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Systematic Errors and Corrections of Current Velocity
Measured by Shipmounted Three-Beam Type ADCP

Haruo ISHIT*

At present, one of the most widely used instruments to measure current velocity in the ocean is shipmounted
ADCP (Acoustic Doppler Current Profiler). The ADCP measures current speed by sending out acoustic pulses
downward from transmitters mounted on the ship bottom, and then by processing the Doppler shift of the acoustic
signals scattered by particles in the water. Three-beam type ADCP using 3-element transducers has been widely
used in Japan including the vessels of Japan Coast Guard, as well as four-beam type. Although shipmounted
ADCPs are very useful for current measurement, non-realistic current data are sometimes obtained mainly due to

errors of ship velocity relative to sea water. In this technical article, systematic errors in current measurement by

shipmounted three-beam type ADCP and error correction are described in detail.
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Fig.1 Scattering of acoustic beam transmitted from ship
with the frequency f,.
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Fig.4 (a) Plane view of three acoustic beams transmit-

ted from ship. (b) Alignment of three transmit-
ters mounted on ship bottom.
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V=AY e (24)
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Upx* =Usx * cosd+ Uy * sind
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Table 1. Relations between observed ship velocity V* (Vx*, Vy*) ,current velocityU* (Ux*,Uy*) and true
velocities V (Vx, Vy) U (Ux, Uy), for misalignment angles §,8y and 8x. In calculation of U*-U, Vx

and Vy are given as 10 knots and +1 knot respectively, and vertical component Vz is ignored.

Z oY) DL § Y O ) DIEliE §y X oW Y oz dx
Vx* VX * cosd+Vy - sind VX * cosdy+Vz * sindy Vx
=Vx * cosdy
Vy* -Vx - sind+Vy - cosd Vy Vy * cosdx+Vz * sindx
=Vy - cosdx
Ux*-Ux Vx(1-cosd) —Vy - sind Vx (1 - cosdy) —Vz - sindy 0 (%)
=Vx (1 - cosdy)
Uy*-Uy Vx - sind+Vy (1 — cosd) 0(RE) Vy (1= cosdx) — Vz - sindx
=Vy (1 - cosdx)
() |Vy Ux*-Ux Uy*-Uy Ux*-Ux Uy*-Uy Ux*-Ux Uy*-Uy
(kn) (kn) (kn) (kn) (kn) (kn)
1 + —0.02 0.17 0.00 0 0 0.00
— 0.02 0.17
2 + —0.03 0.35 0.01 0 0 0.00
— 0.04 0.35
3 + —0.04 0.52 0.01 0 0 0.00
— 0.07 0.52
5 + —0.05 0.88 0. 04 0 0 0.00
— 0.13 0. 87
10 + —0.02 1.75 0.15 0 0 +0. 02
— 0.33 1.72
15 + 0.08 2.62 0.34 0 0 +0. 03
— 0. 60 2.55
20 + 0. 26 3.48 0.60 0 0 +0. 06
— 0. 95 3.36
723 %, RASCHRShESEERT. X yiik)
e AW, YA mE2S, X (9) oFvy S,
79— 7 bElid
Si=0, S;=-5;
5N % 3K AR N S sx )
Vx=Vz=0, Vy<0 "/
PHUAE b X) XY Ha2EH»s, mHEd Y 'U
o723 T, S

Uy=V:;—Vy>0
KR, Avm X oA WET Ihb.

4.3.2 Y Y omEEICEE S R

Zomad, X 3Bl DAzIZRK (21) @Ay
ZHVNE, U U OBR»ESRS (| U*|
+|U|).

Fig.5 An example case of northward moving of ship
with its heading kept eastward.

Ux* —Ux=Vx(1—cosdy) —Vz - sindy
Uy*—Uy=0

Uz* —Uz=Vx - sindy + Vz (1 — cosdy)
F 721

-+ (33)
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Ux* =Ux+ Vx* (cosdy — 1) — Vz*sindy

Uy*=Uy

Uz* =Uz+ Vx*sindy + Vz* (cosdy — 1)

Y A ) O AERTIEGED T 7 4 X ¥ P ERE
AL Z%wv (Uy*=Uy). X (33) TVz & AT
%L, WLHEFAZEIME IO U BN 4. Hi
HEMEFOWE (Vx>0) Tl

AUx =Ux* - Ux=Vx—Vx*= Vx(1 - cosdy) =0

...... (34)

L2arH, X (33) TVZEEHTLE,

AUx=Ux*—-Ux = Vx*(cosdy —1) =0

EoTLEY. bBEAA2EY ORIZEL,
X (34 DELV. Vz=0TH->Td Vz*#+0D
728, EROELIITE 2. KX (33) @ Vx* Vz*
z#3 (22") O Vx,Vz TEHIEIX (34) k5.

Y i Y o EgRIAE D PR DR A, kK
B DR T IS Vx* (= Vx + cosdy) AYi /I
RO, R 84 O AU K E L
A, L LyDS5ELUT %5, Vx = Vx*°
20/ v FTHoTH AUx X 0.1/ v FTFTH
5.

+(337)

4.3.3 XY omEIHE ) FHERE

X (31 DAz (23) © Ax WU, U
LUroOBBRAESNS (U] + [U]|).

Ux*—Ux=0

Uy* —Uy=Vy(1-cosdx) —Vz * sinSX] -+ (35)

Uz* —Uz=Vy - sindx + Vz (1 — cosdx)

F720

Ux*=Ux

Uy* =Uy + Vy* (cosdx—1) —Vz*sinSx] - (35")

Uz* =Uz+ Vy*sindx + Vz* (cosdx — 1)

Xy omgE Tk Us*=Ux 7206, el
MM DRI Ul v, BT MO j#aR 22 1

AUy = Vy*(—1+1/cosdx)

XA D Vz 2 A L, Vy*~+Vx*/10 TdH
R, Uy BT EPZALT 5. XEAE Y o[l
WZAE D P DRI HH T E 5.

Vw (t-at) U

Fig.6 A case of ship cruising along clockwise course in
non-current water.
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cos (a-sint)

0 /2

Fig.7 Figures of the function cos (a@ * sin t) from =0 to ¢=2 n. ampli-

tudes ’a’are given as mn/24 (n=1,2,3,4,5,6).

Table 2. Mean values (A) of the definite integral of
sin¢) from ¢=0 to t=n/2,for
different amplitudes ’a’.

function, cos (a *

/24 /12 /8 /6 5n/24 /4
(7.5°) | (15°) |(22.5°)| (30°) |(37.5°)| (45°)

0.995 | 0.983 | 0.961 | 0.932 | 0.895 | 0.851
1—A | 0.005 | 0.017 | 0.039 | 0.068 | 0.105 | 0.149
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DA F 72120 # o ADCP il 52 i 2> & Ux*, Vx*
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Fig. 8 IZ/R"§ 7 — Z I FROILAE (1989) 11 H &
[l 2 4E (1990)5 H Ol 7— % #mz <, p=Vx*
/Vx=cosdy (fft#lh) &, 9 A0 R oXK 5
it B—-f B 5 ) Sxo B 4% % Fig.9 (A
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0

Wind direction for the head (0 ~15)

Fig.8 Wind direction relative to ship heading (lateral
axis) ,and difference of curent speed measured by
GEK and ADCP.

Fig.9 Vertical axis: Ratio of observed value to true one
of Vx (headward component of ship velocity) .Lat-
eral axis: Sx, headward component of swell scale.
Negative Sx shows against swell.
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(1997) 23 LT 5. JEM (] 2vEe
YIS PG 13002 35 T 25 MDA B o AR B0 Gt
WE—F) 2FHE LB, WEiiEOME HImk
S TH2v] OOIEH D BV oD D
TR 0.6 /v FREW, v FEAHOA
BB REZ L5 Lz [k 4],

5 BT — 123 WREARIE

Tl R7= L 912, ZEE ) oRldEfg § Ak
EVRZIIRERAE D K& v, FRICHRNEIA B
bolhdh, Z0L) BEREIIZDOT F]R
AT&Y, MIEALE L 5. ADCP Bl & [ k;
R OEHET X 2 it CHBE 3 5 ik d
0%, EBIZEmTH L. ML EE LTHEME
BIAD 5. (ZFHH O EEE & - Tid 2
L, TORBHNTIIEDOREIIAE &ET
b, g EEBICB W COEET 5 2 Ml TO R
BT ELT, 794 A2 PlER A — Vit
Ak WS,
DK DML & - THELRRIZ, 4
ESE A —VREFTH 5. KFE XY) By
) oT, X A7) OBz & 2x2175] TH
L, dkff#z v (EfE), v (e &B<
L,

V=F - BzV*

727210
BZ_(C?S¢ sin¢)
sing  cos¢

X (@25 »H

U=Vs—F - BzV* - (38)

Bk 3% & 912, WKE— FOEBEBMTHS
N7—%%230 (38) ZHTWEHDT, §LFzEK
5.

(R FRSH] Tl XMz, Y®izdeice D,
MK DWHEZ Vw, SFHftE % Vs, EEOE O
R ABIEESL Vd KT, 2, E—20
ldx A o IERFETE D ICIE L § 5. Vd IEARISH§
Bk (RAHE) OMEEZZ» S, RROERED
BtR I

Vs=V; ;Vd=-V* ; 6=-5

X (200 &, IS OBBRREMZIE T8I
1 ok (C. 1) &45b.

Vw=Vs+F - ApV'd -+ (387)

3¥—2xX ADCP Tz, &%, HEkE3RET
HbH. WKE-—FTIELF2&£ETRDL L
BdHbH., ARIIE1IBER UHEEIESRTRS
RELED, HORBEMEOMEIZRS. ADCP D 1
WHOFRLEIZHED T — 5 &t h, TR
HFOo Lo LS vy GEARREMR®E
Vo ! AREETT 2 m DX KME) . EARRE LD B IEN
HEEICBIT S8 FERD DL DICIE, %%
J& OXKAED VT TH B A%, sk EARDEEN D
ErbiEEd s Lrzwv. X (25) 2256
Vi=Ve—Ur oo (39)
EXTcidWeEFEse L, H@I2L37T
»5b. LrL, X (39 2258 1 Bom#EzEHW
THRAMEZEFIHL, ThEEARIEV, &2
LT, X (1) OFMHEEZHERTX 5.

BB KIS 2 50, e ORBAEEREO S
AZRBT B2, ROBIEETLIONLET L
W,

@O WHEOREM - 22K & WilFE

W TR, BRI, W OZLD R 7 i
IR IR A 1T 5
@ JA-SHhb - EREEOmEN, AL

V-

T179).
® SHEEERWEHMICEL D (Vx4 ooHER
EEZRTITHD).

@ VxRN ET T Y AT AIIAN
T HDFFREFETORARIRL, ZEL
TeIERERMEAATITE D, Vo ZZAATL
725, HEBIITIIEE L v, FUMT
BITETEICT 4 AV FEEDORE LI
ZbbDT (L - a8, 2001), H#ED
7= DN IEME 7 A DS BE,

5.1 StHE—FOBE
9, ME—FTHONLT—I00MES
EATF—VREBFORDH %2 [BiEe] 12



Haruo Ishii

o THMET 5. 42 THRRZE ) ITHBE—-F
OYEE, WAL HE < R HUAE & I SOk
DRy 7TI—7 bEPHESLN LM HAEE 2
XH§$0ENHL. 22 TIE, MEx [HEMR
W Ve KL, ¥ %2 [xHilEEME Ve & R
T F e, BRLPSWEMEFRETHES T, W
SEMEO * FNIMES. XA R, Yizdicz -7
WiEE, W% Ve, Ven D X 9125 T,

MRS ] o#H (C. 2R) Z2AROES T
e

tand= (Ve * Vex = Vox * Vie) / (Vo * Vis + Vo -

Viy) oo (40)

F=[Vo|/[Vs| - (40")

L% (M5l FRVeb Ve KE SO
THY, IEVe L Ve PEMETH L. L7
MHoTsiE, X (40) OHBLZEHEZETED,
HIZVe & VoD HMEEZROITED 5 (K %
6].

WNHE—-FTOIEFOFERIEY TH S
A, EETREENOESH L. X (39) ICHL
TR0 & [FABkIZ, ADCP ORegkizid [ Hufift
H] DOEDLYRL, Ved Ve DWTF DA
EIhb, WHE—FTR V2SI NLLED
ER A DI 7225, FERASLETH . filt, &
BN 17 4 6 H OBl Tl 2 X 20
T— FCORBEBN T — & 20 L7z GRmDSE
FTHNZ IR D, AT — IViREO BRI
XART). 0L EOMNMMEMICREES N0
I Ve TIE%R L, Vo THDEHEELR [HEk7].
BB, BRI NZWEAEX, F1EOHHE
U &AM Vo 2 FV T

Vi=U +V,

EEHRT D L,

5.2 XKE—FOYH

kO HE— FTIX, § & F2KDHHIAT
“HEAEBIT IMEE Ledo2h, AKE—-F
TR & I CHRESF L e B s 2 008
Wi LT, R7PHE L) OoF—5 (X7
F=%) V5. FlZIEK (400 O Ve 0Fb

DI, RTT—% DO Ve D7 (Ver— Ver) & H
Wh. F7z, ERISoME [BEE] & dh
DFETRKDTWDLDT, Ar— Vit 754
AV MRELZSTTHMAT S, &b, dHE—
FiZBWT, #EBNT -2 HTsLF%
RDDHZ LWL, X7 F—5OERIC TR %S %
A, bHLAAWETH .

5.2.1 A —if%

STHLE— N &R0, Ve DB Y I KM #
V (Ve, Vo) V5. VIEARK VLRI RE
7EN%, T THRENET. A7 — VARKF
i, X (38), (88) OEMOUVWTEKI NS
TR AR E HEE TR U & R XTHlETO
V EREARE Ve O BRD L. O T — %
WCRT 1 %, BEOTFT—5I2RT 2" 2ol
THT.

dVG = (dVee,dVex) = (Ver — Vorz, Vot = Vez)

dV = (dV;,dVy) = (Vi = Viz, Vi = Vi)

EBLL,

F=[dVe |/ av | - (41)

ZT

| dVe | = {(Ver = V) *+ (Voxi = Vo) 4

AV | = {(Ve— Vi) *+ (Vi = Vi) 4

XKE—FIZBIT D Fid, XR7HFRHICBIT S Ve
VD, TNENROXRZ MVEDORE L TERE
5 [k s].

5.2.2 TI4 XV MEE
SAKE—=FIZBT2ZHBY OmEEAS D,
A T OLERS - KO~ T7 5o FLjiE I [H
CERELTRD S, [HHTES] T3 tand 2R
TH, FEHEsind ZRD L., T2 TIRET, &
BOHEERBNT 5.

X (38) HBDOV=F: BN*TAT —IVIREF
EWE (F=1I12HM%) L7zv=Bav*&, X(31)
EERHWD E (Eid 2x2 OHAATH),

u=u*+ (E-Bz) V* - (42)
1—cosd sin 6 ,
:U*+< ] >V* ...... (42 )
—sind 1—cosé



Systematic Errors and Corrections of Current VelocityMeasured by Shipmounted Three-Beam Type ADCP

X (EHm) &Y (BRI OG5 TET
&, X (B2) 25

Ux=U*x+Vx*(1—cosd) +Vy* - sind

Uy =U*y—Vx* - sind+ Vy* (1 — cosd)

g - WO T — FIRF 17 - 2" ZOlT,
M E L (heading) Z yE L LT, o=y~
LB Hm#EA% (Ux=Ux, Uy =Uy,) O
S CN QUL e+ W

sind=(f-h—-e-g/(+f) - (43)

22T, e=-Vxi'+VxS - cos®—Vy; - sind ;

f=—-Vy + VxS « sin®+ Vy; - cos®;

g=Uy —Uxs * sin® — Uys - cosd ;

h=Ux{ —Uxy « cos® + Uy, - sin®

EMEEROSHEE A S (d=+180%) D&
&, X (43) I LMHIZR 2 [k 9].

X (43) &, X&MmEhm, YZAKTmze
L7 DBMTEIRANHBETH S, WEHOFHT
(X, TRIMOFRENSHN D OHHYE T AT 12
R A9 2T, TOREEO L) FIERT
b, LrL, HEEAIEZRDDEEICIE, X%
W/, YL S DHEESROTIDHETH Y, M
HWHMNT = 2 i) LD Rk 5.

FROY, WE U 72k KA V* & itk U o kBl &
AWELC, BRI X AR, YERILITER L
(RFek 101, Vv (Vi,Vy), U (UpUy) EBL L,

dV = (dVg,dVy) = (Vei = Vi, Vo — Vi)

dU = (dUg,dUy) = (U = U, Usi = Une)

Inohb

sind = (dVe - dUy — dVy - dUg) / (dVe » dVe +

dVy-dve) e (44)

N7 MVOWRE EAMEE - CAUE TR 6],

sind = (dVXdU) / (dV - dV)

X 44) IXZ7 P Vo (VxVy) Ko e (Vg
Vv B3 o B4R T8k 10] %, X (43) 04R%k
e~hiZhHTIEOTH B, X 42) & (Vg
V) B CTET IR - LR TH 5.

— [#Blldesr] Tt tano KX TH-Z 61
% [Hie 8].

tand = (dvy * dus — du’s * dvs) / (du’s * dus +

dvy « dvs) e (45)

EHEOFBLEDENL, WERBEUOEDD
WCHEMEVE W28 TH D, Vo= (Ve
Van) B E

dVe = (dVes,dVen) = (Ver — Ve, Vo — Vo)

X (45) &

tand = —tan¢

= (dVe * dVex—dVy * dVee) / (dve * dVee + dVy -
dVGy) - (46)

N7 MVONEEEIMEE VUL,

tand = (dVxdVe) /(dV + dVg) === (46")

A (6) b, (Vx*Vy*), (Ux*Uy*) W4 &3k
(43) DHRBEHCTRRDEB Y ITEE LD
(B85 9], JEMETRRITHE .

tand=({f-h-e-g)/(e+f-e-h-f-g)

X 45) BAT —VREBF OB %
< (F&8IFMI) kdvohsas, X (44) ©
BMITIEF=12LTwa. &I, KX 4
DFEBIEF-sind 2 5. %8B, X (44) O sind
=q, 3% (46) Dtand=riT W A KD BN %
2%, Bl zZ =A% O AR [1+1/tan’x=1/sin’
x) IZHIET 5 1+1/r=1/q OBEFRZ 2T,

CHDEIHIZ, sindttand DEHLLERDTDH
BWwo7zh, EBoOWET—5 »56ilHT 5 L,
WAHTEZWHEZRTIEPHSH. X (4 %
@, X (46) 2 HE@E LT, MAEOMRKE
(5 fF) ZILHE L Ca7z. WEAM [HE] 25FK
16 4F (2004) & 17 4F (2005) 247> 729 MDA
HBH AKE—F) o955, F1kE (BHERT7
m) DF—F#Hwiz. 72, WkHEV E LT
HEAREAEV, DI, KX (39) DVe—-UiHH
RHAE L7 d vz, HEQ (sind) & H Q@
(tand) Z WA L7AER (R7TFT—FHKTDS
DOF¥m & AR 2 o) % Table3 I2/R7. %
B, X @3) 50§ &R, HEOLize
AEFRCHRTH 7.

Table 3 T, 1 ROEEBIAIZONVTA4EY D §
EAESNL DS, THOHOHOELY WEOR)
) FHETIIEY, EETAREIE, EARREMR
BV, & W72 @ (tand) o & X212, o 3
WY OV E R B GE04% <, HEREDK



Haruo Ishii

Table 3. Misalignment angle (§) estimated from eq. (44) and eq. (46) in the text. Current velocity was
measured at 7 m depth by S/V Kaiyo. Number of data pairs (K),mean (m) and standard deviation

(o) are also shown.
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m o m o m o m o
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2004  9.20 FAURH 25 1.45° +0. 42° 1.96° +1.28° 1.45° 0. 42° 1.42° 0. 42°
2004 11.20 &M 21 1.48° +0. 56" 0.81°%+2.00° 1.49° £0.55° 1.48° £0.55
2005 3. 4 &A@ 23 —0.34° £0. 85" —0.29° *1.15 —0.34" +0.86° —0.34° +0. 85"
2005 4.24 ZHEAH| 13 0.54° 0. 08° 0.15" +1.90° 0.55° 0. 06° 0.54° 0. 06°
2005 4.24 EHAH| 15 —0.07° £0.16° —0.25" +0.90° —0.06" *0.16° —0.06" *0.15°
2005 6. 6 = 13 0.40° £0. 35 —0.07° £0.82° 0.41° +0. 36° 0.40° +0. 35
2005 8.12 EimA| 27 0.44° 0. 31° 0.51° 0. 68° 0.43° +0.32° 0.43° %0.31°
2005 9.17 B 26 0.36° %0. 30° 0.57° +1.31° 0.35 +0.30° 0.35 0. 30°

EnWZLThab &b, F28 47Tm o0
THHEOEDT S ZRDA=H FKME V=V,
-U,), FRIFEFEAEHUTH S, HEARREMHE
Vo 2 V2861, HEQDIZH) " KE” 7% §
fizh52%. LHL, HEOTHHKMEV=V,
“UZHVNERLYLERPEONL I ED D,
HEQBEEROBETIZE C, EAREMEV, &M
AR Ve & 2 FEEICH W2 A I MES 4 L
b, LEAD. 1272, RERKICHGWS L FEDN
HDHOPxEDT, BEIIHT 2 MEIIHREN T
FRE R,

RE OB, HEBAITT 74 2 v M7z
FEELRET— 7 U, UBEbhize s, 2
NOOFHE L Him#E U DR ERLTEBL.
X (“2) 25

Ur=U+ (Bz—E) V{

U;=U+ (Bz—E) V§

FHLT

(Ur+Us) /2=U+ (Bz—E) (Vf+V5) /2

SEEMEA BRI L oix, ERoABE 2
HEHXFEIZ kD, Bz=EF 73 Vi=-VDE X T
Hb. WiHEIZEI=0NV=V) TKAT T4 A}
MAENENEATH D, SF0D L XX, WER
HETFHLCHERBE IR bRV, BEITHE
F - B CHNIE L7 KA RO R & S35 L <,

&3 MDOWETH B35, MAFE LHE))TH:
BWLAZELTYH, WADPFET S E ST F4
V. 2D, OB Z ) — g THEEL
TEHE DR, NF+Vi=0E7%5%.

5.3 794 XY MEEOWHIES

ZEA Y OEliEf § & A —VARBF A RE N
X, X 88 »LHEOBELHEETES. T4b
LMEOMIEASTE S, 22T, 794 A b
MAEDHIETEZOMRIIKS 26 2R3 (R
I — VERZEDORIE TIXIFBIAMEE)

A 61 4F (1986) 9 H 5 HIZ AR [HE#E] 2%
AT o 7= A B R o W % 0t 3 & Al OE OE 3 &
Fig.10 CAJE, 1993) (Rd. WArEREIZa T ~
C T, MBIXMIMOIZIZIERETH A, Bk B
RILIGAT L BIHO THEIL L THERARNLTSH
D, KOS RMAROBEM T, ME®OTHR
X1/ v MEETH 5. Fig.10 (a) T, ok
FTHNEAR LR EZE D 5. A~k
L7z, dLHMiER L D LTS
{, TmBALMIcR 5. Fig.10 (b) &, X (43)
WML (MEk7] CTHRHE-/2=-3E%
HOWTHIELZZARTH Y, s T MVIZRIAE
flioTwa., A4 FAD§HIZ, AHEIZAL T
52 LaRL, WEED T HMOAMITKE
CHTWA. #%IE, A7r—WRHERHELzE S



Systematic Errors and Corrections of Current VelocityMeasured by Shipmounted Three-Beam Type ADCP

A —
(a) \\?\f
=
==
SFES
L \3\\e %\:’ 32°55%]
SE S
§ §
S
$F @f&%
| ﬁj . 32°507]
: lSG‘:OO'E 1 kml‘
(b) T—s——>§
S
== .
o \\?\’ %’ 32°55
¢¢a<§? §§?<%a
=
=
=
S {@
3 c_—fﬂ . 32°50
1 136°00°E 1 km:t

Fig.10 An example of correction for current velocity measured
by shipmounted ADCP, (a) non-corrected data, (b) cor-
rected data. The observation was made on 5 September

1986.
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Fig.11 Same as Fig.10,but the observation was made in 9-11

July 1999.
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Fig.A 1 Measurement of current velocity by GEK (Geo-magnetic Electro

Kinetograph).
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Fig.A2 (a) Current velocity by "ship drift” method using elecro

-magnetic log.

(b) Difference of current speed measured by "ship

drift” and GEK.
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Fig.A 3 Temporal changes of E-W and N-S component
(Uew, Uns) of current velocity measured by ADCP at
10 m depth, and southward component of wind
force, wave scale and swell scale.
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Fig.A 4 Two vectors on an XY plane and the angle between both vec-

tors.
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