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ADCP
1.1 ADCP
(Acoustic Doppler Curre

Profiler, ADCP) (transducer)
(deck unit) RD I nstruments (RDI)

150 kHz Vessel-Mount ADCP 2003 2

RDI 9855 Businesspark Avenue, San Di ec
(858)693-1178 Fax (858apbe65@idbAsEr mmehts. c:

www. rdinstruments. com

ADCP Long- Range mode
broad band (Precisi
Hi gh- Precision Mode narrow band
1 RDI ADCP
150 kHz Long- Range Mode Vertical Re
4 m 1~5 325~350 m

ping 30 cm/ s Cell Size 8 m
50 m ping 19 cm/ s Hi gh- Precisio
si ze 4 m 1~5 200~250 m pi
12 cm/ s cell size 8 m 220

ping 9 cm/ s
1 RDI

Long-Range Mode 38 kHz 75 kHz 150 kHz

Vertical Resolution Max. Precision Max. Precision Max. Precision
Cell Size?® Range (m)' (cm/s)* Range (m)' {(cm/s)® Range (m)' (cm/s)’
4m 325-350 30

&m 520-650 30 375-400 19

fem 800-1000 30 560-700 17

24m 800-1000 23

High-Precision Mode 38 kHz 75 kHz 150 kHz

Vertical Resolution Max. Precision Max. Precision Max. Precision
Cell Size? Range (m)' (cm/s)’ Range (m)' (cm/s)’ Range (m)' (cm/s)y’
4m 200-250 12

&m 310430 12 220-275 9

fém 520-730 12 350450 9

24m 730-780 9

! Rarges at 1 to 5 knots ship speed are typlcal and vary with situation.
! SIngle-ping standard deviation.
* Users chiolice of depth call slze s not imited to the typlcal values spacifled.
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1.2 ADCP (Transducer)
ADCP 150 kHz transducer
(rack-mount electronic chassis)
1 transducer

150 kHz transducer ( 2)0. 3 m
RDI 3 transducer
(transducer housing) Beam Compas
Il / O Cabl e Transducer Beam angl e 30 4 |
1. 0 #%, 5 cm/ s
-5 9 m/ s depth cells 1~128 pi ng I
Bottom Track maxi mum altitude (precision<?2
transducer sensors +05.~14 5
0.03

System Components

* 38, 75, or 150 kHz transducer
* 19" rack-mount electronic chassis

User to supply compass input or GPS navigation
data and NMEA tilt information.

1 Ocean Surveyor Vessel-Mount ADCP
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1iZ Sernector
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Figure 4-2.  Qcean Surveyor Transducer

3 Transducer
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Figure A-1.  Qcean Surveyor Cable Interconnections

5 Ocean Surveyor cabl e
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VmDas
VmDa s (data collection)
(reprocess)
Long- Range mode
Hi gh- Precision mode cell size 4
2

(Reprocess)

2.1 Reprocess

ADCP VmDas
Reprocess VmDas User’s Gui de
VmDas File, Reprocess Dat a

. VMO 6

Select deployment to open for reprocessing:
Look in: |lﬂ‘u"mDas v| - £ B2~

[=lisamPLEOD2 000000 VMO

Fie pame:  [SAMPLE00Z_000000.VMO Open

Files of typ=: I"u"mDas Deployment Files {* vmo, *vmp)

6 Reprocess Dat a reprocess . VMO

Options Edit Data Options Recording
7



Program Gptlons

Cammuricetians | ADCF Sebp  AeCoting | Transiom | Averaging | Data Screeng | User Buis | Srmudsted Inpus |

Dlepleymert Files
Hame: W
Humpar [2 The deploymerd number deplayed here 15 suiometicely chos=n by
the aoftware =ach bme data is coleched or mpmesssed. Change

the rumberic ovemde the softaene's choice

[z Siza (WE). |2

— Duiput Dimcionss
[T Dual Output Dir=ctenes

Prmary Path- f::\..“mgarn Fil=s" R0 Irstroments WmDas®, Breses. . |

Backup Paib |- R0 00

o | coon | s | vop |

70ptions Edit Data Options Recording
Reprocess Long time average(*.Il1ta)
average(*.sta) Averaging Fir
I nterval * . sta Second Ti
I nterval * Il ta 8



Program Options

Cu'rn'l.ril:mu'ul.ﬂ.EEF Setup | Aecordng | Trarsform  Aweragng | Data Screening | User Euts S'rl.hudlrpu:l
~Aweraging Wethad
¥ Temporat
Firet Time inberval {STA)K 120 gaconde
Second Time bbervalfLTA): B0 mscands
Profie Ping Homalzation Reference Loyer
[+ Erwiie
Stag bin: |2
Edbiv [ip
o | Coned | sy | W |
8Averaging *.sta *.Ilta
OK Edit Data Opti ons
Opti ons, Save as Reprocess
Go Ensembl e number
"Donel!” 9

lr{' BRI Instruments Vmlas

Gle wew Optons Control Chart Yindow Help

= ) 1] o

peessing Deployment: CiProgram Files|HD Instruments{YmbDas\SAMPLE 8002

9Reprocess
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VmDas

Depl oyNamexxx_yyyyyy. Ext Depl oy Name
depl oyment number yy
file sequence number
VmDa s reprocessed files
Depl oyNamexxx_zzz_ yyyyyy. Ext zzz repro

11



VmDas User's Guide

duww, se00day
CALLA , SALITYES Y

[ + 00 Ao

+ o
]
&

L AL
WO
_ FBJWA
[FIFR -+ 00d el
HHI .
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] P ST

p= Jesn
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W S
- HEN 3NN
T
L
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- HLH 3NN
CETOLET]
FEN
sinbimt b own, ssaoouday L=
[ <000 foad Ca=EE ]
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T4 fwag
Uz J=En
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- . SIS BB
UDRELIGSUE] | SEUIRI0OD S S BB
B S

User Exits

Figure 24.

page 85

P/N 95A-6015-00 {September 2003)

10VmDas
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10VmDas

ENR ADCP ( Raw) (Binary )
LTA ADCP (Binary
. STA ADCP (Binary
ENS ADCP dat a VmDa s RSSI <correl at
User Exi't
ENX ADCP pi ng
error velocity vertical vel oci ty
N1R & N2 R pitché&roll (t ex
ADCP
$PADCP, eeeee,yyyymmdd, hhmmss, - nnnnn
ADCP ensembl e yyyymmddh mms|s. ss
-nnnnn.nn = (signed)l PC cl oc
UTC in seconds; includes time zone
. VMO (text file)
. VMP (reprocess) (texit file)
LOG ASCI | ASCI |
Ensembl e ADCP

13



Wi nADCP

ADCP Matl ab
Wi nADCP ASCI | Wi nADC
Wi nADCP 2>0p€Enl e *  STA

*.LTA *. ENX

= WINADCF Chart Options

“Welcily Fef=rence Welocty Scake
* Hone Waer 1 mn
O Boklom Track Btiorn 1m0
(" Hewigetion [VMDAS]

" GPSMGEGA]
™ GRENTG]

™ Waier Mass [BE. 21]

Erd af Piafle

[~ BT Deplh

[~ AESI Bump Debaction
[ CoslHeambangle]

[~ Cut1EBin

[~ Cuk 2 Bires

DefEutl Loa:l| Sam| | Cancel

Figure 15. Processing Tab
11 Velocity Reference

OptChast OPpPtrioocness si ng Vel ocity Refe

( 11} Bottom Track
Navigati on Processi
12 13 Whol e Set
Sub Set Wi nADCP

Opt i-»hsar t OPQoinotnosu r
Opt i-»hsar t OPpPtrioofnisl e
Profile

14



YELOCITY MAGNITUDE ale (mrm/s)| Sel: 106 to 4831
Ay = 655 £3589 0 912 1524 Sub: 106 to 361
0
= 15 F” I ik '-q1| I HILE IR VE LR ||,.|.||,. TE. 45
S L """"‘. ki ;*u'l B HA R TR
g.l AR igi II || i -Il 'l N i =
AN ]l 1 S 4 uwmmm|.|,um_ 5
[NLE: T (1] '.'.E'I'l.l' I T AT 4
AL Al
106 Enzemhle 4831
97.058/07 Date 97./1068/27
20:27:00.00 Time 11:39:00.00
Figure 1. Whole Set
12 (Whol e Set)
Profle WELOCITY MAGNITUDE al |
A = 7HD 10 1027 2055
M?gnitullﬂ@ DIIrE[IﬂIIZIIn . . Hlll_._h n —=
BRSHEEES n e
EEE EIEE = , B0 100 120 14D 15D 181 200 200 240
— o nsemole
S7e07 Date RS
/s degrees 10:02:00.00 Timz 11:33:00.00
Bin A \ '
Ensemble: 116 =
Cisle:  G705107 1.8
Tire:  21:27:00.00
Figure 2. Sub Set
13 (Sub Set)
E xPpSoerrti es/ Amwmci |l | ary Fil e
Type Mat !l ab ( MAT)
(TXT) ?14 Bi ns Bin numbers
Ensembl e Ensembl e
Vel ocity u, v, w, Error, Ma
Direction Percent Good PG4 ANC DATA TYPE
Track BT Depth Navigation Lat/ Lon

15



T WINADCP Export Options

File Type Series Daa Types Enzemble
v TAT Veloci . Echo Percent Fist | 4
clacity Carrelafion Ampitude Good
& Vi [ Eastiu)l [ Bml [~ Bl [ PG Lest] 8
Bins [ Nothivl [ Bm2 [ Bmz | FG2 Step[ 1
[ Merical[w] [ Bm3 [ Bm3 [ PG3
Al None ™ Enmar [~ Bmd [ Bmd [ PG4
v Magniude [ Awg [ Avg
_;-T [w Direction
3 anc Data Types e
4 ~ Pitch Boitom Trazk Water Mass r w|rﬁ|rcr
] ™~ Rol | Eastu] [ Eaztu) Mavigalion
g - Hzadin [ Morth [+ [~ Morth[«1 | [ Eagu
7 -1 i [ Wart [w) [ “Wart [w) [ Marik [v]
2 — Dimier HrE [~ Emaor [~ Emor [~ Mag
3 B Elri:ntatinn W kg e ML
10 - BT  Dr I Dr [~ Lat/Len
n - Batier ™ BT Depth e EREE—
\wiite File Cluit Export |
Figure 18. Export Data - Series/Ancillary
l14Series/ Ancil ary
4 Write File
4.1 MATLAB
matl ab | oad (matl ab )
Na me Si ze
AnBTDeptihcmB1 Ensemble no. x 1 Dektmodem)
AnBTDeptihcmB2 Ensembl e no x 1 Deptmodem)
AnFLat Deg Ensembl e no x 1 The Finnst Lat
AnFLonDeg Ensembl e no x 1 The Finst Lon
AnLLat Degg Ensembl e no. x 1 The Last Lat.i
AnLLonD€gg Ensembl e no x 1 The Last Long
AnH100t hDeg Ensembl e no. x 1 Heading (100
AnT100t hDeg Ensemble no. x 1 Tempernature
RDI Bi n1Mi d 1 x| 1 The Middl e |[Depth
RDI Bi nSi|ze 1 x 1 The Bin Sizle
RDI EnsDat e Chalr The Date of| first

16
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0 |
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g
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RDI Enslnterval 1] x 1 The I nterjval of |

RDI Ens Ti|me Chalr The Time of| First |

RDI Fi | e Name char Fil e Name

RDI PingsPer Ens 1 x 1 Pings of |per Ens:¢

RDI Syst em char The System of ADCP

Ser Bins 1 x Bins no. A Series |of Bins

Ser Day Ensembl e no. x 1 A Series| of Day:

SerDirl1QthDeg EmMs Smabliesnof Directijons (10
Bins no.

Ser Emmper sec EnAs eSndrd ieesnoof xXxE-W component
Bins no. |( mm/ sec)

Ser Ensembl es Ensemble no. x 1A Serljies of I

Ser Er mmper sec EmMs Smbliesnof rror vielociti ¢
Bins no.

Ser Hour Ensembl e no. x 1 A Series of Hou

Ser Hund Ensembl e no. x 1 A Series of Hun

Ser Magmmper sec HAs®enbil ®es nof. Magni tudes ( mm/
Bins no.

Ser Mi n Ensembl e no. x 1 A Series| of Mint

Ser Mon Ensembl e no. x 1 A Series| of Mont

Ser Nmmpegr sec EnA efndrd ieenoof xN-S component
Bins no. |( mm/ sec)

Ser PG4 Ensemhb| 8e mioes xof Percent| Good of
Bins no.

Ser Sec Ensemble no. x 1 A Series| of Sec:

Ser Year Ensemble no. x 1 A Series of Yea

17



BBLI ST
Bbl i st RDI DOS
ASCI |
EK500

Fil=® Lo&dBi nary Dat a

9
Process Process
velocity reference BTM TRACK (Bottom Tr e
mm/ s, c¢cm/ s, m/s Depth wunits C
Mar k bel ow bottom
Di spl ay Di spl ay
+ - ensembl e
Convert Binary ASCI | Con\
Li mit, Define format, Start conversion
Bi n (Bin selection) ( Ma
si ze) Define For mat
Define For mat Col umn Enter
Col umn Col umn Del et
Bl ock Esc

Start conversion

18



A ADCP
ADCP

A. 1
(Doppl er shift)
=& V/ C)
A
Fs
74 (m/ sec)
C (m/ sec)
ADCP
ADCP
( 161)
=24FV/ C)
Transducer  Sound pulse Moving scatterers

() I WWF’ B

First Doppler Shift

Second Doppler Shift
15

19

RDI

(1)

(scatter)



(relative

radi al moti on) ADCP 16 (2)
=24FV/ C) cos(A) ( 3)
A ( ADCP )

ADCP
Transducer
- -
Acoustic Beam e @ &
* @
s ® g
Scatterers
16
A. 2
ADCP
ADCP
(homogeneous)
ADCP
ADCP
ADCP
ADCP

17
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Beam velocity component

Current

velocity
vector

East West North South
First pair of beams Second pair of beams
calculates east-west calculates north-south
and vertical velocity and vertical velocity
17
(error velocity)
18
iy — _— -~
e ==l a7
- e
H,*’_,ﬁ__ff-jj’ E—f}‘f Homogeneous Layer:
| Zero error velocity
Current Vector
- I
Non-Homogeneous Layer: -~ ia— e
Large error velocity e P
- =
~ ® L—f},-’

18
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ADCP

ADCP
ADCP Janus 30
ADCP
(pitch and roll)
A. 3
ADCP ADCP
depth cell depth cel |l ADCP
depth cell
ADCP
ADCP depth cel
ADCP depth cell
depth cell
ADCP depth cell
depth cel |l aliasing
range-gating ADCP
range-gating depth cell
19 depth cell gat e

/A
b/

Range from ADCP

0
N & Gate 1 Gate 2 Gate 3 Gate 4
2% &

Transmit Time
pulse

19
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ADCP ADCP

range-gate 1 gate 1 gate 2
gate 20 gatel cel |l 1
cel | 1 gate 1
cel l 1 gate 1 gat e

1‘} /r“‘.:-ll K
2

/

Echo
o
o & & Gate 1
Q o Y
{é Transmit
S pulse
= B)
B Scal
-
S 2
= -
A chao
- L Gate 1
@ &
& &
Transrmit
PUISE  Time
20
cell 1 gate 1
21 cel |l
(correlation) 15%
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! J
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h F
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Lo
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AN

Cell 1

Center of

. #7 depth cell

."’ -
-
.-F-
.-F- ’
-F- ’

Increasing weight in depth

cell averaging computation

Range gate
A. 4 ADCP

ADCP
(statistic

(uncertainty)
ADCP

(spectral

ADCP
ADCP

21
range gate
al moment s)
wi dt h)
ADCP
ADCP
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1/ 3 ADCP

( ) Hz (=
) Hz ( )
dB
A.5 (Ensembl e averaging)
ADCP
ADCP ADCP
ADCP (random er r(obri as)
bi as 22
20000
~N-1/ 2
N
22 20000 100 200
1/ 10 bi as
bi as bi as bi as
Mean Value of
ActualCurrem ADCP Estimates
ADCPBIHS_-"

mﬂmm ﬂmﬂmﬁ

Distribution of Single-Ping
ADCP Current Estimates

Actual Current Mean Value of

~ 4 ¢ ADCP Estimates
ADCP Bias —l r-a—

(B)

I
!
|
I
|
i Al

Distribution of Ensemble-Averaged
ADCP Current Estimates

22
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ADCP cm/ sec 50 cm/ sec
bi as 0.5~1.0 cm/ sec bi as
ADCP
A. 6 ADCP :pitch, roll, heading and veloc
ADCP ADCP ADCP
(pitch, roll and heading) (
pitch, roll heading
ADCP
1. ADCP
pitch and roll
23
* [, Depth cell
Vo Depth | ] mapping
Y ocells [ Pl .
ey
— S ¥ chance
) \u i L /7 depth
(A) [B}’.| Pitch or roll angle
23
(a) Depth cell mappi ng:
(b) ADCP
2. ADCP
heading (gyro compass) pitch and r
bottom tracking bottom track
( ADCP ) bottom tracki
Pitch and roll
1 cm/ sec 5 cm/ sec
pitch and roll

26



EA=SL+SV+constant-20/o0og(R)-2eR(5)

EA (dB)
SiL (dB)
SV (dB)
e : (dB/ m)
R : depth cell ( m)
constant 2eR 20/ og( R)
ADCP
ADCP
ADCP (75~1200KHz) (
dB/ meter )
AC ©DC AC DC
20 ADCP AC DC
10 %
mm
1/ 3
40 %
A. 8 (transducer)
ADCP
ADCP (beam pattern)
(beamwi dt h) (side2dbe | evel)
beam pattern beamwi dt h 3dB ( 3dB
) main | obe sidel obe
main | obe 15° RDI
ADCP sidel obe main | obe 40 dB

( ) sidel obe

27



94%

Side lobe

24

sidel obe 25 30° mai n | obe
sidel obe sidel obe ( ) mai n |
85 % 15 %

sidel obe

Rmax =8cos/(

Rma x
D ADCP ( )

28



b 0
C
O |
Q.
o -20-
58 -
S 40
o]
m —
c
© 60
= T T 1 T T [ T T [ T T [ T T 1 T T ]
-90 60 -30 O 30 60 90
Direction (degrees)
25
A. 9 ADCP
( 2%
Sound wave direction
X Horizontal component
© (remains constant)
&
c >
: \
O
¢ \

L)

'-._.—.r'"_'-# h

Speed of sound = wavelength x frequency
(Increase) (increase) (no change)

26

ADCP 30° (thermoclines)
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b
30°
60 °

\
Thermocline layer // \\

/ ADCP beams \

A. 10 Bottom tracking

27

bottom tracking

ADCP
( 28
1 cm/ sec 1 m bottom tra
50 %
Beam does not Beam illuminates

(A) completely illuminate (B) bottom completely
bottom at one time. at one time

Bottom

o~

Short Pulse  ~ Long Pulse
28
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