
The IOOS ‘First 5 Standard’ for 
Directional Wave Measurements

1) What are the First 5?

2) Developing a  First 5 standard through           
instrument intercomparisons.

3) The multi-use platform challenge.
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The Big 3

X, Y, Z

The Basics: Estimating the Motion of a Sea Surface Particle

Pressure Sensors
Accelerometers
Tilt sensors
Angular Rate Sensors
Acoustic Sensors
GPS

dz/dx,
dz/dy

z





The Big 3:  X, Y, Z  Time Series Analysis The First 5: S(f),a1(f),b1(f),a2(f),b2(f) !!
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- mean direction      
- directional spread                    
- skewness
- kurtosis

or, in NDBC format

- first-moment mean direction (θ1)      
- first-moment  spread  parameter (r1)
- second-moment mean direction (θ2)      
- second-moment spread parameter (r2)

a1,b1,a2,b2  

1-1
b1

r1

θ1
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S(f,θ)=S(f)[a1·cos(θ)+b1·sin(θ) +a2·cos(2θ) +b2·sin(2θ) +a3·cos(3θ)+b3·sin(3θ)+
a4·cos(4θ)+b4·sin(4θ)+………………infinity and beyond]
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The Directional Spectrum



First 5 + Maximum Entropy Method



First 5 Intercomparisons

A “Wave Component” Approach              

• Measurement errors are frequency and 
energy dependent.

• A wide range of sea states need to be 
observed.



Bouy 1 v. Buoy 2 Intercomparison









Bouy 1 v. Buoy 3 Intercomparison









3) The Multi-use Platform Challenge

Wave Measurement Methods

1) Wave Followers (xyz translation, heave-pitch-roll)

2) Corrected Wave Follower (heave-pitch-roll with 
transfer function)  

3) Corrected Fixed Platform (subsurface acoustic)

4) Fixed Platform (pressure, acoustic)
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3) The Multi-use Platform Challenge

Wave Measurement Methods

1) Wave Followers (xyz translation, heave-pitch-roll)

2) Corrected Wave Follower (heave-pitch-roll with transfer function) 
often a complex function of sea-state, mooring system, wind loads 
etc.

3) Corrected Fixed Platform (subsurface acoustic)

4) Fixed Platform (pressure, acoustic)



The NDBC Offshore Approach

NOMAD

wave follower

Waves-only Companion Buoy near the Multi-use Platform
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