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(I) ADCP: Getting Ocean Velocity

ADCP : 

Acoustic (it pings along beams at a frequency)

Doppler (uses frequency shift to get                    
               velocity along the beam)

Current (include many more steps to get             
              ocean velocity)

Profiler (listen for the return in small chunks of    
              time to create a vertical profile)

3: ADCP



  

(I) ADCP: Getting Ocean Velocity

ADCP : Acoustic

4: ADCP-- Acoustic



  

5: ADCP-- Doppler

ADCP :

 Acoustic 

Doppler



  

ADCP:
Acoustic
 Doppler 
Current 
Profiler

6: ADCP-- Profiler



  7: ADCP-- Current (1)

ADCP : Getting Ocean Currents



  8: ADCP-- Current (2) 

ADCP : Getting Ocean Currents



  9: ADCP-- Current (3) 

ADCP
Getting Ocean
Currents

Four beams
● 90deg apart
● 30 (or 20)deg up 
       from vertical

● “forward beam”
       is #3

● usually 45deg 
       starboard 
       of forward



  10: ADCP-- Current (4) 

ADCP
Getting Ocean Currents

Four beams
● 90deg apart
● 30 (or 20)deg up 
       from vertical

● “forward beam” is #3
● usually 45deg starboard 
       of forward



  11: ADCP-- Current (5) 

ADCP
Getting Ocean
 Currents

Two opposite
beams make a
vertical plane



  12: ADCP-- Current (6) 

ADCP
Getting Ocean
 Currents

Now we have two vertical  planes
at 90deg to each other

These are the basis of the 
horizontal and vertical velocities

Horizontal velocities will be used
To get ocean velocities

Vertical velocities will be used for
error-checking



  13: ADCP-- Current (7) 

ADCP
Getting Ocean
 Currents

Two beams make
one vertical plan

This shows the
velocities determined
by the Doppler shift;

“beam velocities”



  
14: ADCP-- Currents

ADCP: Getting Ocean Currents

Interpret the 
two beam 
velocities
one horizontal 
and one vertical
velocity



  

15: ADCP-- Current (9) 

ADCP: 
Getting Ocean 
Currents

Now we see the horizontal and
vertical velocities on the two 
planes

Use the horizontal  velocities  
for  determining ocean velocities 
requires more steps.



  

16: ADCP-- Current (10) 

ADCP: 
Getting Ocean 
Currents

This is a top-down 
view of  the measured
horizontal velocity in
instrument 
coordinates
(from the two planes
made by the beams)

(determining ocean
velocities requires
more steps)



  

17: ADCP-- Current (11) 

ADCP: 
Getting Ocean 
Currents

This is a top-down
view of the measured 
horizontal velocity
in ship coordinates.

The instrument
coordinates values
are rotated by the
transducer angle.

(determining ocean
velocities requires
more steps)



  

18: ADCP-- Current (12) 

ADCP: 
Getting Ocean 
Currents

This is a top-down
view of the measured 
horizontal velocity
in earth coordinates.

The instrument
coordinates values
are rotated by the
ship's heading.

(determining ocean
velocities requires
more steps)



  

19: ADCP-- Current (13) 

ADCP: 
Getting Ocean 
Currents

Summary of steps:

Doppler to beam
 (not shown)

below here: horizontal+vertical

● beam to instrument 
● instrument to ship
● ship to earth
      



  

20: ADCP-- Current (14) 

ADCP: 
Getting Ocean 
Currents

Earth coordinates + GPS
gives ship speed

add ship speed to 
measured velocity
to get
ocean velocity



  

21: ADCP-- Current (15) 

ADCP: 
Getting Ocean 
Currents

Complete summary:

beam velocities 

+

transducer orientation + 
+ heading

+

gps

 

ocean velocities
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ADCP: what can go wrong

Viewed from the perspective of:
● Manifestation (symptoms)
● ADCP systems (components)

23: Things go wrong



  

What can go wrong:
“manifestation (symptom) of error”

(1) Data loss (just plain gone)

(2) Cross-track error:
     -     recovery requires accurate heading

(3) Along-track error:  
    -     May indicate a serious problem

    -    recovery may be possible

    -     recovery may be incomplete

    -     recovery may be ambiguous

24: Things go wrong



  
25: Things go wrong



  
26: Things go wrong



  

What can go wrong:
ADCP Systems

● ADCP fails
● Acquisition or computer fails 
● Complete loss/failure of GPS
● ADCP simple data loss/degradation
● ADCP (data damaged)
● Loss/failure of attitude
● unexpected calibration change

27: Failure 

LOSS

Cross-track error

LOSS

Scale factor(usually)



  

ADCP: data loss, degradation
(1) degraded range and coverage
Bubbles
Acoustic noise
Ice
Thick window
Ringing

Solution:
    Improve the installation

beam velocities

GPS

ocean velocities

+

+

transducer orientation 
+

 heading

28: Things go wrong



  

ADCP: data loss, degradation
(2) remaining data compromised
Bubbles
Electronic noise
Acoustic noise
Ice
Thick window
Ringing

Solution:
    Edit out bad data
    Review what remains

beam velocities

GPS

ocean velocities

+

+

transducer orientation 
+

 heading

29: Things go wrong



  

Loss or failure of accurate heading

Diagnostic:
    Cross-track error

beam velocities

GPS

ocean velocities

+

+

transducer orientation 
+

 heading

1deg error in heading
 

10cm/s error in ocean velocity

30: Things go wrong



  

Transducer misalignment (wrong angle)

Diagnostic:
    Cross-track error

beam velocities

GPS

ocean velocities

+

+

transducer orientation 
+

 heading

1deg error in heading
 

10cm/s error in ocean velocity

31: Things go wrong



  

Loss or failure of GPS

Solution:
     Record multiple GPS
     Switch to 2nd GPS
     Reprocess with 1st     

beam velocities

GPS

ocean velocities

+

+

transducer orientation 
+

 heading

No positions = BAD
No time = BAD

32: Things go wrong



  

Examples in data of...

● Heading error
● Scale factor
● Acoustic interference
● Underway bias (bad weather)

33: Errors



  

Calibration: angle error -3.6deg

34: Errors



  

Calibration: angle error -1.6

35: Errors



  

Calibration: angle error 0.4

36: Errors



  

Is this a heading error?

37: Errors



  

Contour plot:

Is this cross-track
signal
(stripes in N/S 
ocean velocity)
due to a heading 
error?

38: Errors



  

Answer

Actually, it's really the ocean, but
we can't tell without knowing 

the quality of the accurate 
heading device. 



  

scale factor: alongtrack bias

40:



  

After scale factor applied

41: 



  

Acoustic Interference: single ping 

42: Errors



  

Acoustic Inference: averaged

43: Errors



  
44: Errors



  

Averaged (unedited) data: 
Acoustic interference and underway bias (bubbles) 

45: Errors



  
46: Errors



  

single-ping editing:underway bias

47: Errors
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CODAS Processing Overview

CODAS: Common Ocean Data Access System
● portable
● self-descriptive
● aggregated files (vs/ netCDF which is one file)
● designed for ADCP data

CODAS Processing
● tools to access and modify CODAS files

49: CODAS



  

CODAS Processing Steps

● read
● [transform, edit, average]
● load into CODAS
● nudge positions to get smooth reference layer
● accurate heading device
● calibration (angle, scale factor)
● edit out bad profiles of averaged data 

50: CODAS



  

51: CODAS



  52: CODAS



  

CODAS 
Processing
Supports...

53: CODAS



  

At 
  Sea

At 
  Home

54: CODAS
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UHDAS: what it does

● Data acquisition and processing
● Data access (for scientist at sea)
● Monitoring tools

● at sea
● from shore

56: UHDAS: what it does



  

UHDAS: what it does:

 Data acquisition …

● logs and timestamps data

● parses NMEA data (Matlab, Python)

.... and processing

● grids, edits, averages, loads

● all CODAS processing

57: UHDAS: what it does



  

UHDAS: What it does:

Data Access...
● web site on ship with

● 5-minute profile (updated 5min)
● 3-day vector and contour plot (updated 30min)
● matlab files via web (used in 3-day plots) 

● full-resolution processed (5min averages) via 
● samba (windows share), NFS
● CODAS database (and tools to access)

58: UHDAS: what it does



  

UHDAS: What it does

Monitoring...

● at sea:
● processing (web plots)
● health of accurate heading device (web plots)
● data acquisition (UHDAS tool)

● from shore:
● sends daily email with attachment
● diagnostic files
● data snippet
● shore-based figures generated from snippet

59: UHDAS: what it does
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UHDAS cruise directory structure

61: Where things are written



  

62: Where things
 are written



  

Much detail follows (10 slides)

● Start UHDAS gui
● Start cruise
● Start logging; directory contents of..

● raw
● rbin
● gbin
● proc



  
64:



  65:



  66:



  67:



  68:



  69:



  70:



  71:



  72:



  
73:
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Monitoring: At Sea

● There are three catoriges of monitoring:

(1)  CODAS Processing

(2)  health of components (Ashtech)

(3)  data acquisition

75: Monitoring (at sea)



  

Monitoring At Sea: UHDAS web site

76: Monitoring (at sea)



  
77: Monitoring (at sea)



  
78: Monitoring (at sea)



  
79: Monitoring (at sea)



  
80: Monitoring (at sea)



  
81: Monitoring (at sea)



  

Attitude Health

● Examples of 
● Ashtech
● POSMV
● Phins

● Statistics generated for all 3
● Example of POSMV in trouble

82: Monitoring (at sea)



  

Ashtech

83: Monitoring (at sea)



  

POSMV

84: Monitoring (at sea)



  

Phins

85: Monitoring (at sea)



  

Statistics 
generated
in daily email 
for three cases

86: Monitoring (at sea)



  

POSMV in trouble

87: Monitoring (at sea)



  

Monitoring At Sea: data Acquisition

88: Monitoring (at sea)



  

UHDAS: Monitoring from shore

Link to on-shore monitoring: UHDAS ships
● text email
● figures
● diagnostic files

89: Monitoring (from shore)

http://currents.soest.hawaii.edu/uhdas_fromships.html


  

Monitoring: From Shore

● from the text email:
● CODAS Processing
● health of components (Ashtech)

● from the diagnostic files:
● data acquisition
● processing
● troubleshooting 

90: Monitoring (from shore)
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92: Monitoring (from shore)



  

93: Monitoring (from shore)



  

94: Monitoring (from shore)



  

95: Monitoring (from shore)



  

96: Monitoring (from shore)



  

97: Monitoring (from shore)



  

98: Monitoring (from shore)



  
99: Monitoring (from shore)



  

Examples of three email warnings

● Restart logging (only)
● Start a new cruise leg 
● Reset the Ashtech

100: Monitoring (from shore)



  
101: Monitoring (from shore)



  
102: Monitoring (from shore)



  

Procedure:

(1)  check tails.txt
       to see what the  
       NMEA messages
       are saying

(2) check this link
      to see what 
      that means

(3) email tech on ship
      to ask if they 
      see the problem,
      and please reset
      the ashtech...

103: Monitoring (from shore)

http://currents.soest.hawaii.edu/docs/adcp_doc/UHDAS_webdoc/Troubleshooting/ashtech_diagnostics.html


  

Diagnostics reminder:
UHDAS cruise directory structure

104: Monitoring (from shore)

File tails.txt shows recent contents of raw, rbin, gbin



  

Useful UHDAS Diagnostic files

tails.txt
● last 12 lines of each NMEA (or log) file
● last 12 raw files (each kind)
● last 12 rbin files (each kind)
● last 12 gbin files (each kind)

105: Monitoring (from shore)



  

UHDAS 
diagnostic file:
cals.txt

keep an eye 
on calibration

106: Monitoring (from shore)
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UHDAS: what can be changed
(not much)

with the UHDAS tool:
● bb, nb mode (OS75, OS150)
● bottom tracking on/off
● bin size (and blank)

if required (carefully edit sensor_cfg.py)
● serial port, baud rate

108: Configuration



  

UHDAS: what they'll ask for

“It's up to you but I don't recommend it”

● smaller bins than the default
● bottom tracking on

109: Configuration



  

UHDAS: what they'll ask for

“I think the answer is 'no' but ask Jules”

● more rapid updating of the database
● finer grain than 5min averages

110: Configuration



  

Configuration Files (expert)

● procsetup_onship.py

– transducer angle
– averaging interval
– timers (5min, 30min)
– bin range for bridge plots and vector plot
– email

● sensor_cfg.py

– ports
– baud rates
– messages

111: Configuration



  

112: Configuration

Block diagram of
sensor_cfg.py

This is a python program.
Python is sensitive to
       Case
       Indentation
       Punctuation



  

113: Configuration



  

114: Configuration



  

UHDAS/CODAS RVTEC Presentation: 
Links to the documentation
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http://currents.soest.hawaii.edu/docs/adcp_doc/adcp_info/adcp_transformations/index.html
http://currents.soest.hawaii.edu/docs/adcp_doc/codas_doc/index.html
http://currents.soest.hawaii.edu/docs/adcp_doc/adcp_info/adcp_failure_modes/index.html
http://currents.soest.hawaii.edu/docs/adcp_doc/UHDAS_scidoc/Frontmatter/UHDAS_CODAS_Overview.html
http://currents.soest.hawaii.edu/docs/adcp_doc/UHDAS_webdoc/Uhdas_Computer/index.html
http://currents.soest.hawaii.edu/docs/adcp_doc/UHDAS_webdoc/Atsea_Monitoring/index.html
http://currents.soest.hawaii.edu/docs/adcp_doc/UHDAS_webdoc/Uhdas_Dailyreport/index.html
http://currents.soest.hawaii.edu/docs/adcp_doc/UHDAS_webdoc/Uhdas_Computer/sensor_cfg.html
http://currents.soest.hawaii.edu/docs/adcp_doc/UHDAS_webdoc/Troubleshooting/tk_terminal.html
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