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The Chesapeake Bay Interpretive Buoy System





Chesapeake Bay Interpretive Buoy System Currents an d 
Waves

Platform:  AXYS Technologies WATCHKEEPER Buoy
Based on Tideland Signal SB-138P Sentinel
AXYS Watchman 500 Controller
2200# Steel Anchor   
1” Mooring Chain w/ 2.5:1 Scope

Comms:    VZW / Airlink Pinpoint E CDMA EVDO static IP

Currents:   NORTEK 1 mHz Aquadopp Profiler 
600 1Hz samples vector averaged from

:50 to top of each hour
Sampling triggered by Power on/off

Waves:       AXYS Technologies TRIAXYS OEM Wave
Sensor

20 min sample from :40 to top of each hour



CBIBS Currents and Waves Validation Experiment

27 March – 30 April 2008

Patapsco River (Six Foot Knoll) Buoy

39 09.114 N   76 23.472 W    Depth = 21 feet

Standard CBIBS Waves and Currents Configuration PLU S

1mHz Aquadopp Profiler equipped with 89 mb mem LOGGING  ALL DATA

0.55 m Blanking   100 cm Bins

1mHz AWAC AST (NIP disabled)

Currents 0.45m Blanking     100 cm Bin  55 1 Hz samp le / 60 sec

Waves 2 Hz  2048 samples starting top of each hour
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Primary Question:  Is the Platform / Controller / Sensor  configuration capable of 
measuring currents and waves accurately [enough]?

Q:  Is the Watchman device handler performing correctly?

Test:  Compare 10 min averages transmitted by buoy to means from 1 sec data 
recorded on instrument.

RMS difference of 815 values 
is 0.003 m/s; includes 10 
interpolated Transmitted 
values.



Bins 3-5 showed similar agreement.  But Bin 1 comparison revealed a problem….

…and AXYS found coding error in the ADP device handler (mean calculated 
using 2N in Bin 1 only)

So with that exception (to be fixed via firmware upgrade; can be uploaded to all 
platforms via modem), we feel the data transmitted accurately reflect the data 
collected.  What we will call ‘Buoy Data’ will be based on the 1 sec raw data 
recorded during 10 minute power on data collection periods.



What is the absolute accuracy of the data collected from the buoy?

Compare Buoy to AWAC (B1-A4, B2-A3,B3-A2, B4-A1)

Same 10 min averages (600 vs 550 samples) from n:50 to n+1:00

Buoy Bin 1 Velocity Vectors Results of Tidal Analysis

Source              % Tidal Var Axis   

Buoy Bin 1  76.7 11.3°
Buoy Bin 2 79.7 11.8°
Buoy Bin 3 81.8 14.7°
Buoy Bin 4 75.4            17.5°
Buoy Bin 5 76.8 19.2°

AWAC Bin 1 73.6 26.9 °
AWAC Bin 2 80.1 24.9 °
AWAC Bin 3` 84.7 22.5 °
AWAC Bin 4 80.7 21.3 °
AWAC Bin 5 68.4 23.6 °

AWAC-11

10.3 °
11.5 °
13.9 °
15.9 °

Post-recovery AWAC compass check 
revealed 164°reading really pointed to 153°

More Tidal Analysis later….



Difference in direction 
between the Bottom 
Mount and ATON clearly 
decreases with increasing 
current speed  



Quantitative evaluations of velocity and direction

AAWC Bin 4 vs Buoy Bin 1 – Magnitude  m/s
Magnitude           MEAN    STDV

AWAC4 – BUOY1     0.001     0.022 
AWAC3 – BUOY2     0.005     0.025
AWAC2 – BUOY3     0.005     0.026
AWAC1 – BUOY4    -0.002     0.028

Direction (Degrees)       MEAN MEAN* MEAN** STDV    STDV*     

ABS(AWAC4 – BUOY1)     7.9 4.4 1.9 12.0         3.9 
ABS(AWAC3 – BUOY2)    8.8 4.7 0.5 15.2 5.0
ABS(AWAC2 – BUOY3)    9.0 5.0 -0.8 13.6 5.5
ABS(AWAC1 – BUOY4)    10.1 6.7 -3.5 15.5 9.8

* = V > .1

** = NOT | |



Is the current measurement accuracy affected by buoy motion?

RPE = 10 minute mean value of 1 sec (Roll 2 + Pitch 2)

Doesn’t appear to be.

Buoy 1 – AWAC 4



How long do we need to average?



Model Validation

Comparison of surface 
Velocity time series

Tidal Var 86.8% 

Axis 357° T  
008° M



Graphics from www.buoybay.org

WAVES

Typical Chesapeake Bay 
waves - one to three feet 
height, two to three second 
period - are difficult to 
measure with a heavy 1.75 m 
diameter buoy.  But 
accurately distinguishing  
between 1 and 2 foot waves 
is important to many of the 
small craft boaters using the 
CBIB system.

A 1 mHz AWAC was 
deployed near the buoy to 
compare with TRIAXYS 
summary values transmitted 
hourly from buoy.



Wave Amplitude AWAC waves were 2048 samples, 2 Hz (17 min) startin g 
at the top of each hour.  TRIAXYS were 20 min sampl es 
ending at the top of each hour.  Contiguous (assign ed 
to the top of the hour) TRIAXS-AWAC pairs are 
compared.



Other Wave Properties





Findings and Summary

The CBIBS current and wave validation field test pr ovided a rich data set 
for evaluating the performance of our platform, and  for further studies of 
buoy-based velocity profiling.  

Currents:

‘Simple’ sampling and averaging method used by AXYS
controller works….now.

Accuracy of currents derived from buoy-based sensor  is not
compromised relative to bottom mounted platform

Two minutes of 1Hz sampling is as good as ten (see above)
No apparent degradation in quality due to higher wa ve states

Waves:
[Not surprisingly] buoys underestimate wave height
Simple linear multipliers can improve buoy wave hei ght values
For ‘larger’amplitude waves, buoy directions were ac curate
Estimating wave periods from the buoy at these shor t periods 

remains difficult
Requires further investigation and look at buoy dyn amics to

determine response limits


