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Shipboard ADCP Acquisition, Processing and
Monitoring with UHDAS

Andrew Frambach
Jules Hummon
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ADCP: ocean Velocity from Sound Waves

Acoustic - ping at a frequency along a beam and

wait for the return

Doppler - measure the frequency shift along a

beam to get the velocity

Current - integrate GPS position and heading to

get ocean velocity

Profiler -  water column depth bins ~

sound speed x time bins

incomin Sl
g wavelength
wavelength shorter

écoming current

lower frequency higher frequency

soundspeed = frequency X wavelength
(ocean) (instrument)

longer v




Acoustic Doppler Current Profilers

e Shipboard (SADCP)
e Typically 1-3 instruments per ship

Teledyne RDI: Workhorse Mariner, Sentinel V,
Ocean Surveyor, etc
Kongsberg: Simrad EC150

e Come in many frequencies:
o on ships: 38 kHz - 1200 kHz
o lower frequency = greater depth =
longer time period between pings
e 4 beams:
o offset at an angle relative to
ship forward

TOP VIEW
Beam4 Beam1
oe————
g+ Ocean
Ship steaming forward Beam? Beam3
Instrument forward
SIDE VIEW
Shié Steamina >

eam 4‘

beam 1
LN
/ ship forward

rd N
beam 2 beam 3

instrument “forward”




shallowest typical transducer

- bin size beam angle
bin depth
max range
wh1200 4m 12-15m 0.5m 20deg 3m
wh600 4m 30-35m 1m 20deg 3m
wh300 m 50-80m 2m 20deg 5m
sv300 m 50-80m 2m 20deg 5m
nb150 11m 300-400m 8m 30deg 5m
0s150bb 8m 150-300m 4m 30deg 5m
0s150nb 11m 250-350m 8m 30deg 5m
0s75bb 11m 400-550m 8m 30deg 5m
0s75nb 18m 600-750m 16m 30deg 5m
0s38bb 15m 600-1000m 12m 30deg 5m
0s38nb 25m 800-1400m 24m 30deg 5m



ADCP Data == (QOcean Currents
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How is SADCP data used? - ‘ ]‘ -
_— ‘ STy
Operations: f
— targeted biological sampling (fisheries, etc)
— over-the-side work (CTDs, moorings, etc) T 75’," AP [ e e LR -
— ROV deployments |
Questions: What are the currents right now? [
E600 l‘ g -0.2
Dynamic Sampling:
— where is the front, when did we cross it? e
Questions: How will my mooring drift?
Time Series:
Process Studies: — dedicated, on station (HOT, BATS)
— near-inertial motion (wind-driven forcing) — transects (Drake Passage, Gulf Stream, etc)
— internal wave energy (energy down, phase up) — after-the-fact (equatorial crossings)
— high-frequency internal waves (on station)
— deep eddies Comparison with Satellites

— context for small-scale mixing studies
Backscatter (even if uncalibrated)



What makes for good ADCP data?

Collect High-quality Data:
— thoughtful ADCP installation (free of bubbles,
shorter cable runs for lower chance of electrical
interference)
— heading and position from reliable and
accurate devices (1° heading err ~ 10 cm/s vel err)
— good timestamps and acquisition practices
— ingest multiple feeds (including spares),
—record QA messages (POS MV, Seapath, etc)

Processing:
— single-ping editing (filter, mask outliers and
weak profiles, bottom detection, etc)
— provide data products at sea (and for future
use)
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— watch data feeds (from both ADCP and ancillary

devices), make sure everything is okay

After the Cruise:

— be able to re-process with different inputs



What makes for a good Data Acquisition System (DAS)?
Basic # Basic Functions:

— interface with ADCP, control settings

— acquire ADCP data

— acquire ancillary data (position, attitude)
— timestamp everything

Better # Processing:

— deliver ocean velocity products from raw
ADCP/ancillary data

Best # Monitoring:

— watch the feeds as they’re being recorded, fix
problems in the field



What currently exists?

VMDAS: (Vessel Mount Data Acquisition System) Provided with purchase of ADCP
— Windows program for use with Teledyne RDI ADCPs o _
— all files go into a single directory — Subscription based - requires UHDAS
— stores raw (ENR, N1R, N2R), intermediate components personnel to install
(ENS, ENX)
— transforms and averages the data (makes LTA, STA files) CODAS
. . N — . GUI and command
UHDAS: (University of Hawaii Data Acquisition System) Core processing line tools for
algorithms post-processing

— collection of programs, procedures, and configurations

installed on Linux for use with multiple ADCPs
— nested directory structure % &
— stores raw (*.raw), intermediate components (*.rbin files)

— transforms, edits, averages, and stores the data products Free and open source software
- Ieverages CODAS processing https://currents.soest.hawaii.edu/docs/adcp_doc/index.html




UHDAS: What are our goals?

1. Enhance the utility and visibility of SADCP data
2. Provide viable ocean currents at sea:
— data should be useful for science and operations
— data should be as close to final as possible (for an automated system)
— require minimal post-processing for science
3. Make available re-processing tools on multiple operating systems
— can be run on Linux, Mac, Windows — CODAS

But most of all...

‘ Happy Scientists ‘ Happy Techs ‘ Happy Managers



How does UHDAS achieve these goals?

1. Acquisition (ADCP, position, heading)
— easy-to-use, intuitive GUI interface
— can easily return to known working settings, can save settings profiles for later




UHDAS: Acquisition

Monitor tab

Cruise ID: PE23_25_LDWF

Control tab

Set cruise name, Start/end \ ‘CmiseID: F?Er:;sezsse;c;sw ADCP_2
q _25_LDWF_ADCP_.
A Start Cruise |

Stop/start recording /T Stop Recording

on cruise

End Cruise

| Data Recording|

Start Rec

| wh1200 ‘ wh300 ‘ 0s75 | D

Quick-l

Control ‘ Terminal ’ Monitor | 5-minPlot | ContourPlot | VectorPlot I BridgePlot I HeadingPlot | Log | Errors [

ook feed status

ADCP tabs

Command
Water Profile
Number of Bins
Bin Length (m)
Blanking (m)
Bottom Track
BT max depth (m)
Bandwidth

ADCP setting profiles load/save /

Ambiguity (cm/s)

TP min ping time (s)

Restore Defaults

Load File

Save File

Range
ON or OFF
5to 128
0.25t0 2
0.5t02
ON or OFF
1lto 45
Otol
100 to 700
0to2

|RDI wh1200 Data Collection Parameters

ADCP on/off

New Present
1

S <€ev—
40 40
0.5 ﬁg
10 1.0
N o
450 45.0
0 0
550 550
00.60  00.60
Commands
WwP1

WN40

ws50

WF100

BPO

BX450

WBO

WV550
TP00:00.60

ADCP settings

T~ Bottom track on/off




UHDAS: Acquisition

Monitor tab

Cuse ID:PE23_25_LOWF_ADCP.2 Wh1200 wha00 75 Sperry Navigat Gyo] Furuno SC30 ABKTWG)
Control | Terminal I Monitor 5-minPlot ‘ ContourPlot [ VectorPlot ] BridgePlot I HeadingPlot ‘ Log ‘ Errors |
wh1200 Start: 163.1502315 pe2023_163_07200.raw 7610860 790
H USBO y - 163.1502431 pe2023_163_07200.raw 7611650 790
Device U Good: 56556 2023/06/13 03:36:22 163.1502431 pe2023_163_07200.raw 7612440 790
Logging Errors: Y | 163.1502546 pe2023_163_07200.raw 7613230 790 Rea|_time feed monitoring
wh300 Start: B 6 | 163.1502315 pe2023_163_07200.raw 9174480 1270 _ .
Port USB1 i " . 163.1502315 pe2023_163_07200.raw 9175750 1270 4 GREEN = |0 N
YU Good: 42419 2023/06/13.03 163.1502431 pe2023_163_07200.raw 9177020 1270 99 . g
/‘V Looging: _||Emarst 0 | 1631502546 pe2023_163_07200.raw 9176290 1270 RED = not logging
Status 0s75 [ start: &
ttyuss2 Good: 122
Not Logging Errors: 0
sperry Navigat Gyr¢| | Start: ::E:g}ggé;grziz
USB4 ; ,020.89,
thyt5 6556557 $HEHDT,020.64,T*1F
Logging Emors: 0 $HEHDT,020.51,T*19
Furuno_SC50 || start: [ :HEHDT-ls-B-T*lE
USBS 3 GPGGA,033623,2824.2274,N,09037.7128 W,2,11,1.4,-15,M,,M, *46
LS oo ol $HEHDT,18.6,T+10
Logging Emors: 0 | $GPGGA,033624,2824.2274,N,09037.7129,W,2,11,1.4,-15,M, M, *40
ABXTWO Start: $GPHDT,22.19,T*3D
ttyUsB6 N 1790 $PASHR,ATT,185801.00,22.19459,0.16833,-2.26941,0.0071,0.0062,036
[ 100G $GPGGA,033624.00,2824.2242108,N,09037.7169838,W,2,24,0.6,9.648,M,-26.
Logging Errors: o $GPHDT,21.62,T*32




How does UHDAS achieve these goals?

2. Automated Processing
— “preliminary processing” is done at sea in real-time, can also be re-processed later




UHDAS: Processing

Comes from: Process: Single-Ping Editing:
removes bad bins due to:
— acoustic interference

ADCP individual beam velocities
> | naviau Y " — data below the bottom
. . B — short, biased profiles
single-ping editing — remaining statistical outliers

horizontal+vertical components
* 1 deg heading error = 10 cm/s velocity error

calibration ——— | rotate horizontal into ship coordinates

v

heading device — | rotate into earth coordinates

'

averaging

——» ocean velocities

GPS device ——— | account for position / ship speed




How does UHDAS achieve these goals?

3. Data and Products
— for use in both operations and science at sea
— CODAS tools for ease of post-processing after the cruise (can switch in different feeds, new
QC algorithms)
— data products (NetCDF, Matlab) and visualization (Python plots)
— useful for evaluation in the future



UHDAS: Data and Products

at sea on land

At-Sea UHDAS Website

e operational / scientific figures yes no
CODAS Data Products

e NetCDF files for science yes yes

e Matlab data files yes yes

e Daily figure archive yes yes

e Estimated calibration from processing results and figures yes yes

e Settings used during processing yes yes
Complete CODAS+UHDAS documentation yes yes




UHDAS: At Sea Monitoring by Techs and Crew
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How does UHDAS achieve these goals?

4. Monitoring

— by techs and crew on the ship
— by UHDAS staff on land



UHDAS: On land Monitoring by UHDAS Staff

Staff provide troubleshooting and feedback for:
— problems with ADCP instrument or computer

Ex.: bad beams, electrical noise, RDI tech support
— problems with ancillary data acquisition

Ex.: bad timestamps, glitchy or failing serial (or UDP) feeds, reduced quality data, dropped feeds, eftc, etc.
— preliminary processing

Ex.: change in calibrations, sensor configuration swap

How?
— staff monitoring of daily status emails from ships (7 days a week, 365 days a year)
— complex issue flagging system with 60 unique parsers
— email ticketing system for easy issue tracking and conversation with techs, crew, or anyone of interest.




The End

Who'’s that smiling face at the other end of the email thread?

Jules Hummon Andrew (Drew) Frambach

Jamie Ash David Vadnais




CODAS Shipboard ADCP processing

Marine Technology Unit,
Spanish Research Council
June 21, 2023

Dr Julia Hummon UHDAS + CODAS Documentation
University of Hawaii

http://uhdas.org http://currents.soest.hawaii.edu/docs/adcp _doc/index.html


http://currents.soest.hawaii.edu/docs/adcp_doc/index.html
http://uhdas.org/

« CODAS processing introduction

 show 10 slides of this ~40-slide presentation
 Switch to the “live” demo

« slides for the demo are here

CODAS Documentation is here
e section for adcp_database maker.py VMDAS LTA


https://currents.soest.hawaii.edu/reports/presentations/2023-INMARTECH/
https://currents.soest.hawaii.edu/docs/adcp_doc/index.html
https://currents.soest.hawaii.edu/docs/adcp_doc/codas_doc/adcp_database_maker/adcp_database_maker_LTA.html

DATA ACQUISITION

T

Time, ADCP, \A T T—

iti ~ Time Timestam

| Position | ——— . P,
’ — ADCP : -

% Attitude \ / _ Position Write to disk

\\Kkj\// L Heading ——

>
—»
>
— >
primitive (raw) data / I

l o Ocean U (east)
100
20

DATA PROCESSING ' [ ’[ ’

(Data Products)
(Visualization)
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: . Incoming
A D ( : P neomng wavelength
wavelength

shorter

longer
Acoustic 4
Doppler
Current
P I‘Ofi Ie r oncoming current

lower frequency higher frequency

soundspeed = frequency X wavelength
(ocean) (instrument)

more details: Calculating ocean currents from ADCP


https://currents.soest.hawaii.edu/docs/adcp_doc/ADCP_INTERPRETATION/adcp_transformations/index.html

ADCP: Acquisition, Processing

beam velocities = ADCP

-+

transducer orientation

+ - earth coordinates
heading
N position
- - ship speed
9pPS - horizontal offset to ADCP
preliminary processing:
ocean velocities - single-ping editing
- averaging

Calculating ocean currents from ADCP


https://currents.soest.hawaii.edu/docs/adcp_doc/ADCP_INTERPRETATION/adcp_transformations/index.html

ADCP: Getting Ocean Currents

heam coordinates

Collect

Data Transformations

instrument coordinates:

Doppler to beam M 2 horizontal, 1 vertical,

ADCP e beam to instrument T/

e instrument to ship

(OCCU[’S in the ADCP) 1 quality indicator
@sducer orientatiob

headlng ° Shlp to earth ship coordinates
. . g 'l_ﬂeadir{:c;):
Preliminary Processing RI#
| | N O
» single-ping editing "\ earth coordinates
e averaging N

measured velocity:

position | . remove ship's speed - east, north, up, error




"CODAS” ADCP Processing

Goals

« Run on multiple operating systems
\ * \ (*) via VirtualBox pre-configured Linux computer
- (Windows, OSX, Linux)

« Open source, free (Python)
Processing

« Written for ADCP data; Works with most RDI ADCPs (link)
- Balance real-time product with recoverable dataset

« Single-ping (automated) and manual editing

« Calibration diagnostics and visualization tools

 Export in matlab or netCDF format

® UHDAS + CODAS Documentation


http://currents.soest.hawaii.edu/docs/adcp_doc/codas_doc/pymat_transition.html
http://currents.soest.hawaii.edu/docs/adcp_doc/index.html

CODAS preliminary processing:
2 flavors

(1) Preliminary processing single-ping data
- beam-to-earth coordinates
- single-ping editing (acoustic interference, bottom)

- create averages; save to disk
- format averages into CODAS database

(2) reformat pre-averaged data into CODAS database

- 1980°’s PINGDATA }
- VmDAS: *.LTA, *.STA

- Next: “post-processing steps”

(no single-ping editing)




CODAS

CODAS UHDAS verages
Processing|  Single-ping O after
g single-ping  single-ping
OverV|eW processing  editing
VmDAS data
*. LT A, *ST A reformat LTA averages to CODAS averageé CODAS
Averages
*ENR uhdas-style > CODAS
*N1R, *.N2R single-ping averages
data single-ping | after
* VMO processing single-ping

editing




CODAS post-processing:

(1) View figures and logfiles
(2) Fix heading:
- patch gappy but accurate heading correction (if relevant)
- apply time-dependent heading correction
(3) Determine corrections/calibrations, then apply

- remaining transducer angle offset
- scale factor (if relevant)
- transducer-GPS offset (in meters)

(4) Manually edit out bad data (dataviewer.py)

- use thresholds for bulk editing
- graphically select bins or profiles; use Seabed Selector for bottom

(5) check calibrations (angle, scale factor, gps-ADCP offset)

(6) make figures (web page) export data (matlab, netCDF)


https://currents.soest.hawaii.edu/docs/adcp_doc/codas_doc/edit_doc/dataviewer_edit_mode/index.html
https://currents.soest.hawaii.edu/clivar_co2/nbp1707/os75nb/webpy/index.html

VMDAS Demonstration

» Point Sur data

« LTA
« ENR

« compare: effect of
- single-ping editing
- heading correction
- transducer angle (calibration)

« Knorr Norwegian Sea

« compare LTAvs/ ENR
 show effect of GPS-ADCP offset


https://currents.soest.hawaii.edu/docs/adcp_doc/codas_doc/index.html

he rest of this presentation will be “live”.

e running adcp_ database maker.py, showing
e work flow
* how to find and apply calibration values
 fransducer angle
e scale factor
« ADCP-GPS horizontal offset
e where this is all documented
 information about the dataset
* how to view the data
* how to process
o LTA
* ENR
* how to make a little web site with figures
 how to compare LTA and ENR

Slides for adcp_database maker.py are here


https://currents.soest.hawaii.edu/reports/presentations/2023-INMARTECH/

CODAS preliminary processing

- Editing (single-ping)
« Acoustic interference

« Bubbles
« Below bottom

- Averaging ~

> Automated at-sea processing




ADCP Single-ping Editing

The most common causes of error
(addressed by single-ping editing)

» Acoustic Interference < |
- Bubbles < |

Both tend to cause bias towards zero
INn measured velocity




ADCP Single-ping Editing

The most common causes of error
(addressed by single-ping editing)

« Acoustic Interference
« Bubbles
 Below bottom



ADCP Processing: editing out interference

EM710 pinging impact on OS75 broadband 5,

SKQ2014000L3 10 EM710
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0s75bb backscdtter

200 R o 0.50
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ADCP Processing: editing out interference

edited

EM710 pinging Impact on OS75 narrowband

SKQ201400L3_10 EMT10
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ADCP Processing

Singleping editing: acoustic interference

Ocean Velocity Percent Good 0

DSig nal Strength

|
IIII III _150

200

200 -
175

|
111125

depth (m)

|
i 1 {100

75

50

25

U (east) V (north) ;
i i i i i i

-1 0 1 0 20 40 60 80 IDUIDDU

seconds m/s percent




ADCP Single-ping Editing

The most common causes of error
(addressed by single-ping editing)

 Acoustic Interference
 Bubbles
 Below bottom



ADCP Data: effect of bubbles

Bubbles: m/s
- short profiles o 0
- strongly biased * >

towards zero = - o

Untreated:
- biased ocean
velocities
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Bubbles and alongtrack bias

NO single-ping editing

0 ....q @1QHIIFW j -
80 | ]
£ 160 w
i E
€240 | =
= Heavy seas = bubbles ;
320} and underway bias °
400 +
U — .
-, *('-uﬁwmmj =
80 , " Fom, -
®» 160+ £
g :
€240 | £
320+ °
400 +
0
a0
o 160 E
5 S
2240 ] 5
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320 decreased Percent Good
400 (instrument-level data loss)

AFTER single-ping editing

° T m T ]
a0 L 'D.ﬁ
4 0.4
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shows reduced data content: use
0

400 thresholds and manual editing
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decimal day



ADCP Single-ping Editing

The most common causes of error
(addressed by single-ping editing)

 Acoustic Interference
« Bubbles
« Below bottom



Bottom Editing:
- remove acoustic interference, identify maximum amplitude
- calculate region of side-lobe interference
- flag as BAD all data below the bottom or with side-lobe interference
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CODAS Post-processing

AFTER AVERAGING

!

 Fix time-dependent heading correction (eg. if gaps)
« Apply calibrations

- Rotation

« Scale factor

« Horizontal offset between GPS and ADCP (new)
« Manually edit CODAS database averages




CODAS post-processing:

(1) View figures and logfiles
(2) Fix heading:
- patch gappy but accurate heading correction (if relevant)
- apply time-dependent heading correction
(3) Determine corrections/calibrations, then apply

- remaining transducer angle offset
- scale factor (if relevant)
- transducer-GPS offset (in meters)

(4) Manually edit out bad data (dataviewer.py)

- use thresholds for bulk editing
- graphically select bins or profiles; use Seabed Selector for bottom

(5) check calibrations (angle, scale factor, gps-ADCP offset)

(6) make figures (web page) export data (matlab, netCDF)


https://currents.soest.hawaii.edu/docs/adcp_doc/codas_doc/edit_doc/dataviewer_edit_mode/index.html
https://currents.soest.hawaii.edu/clivar_co2/nbp1707/os75nb/webpy/index.html

Manual Editing

« Bottom interference

 Wire interference

« Scattering layers

* Ringing

 Bad shallow PG and underway bias

(see dataviewer.py documentation)

27: CODAS Processing


https://currents.soest.hawaii.edu/docs/adcp_doc/codas_doc/dataviewer/index.html

Post-Processing:
Calibration of Averaged Data

(1) Cross-track error (angle error)

- Inaccurate heading (time-varying)
- Incorrect transducer angle (constant)
(2) Alongtrack bias (scale factor)

- Soundspeed (single-ceramic transducers only)
(3) Transition Error

- Horizontal offset between GPS and ADCP



Calibration: Angle Error

Cross-track bias in ocean velocity from angle error:
(heading + transducer angle)

actual ship speed and heading
ocean
measured velocity velocity

Unmeas Uocean gyro
N error




Symptom = Cross-Track Error
Cause = incorrect angle applied

Angle applied comes from
 Transducer angle (beam “3” clockwise from bow)
« Heading of ship
- VMDAS,
-“Primary” heading, often no QC message
-If “Primary” fails, replace with “Secondary”
« UHDAS,
-Reliable heading for each ping (eg gyro)

-Heading correction for each averaging period

-Calculated relative to devices such as Ashtech,
POSMYV, Seapath, Mahrs, Phins (hopefully w/ QC
fields)



Symptom = Cross-Track Error
Cause = incorrect angle applied

Angle applied comes from
« Transducer angle (beam “3” clockwise from bow)

This is a constant value for the whole cruise
Examples of error in transducer angle follow...



water track phase calibration
1 deg. error = 10cm/s crosstrack error at 10kts
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Examples of along-track error

Remove during single-ping editing

« Acoustic interference

« Bubbles (underway bias)

Correct after averaging:

« Scale factor (NB150 soundspeed correction)



Calibration: scale factor (alongtrack bias)

Ocean U (original)

Ocean U (after scalefactor)

Diff: after-before

Ocean V (original)

Ocean V (after scalefactor)

Diff: after-before

diff: pingdemo.after buthf pngdrn after_rotation/
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Calibration: ADCP-GPS offset

(3) Transition/maneuvering error

- Lag or offset in time or space



Example: offset between ADCP and GPS
creates an artifact during maneuvering

ADCP
: . During turn

e o
GPS Ship Spﬂ]e>
ADCP going e:@




Transducer offset from GPS--error occurs:
transition between on-station and underway
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Then go do science!
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