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Abstract: The National Oceanic and Atmospheric Administration’s (NOAA) National Data Buoy Center (NDBC) reports directional wave observations from its fleet of weather observation buoys supporting its mission for the National Weather
Service (NWS). These systems measure the wave following motion of the buoys and then produce wave observation products. These products are transmitted to shore via the bandwidth limited Geostationary Operational Environmental
Satellite (GOES) system. NDBC’s primary wave observation system is the Digital Directional Wave Module (DDWM). This module consists of a nine axis motion sensor and processor which uses electronic technology from the late 1990s and
early 2000s. NDBC is refreshing its wave observation module to add capabilities and avoid parts obsolescence issues. The effort takes advantage of power and size reductions, while increasing onboard processing, and data reporting
bandwidth. The DDWM motion sensor will be replaced with an improved model that consumes less power. The processor is considered to be low power but requires minutes to execute the complex wave processing algorithms. It will be
replaced with a modern Linux platform that will reduce processing time to less than a second while adding capability to expand future processing computations. The new DDWM will be packaged to a smaller foot print and will include a
wireless link to buoy data transmitters. This facilitates use of the module on other non-NDBC platforms thus providing the capability of wave observations in areas without NOAA platforms. In addition, NDBC has transitioned from GOES to
Iridium satellite communications. Iridium has increased bandwidth over GOES and provides two way communications, where GOES is primarily a one way system. Iridium allows more data to be transmitted giving users the capability to see

the full-fidelity of the spectral data and provides the capability to add more measurements

NEW CAPABILITIES:

Power reductions (new sensor and processor)
ncreased onboard processing capacity
Higher data transmit bandwidth

Wireless transmission

-l

Power Reduction:

Present System

NEW System

NEW WAVES BOX:

Communications

v" Reuses existing NDBC components

v' Avoids parts obsolescence 5

v" More capable processor O OR D

v Allows same code for shore & buoy 'S =

M N 5
" New Waves System \
Radio IEEE 802.15.4 ~ 4
Motion ]
Sensor SM board Gumstix
(control) (Linux)

(new)

SM Functions:

= Controls power

= Collects raw data

= Interfaces to Linux processor

= Sends processed data to transmitter
= Stores processed data

‘ Gumstix processes raw data

SUCCESS:

> Researched MEMS market and
tested 3 devices

» Vectornav VN-100 was selected
(NDBC is reviewing other sensors)

Reduced power by 76%

Bulk of processing code moved to
Linux

e SENSOR SELECTION:
e Reduced market of 100+ to three choices

 Initially tested:
— Lord MicroStrain® 3DM-GX4-25 ™
— Ryan Mechatronics CHIMU
— Vectornav VN-100
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« INITIAL RESULTS:

— 3DM-GX4-25: Didn’'t measure correct
wave height, nor reduce power.
Consultation with Microstrain indicates
sensor does not fit NDBC software.

— CHIMU sensor: Noisy signals didn’t
measure correct wave height

— VN-100: Measured correct wave height
and was lowest power

DESK TOP WAVE SIMULATOR:

DeskTop Wave Simulator

= NDBC custom design

= DC motor spins test platform

= 2 to 14 second periods

= 0.67 m Significant wave height (H,¢)
= +10° pitch and roll

= Used to test small motion sensors

IMPACTS:

1. Much lower power supports operation in far northern regions (low/no solar insolation)
2. Much higher processing capacity supports potential new wave processing applications

3. Higher bandwidth (Iridium over GOES) can provide more data supporting greater fidelity
of buoy motion and thus wave data quality

4. Compact modular system facilitates use on non-NOAA platforms thus increasing wave
observations in areas without NOAA platforms

PERFORMANCE:

Y

Table shows end wave product performance specifications.

These are for the entire system, not just sensor related and have been previously verified
by at sea testing compared to Datawell Waverider buoy.

» Reports hourly (default) and half hourly (optional)
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Wave Height Oto35m +0.2 m
Wave Period 0 to 30 sec 1.0 sec +1.0 sec
Wave direction Oto360° 0.1° +10 °
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