 & o= =
o o A=/ $hE T T 7
L TS X .0 e
o L .o -
|RESKBssmEN | 0302 < > mo 4 o 4+
2.0 ¥ 120 4
SSKBssRaN 0397 | < > we ] = ————| =]
wn L = ol
S g T | et
ResiEE | 042 | < > I OAETARY o r 150
o L
2t _ ~
Mo ox—s—me |
F7tzwME JRiRA |1217.012349 | 121711249BLOCKNO 0001 10ept | &) AGRIES O tE8E
[Foent ] oomw | [Comemss (2 < N EEECETE

- TR

© ADCRREL - AL 24| [ 2007) /[ 2]/ 17 1) 3®|: [ w0 2007

i S o L ) 2 3R
SPOND)  FhHEEE  ABTEWE Ji-Ua/EN o SL L 2 S8R
Tr4 METE FEfHLER
e el &n | -7 PG 80 g
EB2s IS P —_7 —ng omfs
E#IE(cm) 20
BN BT T = .
[BEBLT B WMT - Y - N
T .
bi:|=] 27 )L E4R O i [] TiltPit. Temp
ot Elkma O MRS
PRI [ AGE4 )
ALy T
B R3] geggcn [ hyori [ $ESEROU by b
g%?% i =/ A/ 8| 8 5 8
7 T —f ¢ s
FRAIE - :
f’% ét(wrm 871 et | kyori2]  grEAEC ) 0
Water) 77 Ly N =/[A/[8 [w{5:[®
@ Kbubs9s OGPS O =L - -
R W gk FrdHh
|
B DADCP7 7 A v

[oms ] [ cans= ||

ADCPI71ILE [nahall71 20031000 |

I aK ] Calig®
157 Calpr s |pahallTI200%

e iA T

B-1  ADCPT—% BiAAA EIH

7
[@xxvoranmans | [oxwee | |omazrirs

@ FrUITL—arT—200E

ABTDF ¥ U 7 L—3 3 KR, Y5y, WD
WMF—ZNRETHD. ZNHOT—HXL, $hET 1
Ty AT —H L ERTOERET — X ZENETRG L
TR, MEEHHTZ & THEDE VY 7' L—
vayRAfeL s, ShET R T 7 AT —X OFHANT,
K, 5y, WET—2 2R R GHIHR S HfE A 5
ZERRTCH D, AW TIIE Y A T DSIEA KGR
TR EIT 7208, FET RAUT v 7 IO AAQ Y
V—NEy ) T — g 5T —FOBFHITRbE L
TVWVe., T, ShiElct Y —%2E T SERND
1y FTarxX o /st »oKEOmmED 7 1
TrA VT T—=2E L THNTHZ LN TE S, F
170 1 mEEEOHECREA LN Halll SECHIERIC
WE LT —F ST 5 2 LN TE2, &b, H
FHAlC B XS LCERY, 1HBTTa7rA U o 7aHlE
A ORIT N ATRETH D128, BRI T — X s
RARETH 5.

@7 FVr— 3 Vg

BETE, BN B-1Z R i CADCPO /A
U —F —H Tt indr, BGHSHR WAERTH A 2 3 RS
5. B-2IRTHEETIE, v VT L— g U HOM
JE < K - T — 2 iAo &, T — 4 OB
ZHERENER L, b IT W ADCPHGELIRE T — 4 875 7
TOREND. FFE T A—ZDFENL, ATA K—%
FHLTC, 777 LOBEET —XIZABTE 7 4 T 4
TERDH. ZO%E, N7 A—ZEORE AR Y
NOHRE L TR MENRDH DD, WEABTENE S T 7%
RANBHEEICF v U T L—3 3 0 &B4T 9 Z L SalkE
Thd. M3NE3T—FFEFFHCFy VT L —a %
ITHT-HEET, [X-438E 0T —% Ty U 7 L—
g UE{TOT-HETH 5.

B2 ABT&v!)JL—aVEH

[Calzzsl | 2l NF |calbmFl

Call FuYLL 82 Cal2 PuMLI)L 168 @ Cal3 PuHLT)L 155

B E) B () B ()
0 25 50 75 100 125150 0 25 S0 75 100 125 0 25 50 75 100125150
- F—t—t—t— F———t—t—
T (=) ABT (=) ABT (=)
012 BGe B0 OIS0 01 @ EEE BT 650 ONBHI50 01 RS ET E B0 0NEEAT0
000 et 0 HHH 00.0 -t
01.0 o
oo ] 01.0 4 01.0 1
03.0 o 020 4 02.0 1+
0a.0 o
e 03.0 + 03.0 +
06.0 04.0 4 04.0 1+
07.0
08.0 - 05.0 + 05.0 +
03.0 4 06.0 06.0
10.0
.o 4 07.0 -4 07.0 4
12.0 030 - 0.0 4+
13.0
14.0 | |o0s.0 + 09.0 +
15.0 0.0 4 0.0 +
16.0 -
17.0 4 1o 4 o 4
18-0 1 12.0 12.0

| SR | 11/08,153431 HEPSA | 11708155830 NEESR | 11706153851
1108153431 5t1.02 Depthesy 1108163830 5103 Depthosy 1108153951 5t1.04 Depthosy

T EMEERE 50 < ; m om0 |
B3 wAFFrUIL—YaEm

Cal SEE | Cal ZbF | Cal 51 |
HERIE ssgt FBT

ERRIEER
T

3 | it
LT B e Vm.m

i

AE A B
AR

808m -
E -

MBS

=t

1

Ltk 438010

=
=
-
=

B

SSEILE 2010011/
40 14:38
B ET
SHEVTEIR E E E
1208m - %3
- ERE
- 2010711/08 2010011708
140244 BRT 14:35:10
Bts B2 = I (0
Cehgepsie 150« (] G

B4 BRIIFr)ITL—a VBl



3. BUMSEIREBER
(1) & L7kt

2 LK LN TABT DRRGE 21T o T2 R & 7~ 7.
ADCP(L U — 7 75— A600kHz % FAV>, LSRN IXIFE
T KX T v 7 DAAQY Y — X & U=, ADCPORRIE
1%, JEE(WS)1.0m, WP10,WB1 CEHIIZ1 T 7~

-5l L FEHNREE LSBT 1 7 7 A LB R L2 TH
%, FRINEREEE, 7 L—ORR T R RNE OR1#49
T YT OABTE Ty F LTZH DT, FHITT
VTNV DOABT W LT b D Th D, T T
JVEUATIZABT DT Y TR E WA, 2 LDED I
BEOFEIERA->TE Y, ABTO N & FLANE
FETHIIR S Ao TnD EE 2 5. X-613MHBX 2R
L7=b 0T, HE MR LITEVEE 7> TRY, EE
EABTRNRTEMCE N S TS Z Egnnd. X7
IFABTOWH 2 > #—XTH D, FHAY H TR RS
n, B KHoOER D SEKNEA L, KiEBMBHTZ0 I
TR L CWAREFIMAlZ D, E£7-, BENICITEEEE kS
PFELTRY, WKEMEHSG 2 I T 0D, 7ok,

-
—

a2 B — OB BB @V MBS B D 3,
UTE =TI L B LD L Ebha 7=, FHEXN
SITEEHIL QWD M7 1 7 7 A VT Bt
IZHBLTE TS, Japii7e B2 WIFABT TRILL
TNTOZRVIRIA S - T-. Zhu, ADCPOD B—2A
S EEIE A IRV R OS2 FHRI L T D 2 & DNEIR &
EzZbN5. £72, ADCPOFHAIFHE L, & b AfFUTIC
I3V Ra—7 L OTHIENEC 503, & LRpkNo
E NGB ZE LWV TS, P ik
THEANROND. O, RS L OIkEs
EH I END DS, R N AFHEOT —HZOW T EE
PEPMEN S L, ) A XF—% & UCHEAT D HMER
H5.

Xy U7 L—a O I EbIxT — AR
(RemoADCP) Z T VU 7 /L& A LIl b7 —H il
EEITV, [ EICTADCPOT —XEfG L X +v U 7 L—
a UBMEERATO ZENFRETCH D, Fi, 1EXy Y
TL—va BT Y, BRESIRORE e B ) gy R
DITHEOF Y ) T L—3a U &ET ) LEITHEL
ADCPOBIHI DA TABT 2 H T % Z LN F[RETH 5.

R BE,ABT R BE,ABT JRBE,ABT
0 50 100 150 200 0 50 100 150 0 50 100
0 . . . ) o 0
©
00 0o Q
2 o O FH#fE 2 O ABTFfE © !
e Q-
@ O BE @ o HiE @) 2
©
4 o 1 4 o— 1 00 2
00 2 A 4
00 2 10 00 -
0
6 jee] 2 6 ‘o 2 00 s
T 00 4 z 0o 4 E 8% 6
§ 8 QO- 5 E@ 8 o0 5 § » o oo 7
® 6 ¥ o o 6 XS 8
10 00 7 10 —O— 7 20 g o
N7 8 o 8 °% o BE
12 o
9 12 9 °No o FHiE
fe)e] 5D 2
o]
14 o w5 5 [}
o o
oo
16 30

16

B-5 SRETAT77ALOHE (5 : E0HE & : ABT_97—4 Ti)

120

100

80

60
o

40

20

20 40 60 80 100 120

ABT

X6 4ERAX

X-7 ABTOMTE >3 —X



ELEm)

2) BRI TOREEER

200948 H1 H ~8 H 31 H DHIM THHE) A RARBLRI
AT (Kp26.5) (T k) & [T RERE L 72 ADCP D ELIREE
ZRWCHEEREEZFH U729, Y3
IROW EIT72 o 7223, TRl E Y % 52T DIk
i CH 5.

OOSREAEDFREIRETE

FNEDH S8 A11A L 8H31LH DEFEEHE /34 2 -8
THE L, WEMGEEIT- 72, FHEORIERZ (12
) REOBESIEE (ABT) 2L TW5. Wi
HEELL0EERTE &/ NSV, RHFREFIIRE S B TE T
W5, ZRBIRIR DN 5 LOMEREE I ZADCP DANEATIZRZ Y L,
FHAVRREZ 2R TH 5.

5.0 5.0
z 20098A11H ® 20094 8A31H
45 3 45 &
%4
40 4.0 f
35 ? 35 a
30 <;‘$ 3.0 £
25 ? 425 .
21 ® s
2.0 2.0 .
b 2
15 1.5 L;;
0 | Z"\k—%auyﬁ& . 3 —EARE |
—e—ABT(11:50) —e—ABT(11:50)
05 % ABT(12:000 ] 05 ABT(12:00) |
0.0 - : 0.0
0 10 20 30 10 20 30
BEE- ABT B EE - ABT

OFREBIL /AT OIRERYIZA L
B-9icpeka, JEAEE, 0, ADCPIZ X % itk
(TP LKA, Wik, ADCPIZ X DS IEE 4

AT AT TR COR R OVREIZRBN T, X105

AR CHERE L Q5. T OMEE A2 L9 5 IR,

815~17 H }x U8 21~25 B2/ C2lalA b/~ DT,

TEEEASEN & SMIIRT- & DOBRE T LT

18A15E~178 :

® 8HISHIFEEEM/SLL LT FHiEd b DRz H v,
ZHUTIE U CRNABLASTGE, TREI D LT
5. WEGKTLTWDZ LD, WEOmE R
LT 5.

® SHIGHMBITHIIHNT, HIFHIRHIIIKALA E5-
T 507, Fl - iR LTS, Z o,
BWELIKTLTRY, WESaENS<7es.
—77, FEIRHCIIRAIAME T, B « iy
2% & EERC, EEN BRI 5720, fEEd
:0)) | R NP AR

288218~258 :

® 8H2LHKURAHIE, 20H OFEREIZ K A Hizk)si s
L7z L b AW EAD, fEE-2mLiEN A5
n5.

o HKIZkY ERUEEL, WEOBME & big,
2mE Y & g YERT A A SIS, B
VB IIVEIAR T 25208, RAT D S E K

®-8 ARESAES TAREAREE [IFRAFL TS,
w ° T \ ‘II T
¥
E - 5 [ Pl
20

~ ~E

R ) L

miNW~N

ENNE~E

= S~

SSW~W  ESE~S

RTARA

WESE~S

bl
B 5 ‘ R ]

INEET. PEL

. PR A

ANV
ALV VW,

E 20 |7 \//\Vf’\\/m\/m\/uA\/ /\V
0

Y UVAANY Y

A
TV VAV Y

ADCPiE v 2 —

KL

ABT (BERAE) 24—

ol

20094 8A

12 3 4 5 6 1 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1

B9 BFFITOBIERR - Ftl



4. RBTREMTZEIT S HBEDFMLIZONT

(1) HIEE

TRDI ¥ » U — 7 7 — Z ADCP = > \» T I,
2400, 1200, 600, 300kHz D AHEFE CRAUBRBLIII 21TV, 4
AT OJERECH C BAF R BHARE R A 155 Z L3 TE T2,
£/, EEEREROV-ADCPEB LT =— X R 7 L—HoD
RiverRay600kHz (22T & BAFZRFHTHER MG B,
ABTHEMT~DREFHNFIRETH D Z E DR TE 72, —,
YHPEITREE AT OBERE  (150kHz, 75kHz, 38kHz) 1Z-DU\T
IIRBRFETH Y, SHBIFSNETORBAMEC W T HIRET
EHEDDHTETHD.

(2) ABTIZ:#E L I=BRRIEREIZ DT

ABTAENTIZ0E L7 BHARKEDMTIET 5 2 L DR S
7o. WB=~v 2 RIIASK, FHHIL P 230%1FERLT
AlzoDa<wy RTHY, WBOIT S RUA Z&5k 4
HIZETRRFHAIL VR LEFIIEET 2 N TE D
LOTHS. —J7, WBOTHHAIT 5 Z & CThURaE D
FENRE L@ RD eV I IR R STz, X101,
[6 U CWB0 E WBLD I 21T~ 727 — % Th 5.
WB0 & WB1 % thised~% & 50countiE EWB0AS K & < FHH
SND. Fiz, WBOTIHEY IR L COREL R EL,
W O/NS TR T UMM Z R D Z E N ATREE B %
b, LovL, WBOTIINYy 7 7T KLUk
AT 5720, EEEICITHICEE, Ly Ud——lZ
Lo THRITAREL 720 0. Z D72, BIBORMIC
s CCHEYNGRET DR H 5.

JEIE (WS) 1T ATREZR R K& < BXE L7 DS TRE D
IESOXIVNEL B, L, ADCPEIHNIZSH S ETHIR
PEHUAEHATH D720, WIERFRAAFHAITE D
FHCREE S NDRETH 5.

Ping#t (WP IZOWTIE, S o2 e s 7 CiddERIaN
TYXNPRKRELRY, ERLELRZV. KIKTYH
10ping WP10) LA ECRET DIE I NEFE LU

K 8% 38 BE (count)
0 50 100 150 200 250
0 . .
& 8
m] o
2 7
E ¢4 OWB1
% g &
')15‘ 6 O WABO
8 7§
g °

10

10 WBOLWB1(DRATTREEDEL

5. ABTOEMEIZDLN\TOFHM

M RA7 T r— a3 o ORF
ADCPOBEEIEIEN AN T D Z L1372 < OFa
SEENOFEETH Y, FHEAFEDIZIM LS TNA.
L, —WICRIATE i/ s —— o X —T =
AADT TV r—a U RNENS T2, AHTCIERES
TV r—varoTa NA T ERANTEOREE
FHIG L 7.

Q7T )r—anfEHE

B TOX v ) 7 L— 3 VHEOHSLESPET,
ADCPD/ A F 1) —F —H ) B I SERREE & D%+
V7 L—ya w1, ABTT —X 2 Tc& b7 7]
r—arERFEL, ATHD I EIVRINI.

Xy T L—a L DIEOOHERBIIE LTE, A
7'a 7 7 A VEH & HO R CHl T % Z EE
HTHDH LIRS

Q) ADCPTCEEFTAZEITIA U

ADCP COFRIRBHIT — Z (2 AThE U B 5 A AS 21
HiSRIUE, -S89 2% Z & 72 S EOBIH
T—APREONDTD, EEITADFETHD. B
DZER72 534 2 R 720D, AU E Cloe i
FiEE LTI CE 5. ADCPONRA F ) —F —H &7
W EOBIIT — 2 N OBEEZFHT 5 Z & b AREE 72
UL, HONEEAIETZ LN AREE 0D, kL
R EHAISR D = &, ADCPOZE[EfiG i U S
DAEETH H Z LoD, I D%V 3AieLhb —
T ADHEIHNTHS.

(4) ABTHIFIZKE L THRRE

KB IY v T VIRA v b RO RE I T
WEEBZDRETHD. B, KB CIEEHIR
HE W ATRICERIE. T 1 7 7 A /L ORI 7 £ AN FTRE
THY, F-2BTEE LABEEICAITChDL L E
2%, W@ O%EE, KR -OEE RSy, By
Hilp EOBRBESM R TH D LAE L CTBIIETTH &
EMTED. L, @il Ttk EoA <o b
R ZITBRBESF IR E S BB 572, BREEAMITETE
TEDLETNOBREBMETHD. SRITHHBF L
TR A M & L CTHOW D FIEIC YW T T
TV r— a HEREEINT 5 Z ERNETH B,
H-ADCPIZ L A8LHITIE, I 72 & TIXABTH#T
DO FELATHRNT EME. Y OELE Y bie LA
KON TENET 5 K 5 IfEini %<, 1 ke—7n
KEICFHL TarZ Ix—1a VAVEL T D ATRENE
HEZOND. 72121, HAlOKENROGEIT= ¥
R F—V g VORI TE D 2 EMER STV,
A%ITH-ADCP COTE IOV CHBREEHED 5.



6. &

ADCPIZ £ B EBE IR COWT, FEE ik
S, W7 U r—ya a3 L2 T, L0
BIZABTZHHT A ENTE D L H o7, K

BN BT OMEREITRHIE S 41, FPEDR B4

L1, SEEERT 40—V FTOABTIEM 7
% LIRS, FABTOBIIE L HHE L7ahn, BTV

UY=L LTORTE LTHIE L TS B H 5.

HEE © AR ISR AR X A5 HBHEIT—
AL UTIAVW.. ISR L THEEAMLET. 2
B, FEEEEZR (KR 1ZADCPIZ & 5 T v BAREHTICRE
LU T2 LTRY, ZZ2 TR LIV AT AL
DHEBITRE LIV AT AEEHA LTS, AT
JITORFICER LIz b DT D12, SRR
it L7 N2 BT EET. 2B, AFEETHFOD
8 AR FRICRIET D880, FEEERR (BR) OFF Al
BLD.

SEH

1) RDInstrumens : Principles of Operation: A Practical Primer 1996

2) [EEFEE - ADCPEHES L =15 LIRIFREIC & S UKRERRIRMT D
R CAFREERIDFE,2010698

3) P.D.Thorone, S.C.Campbell : Backscattering by a suspension of spheres
The Journal of the Acoustical Society of America, Volume 92, Issue 2,
1992, pp.978-986

4)  Kent L.Deines : Backscatter Estimation Using Broadband Acoustic
Doppler Current Profilers, TRDI Report.

5) FEEES, ILARAL BHRER: IHBFEOFYERETE, B
TEEASCEE, 5549%5(2002)1496-1500

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

NITEE, KEES BRI S T KB BRI ADEE
4, KIFERCE, 55454, 2001, pp.1045-1050

ISR, BREX—  SENREXEOLHEEICET 5K,
KIS, 5454, 2001, pp937-942

WEHERE, R\EEE #iFE, THEA, EEEFT . ADCPEAL
FRNIFRRETALEIC 81T HEFREE BRSNS SIS RERIES,
) BRAHTERSCEE, $12%, 2006, ppl133-138

R, hAEH, RERE - BEE=4Y U JIZ#ELI-ADCP
ERAV-EAEOIESMEHRITFE BAREEIESmXE,
(7). 2008, pp.23-30
J.Sheng, AEHay :
approximation in aqueous suspensions of sand, Journal of Acoustic
Society of America, 83,1988, pp.598-610

M.Shulkin and H.W.Marsh:Sound absorption in sea water, Journal of
Acoustic Society of America, 34, 1962, pp.864-86

An examination of the spherical scatterer

L.N.Liebermann:Origin of sound absorption in water and in sea water,
Journal of Acoustic Society of America, 20, 1948, pp.868-873
J.Sheng, AEHay :
approximation in aqueous suspensions of sand, Journal of Acoustic
Society of America, 83,1988, pp.598-610

An examination of the spherical scatterer

R.J.Urick:The absorption of sound in suspen-sions of irregular particles,
Journal of Acoustic Society of America, 20(3), 1948, pp.283-289

A. Downing, P. D. Thorne and C. E. Vincent, “Backscattering from a
suspension in the nearfield of apiston transducer”, Journal of Acoustic
Society of America, 97, 1995, pp. 1614-1620

HILGE, 13I5HEL, BRES  ADCPZE AW -RIT RSO E
EHE L EEA h = X LkgET

(2011. 8. 16324



	TECHNOLOGY FOR TURBIDITY MEASUREMENT
	USING ACOUSTIC BACKSCATTER.
	橘田隆史1・横山洋2・橋場雅弘3・新井励4
	Takashi KITSUDA , Hiroshi YOKOYAMA , Masahiro HASHIBA and Rei ARAI
	Key Words : ADCP,ABT,濁度計測,VisualADCPtools,
	(2) 石狩川での検証結果
	４．ABT解析を行う場合の条件について
	６．まとめ
	ADCPによる超音波濁度計測技術について，手法を確立し，汎用アプリケーションを開発したことで，より簡便にABTを算出することができるようになった．各現地観測においてその性能は評価され，実用性の向上を得た．
	今後は，さまざまなフィールドでのABT適用を評価すると同時に，最新の研究と連携しながら，現場で使いやすいツールとしての技術として研磨していく必要がある．

