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The Internet of Things (loT)...

* Worst acronym in history?

* The confluence of:

— Readily available processing power and
memory

— Better sensors
— Lower power consumption
— Wireless communications

* Driving countless new applications
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The Smartphone Principle

If it's used in smartphones (game controllers, smart
cars, etc...) well-capitalized companies will invest
vast sums to try to make it smaller, faster, more
accurate, and power efficient.

How will land-based mass market loT
developments “spill over” and enable the
internet of floating/underwater things?
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Some Problems measuring waves...

« How accurate is accurate enough?
Small inaccuracies can integrate into big errors...

* Operational versus Scientific: Tradeoff between
manipulating/consolidating data on-buoy for easy
transmission versus thorough retrospective
analysis of complete data set...
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Some Solutions...
Focus on wave stats rather than absolute
values

Work In frequency domain

— It's where you go for many of the relevant
representational wave statistics anyway...

— Apply filters such as mean removal or noise
removal (Lang 1987) to improve accuracy

Add processing power on-buoy...

— Opens possibilities for improved
assessment/data manipulation/correction

— New data manipulation innovations?m,qu
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An early MEMS Wave sensor (SVS-602)
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Early sensors showed this approach works

* Deployed in both Great Lakes and near
shore ocean environments

 Compares well with reference sensor

Sept. 1, 2011 - Oct. 5, 2011: Significant Wave Height Comparison

5 GLCFS Nowcast
© [ #45026 WS ——

GLCFS Nowcast —
#45026 IWS —

Reference: Brown and Meadows, 2011




But Technology Marches Forward...

Better sensor accuracy/more outputs
Less power consumption
More/cheaper processing power/memory

Flash memory price/size drop: Now practical to
include raw data logging onboard...

Temperature compensation/other accuracy
features

New possibilities...
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SVS-603 Features

14 bit sensors with full x, y, z acceleration, pitch,
roll, heading, angular velocity, and magnetometer
output

Powerful on-board CPU

Highly configurable: Serial and USB ports with

separately controlled summary or detailed data
streams

On-board micro-SD card with configurable data
stream

Smaller/Lower power (130mW!)/System
clockl/etc...

Dedicated GUI/Full set of algorithms




The SVS-603...




SVS-603 Graphical Display

Setup Orientation Acceleration FFT

UTC Time:

LPF Cutoff:
Offset 2:
Dedination Angle:

Timestep interval;

124 10/18/2018

System time

[20.00

[0.00

[0.00

[10000

Average Scans:

Temperature:

Voltage:
Calibration Status; 03230
Version: |1.5

Free Memary:

Get values Reset board Calibrate...

Command: ‘

09:51:52 10/16/2016 <HO.00R0.88 P 0.75X 0.14Y -0.147 9.70N -0.01E0.01U9.71 p 0.00 g 0.00 r 0.00 € 0330 2015-10-16,16:52:06 367
5210/16/2016 <HO0.00R0.88P 0.75X 0,14Y 0,152 9,74N -0,02E0.01U 9.74p 0.00 g -0.00 r 0.00 C 0330 2015-10-16, 16:52:06 368
5210/16/2016 < HO.00R0.88P 0.75X0.15Y 0,11 Z9.70 N 0.01E-0.01U 9,70 p 0.00 g 0.00 r 0,00 C 0330 2015-10-16, 16:52:06 369
52 10/16/2016 « HO.00R 0.88P 0.75X 0. 14Y 0,10 Z 9.68 N 0.00 € -0.02 U 9.68 p 0.00 g 0.00 r 0,00 C 0330 2015-10-16, 16:52:07 370
52 10/16/2016 <HO.00R0.88 P 0.75X 0.14Y -0.132 9.71N -0.01E -0.00 U 9.71p -0.00 q 0.00 r 0.00 C 0330 2016-10-16,16:52:07 371
52 10/16/2016 <HO0.00R0.88P 0.75X 0,14Y 0,132 9.70 N -0,01E 0,00 U9, 71p 0.00 g-0.00r -0.00 C 0330 2016-10-16,16:52:07 372
5210/16/2016 <HO0.00R0.88P 0.75X 0.15Y -0,13Z 9.71N 0.00 E0.00 U 9.71p -0.00 g -0.00 r 0.00 C 0330 2016-10-16,16:52:07 373

152 10/16/2016 < H0.00R 0.88P 0.75X0.14Y -0,13Z9.70 N -0.01E-0.00U 9.70 p 0.00 q 0.00 1 -0.00 C 0330 2016-10-16,16:52:07 374
53 10/16/2016 < HO.00R0.88P 0.75X 0.14Y -0.14Z 9.70N -0.01E 0.01U 9.70 p -0.00 q -0.00 r -0.00 C 0330 2016-10-16, 16:52:07 375
53 10/16/2016 <HO.00R0.88P 0.75X 0.16 ¥ -0.132 9.73N 0.01£0.00 U 3.73 p -0.00 g 0.00 r -0.00 C 0330 2016-10-15,15:52:07 376
5310/16/2016 <HO.00R0.88P 0.75X 0.15Y 0,112 9.73N 0.01E-0.01U9.73p -0.00 q 0.00 1 -0.00 C 0330 2016-10-16,16:52:07 377

09:51:53 10/16/2016 <H0.00R0.81P 0.75X 0.13Y -0,.11 Z29.74N -0.00 E -0.02 9.74p 0.00 q -0.00 r -0.00 C 0330 2016-10-16, 16:52:08 382

Save Log As...

Connected to COME




SVS-603 Graphical Display

R SVS-502
File View
Setup Orientation Acceleration FFT

Heading

2.67

Command: |

10:24:38 10/16/2016 < H 336,94R -28.27 P -19.20 X -4.67 ¥ 2,707 7.94MN -0, 11 E -0,10 U 8,60 p 0.06 g -0.01r -0.02 C 3313 2016-10-16,17:24:53 398
9 10/16/2016 <H 336,63 R -28.45P -19.28 X -4.49Y 2.86 7 8.03N 0.10 E0.08 U 8.64p 0.02 q -0.09r -0.03 C 3313 2016-10-16,17:24:53 393
9 10/16/2016 <H 336,81 R -28.69 P -19.39 X -4.61Y 2.777 8.02 N -0.04E 0.05 U 9,66 p -0.06 g 0.01 1 -0.02 C 3313 2016-10-16,17:24:53 400
9 10/16/2016 < H 336.94R -28.58 P -19.98 X -4.51Y 2.837 8.07 N -0.03E 0.17U 9.67 p -0.16 g 0.03 r 0.01 C 3313 2016-10-16,17:24: 53 401
9 10/16/2016 < H 337,06 R -28,78 P -20.52X -4.65Y 2.897 7.94N -0.07E 0.03U 9.65p -0. 129 -0,13r -0,03 C 3313 2016-10-16,17:24:53 402
9 10/16/2016 < H 337.06 R -29.649P -21.33X -4.81Y 2,96 7 7.55N -0.04E -0.16 U 9,44 p -0.06 g -0.12r -0.02 C 3313 2016-10-15,17:24:54 403
9 10/16/2016 <H 336.94R -29,.33P -21.38 X -4.63¥ 3.157 7.94N 0.11E 0. 11U 9.72p 0.01 g -0.05r -0,03 C 3313 2016-10-16,17:24: 54 404
9 10/16/2016 < H 336.63 R -29.83P -21.89 X -4.78 Y 3.16 Z 7.62 N 0.06 E-0.08U 9.53 p -0.03q -0.10 r -0.07 C 3313 2016-10-16,17:24:54 405
9 10/16/2016 < H 336,06 R -29,.50 P -22.03X -4.65Y 3.227 7.85N 0,10 E0, 10 U .67 p 0.01 g 0.01 1 -0.07 C 3313 2016-10-16,17: 24:54 406
24:40 10/16/2016 <H 335,75 R -29.73P -22.27X -4.73Y 3.13Z 7,70 N -0.01 E 0.02U 9.56 p -0.06 q -0.04r 0,01 C 3313 2016-10-16,17:24:54 407
124:40 10/16/2016 <H 335.56 R -30.36 P -23.16 X -4.86 ¥ 3.237 7.58 N -0.02 E -0.02 U 9.57 p -0.03 q -0.211 -0.07 C 3313 2016-10-16,17:24:54 408
10/16/2016 < H 334.63R -30.38P -23.38 X -4.80 Y 3,38 Z 7.67 N 0,10 E0.05U 9,66 p 0,13 g -0.001 0,12 C 3313 2016-10-16,17: 24:54 409
:24:40 10/16/2016 < H 334.50 R -29.67P -22.92X -4.69 Y 3.27 Z 770 N 0.04E 0,05 U 9,59 p 0,08 g 0,08 r -0.05 C 3313 2016-10-16,17: 24:54 410
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:SaveLog As...

Connected to COME&




SVS-603 Graphical Display

Orientation tion ERE
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SVS-603 Graphical Display

2
View

Crientation

5001 gmagaP
thetaP

7S5MO.00E0Q.00U89,75p 0,00 g0.0
76N 0,00 E0.011 9,76 p 0.00 g -0.00r 0.
0.0 19,75p0,00g0.00r0
00U 9.75p0.00g-0.00r -0
oo

0.10Y-0, 5 9 3 00r0.
.10Y -0 00r-0.00C

nnected to COME




Buoy motion non-idealities

* Pitch and roll perturb motion
Shifting to earth frame gets motion of interest
* Position away from roll center perturbs motion

Fortunately if the motion of a sensor that is a fixed
displacement away from the roll center is known,
the motion of the roll center can be readily
determined using outputs from newer sensors

Angular velocity (available from sensor)
Angular acceleration (easily calculated)
* Thanks to the aircraft applications these algorithms

are well documented...




Thank you rocket scientists!

The inverse relationships are
p= qT:rg = ’l'g sin gy - L cos fg cos g —{ﬂe +i)(cos L cos 0 sin g
- sin L sin Gg)
q= ég €os g + :Lg sin ¢g cos 6, - f-(sin bg cos Yy sin ¢y - sin ¥ cos ¢g}
- (9 + 1) cos L(sin Bg sin Yy sin g + cos Y, cos g)
- [ﬂe * 5L:] sin L sin qﬁg cos Eg
r= —ég sin ¢y + Yy cos by cos O - i.(sm 0g €0s Yg cos Gy + sin Yy sin dg)
= (ﬂe & i) cos L(sin Bg sin g cos ¢, - cos Yy sin q’rg} GAINER and HOFFMAN
- (¢ +1)sin L cos g o8 6 (v-12)

Vehicle Coordinates

Vehicle coordinates can be computed from the X,¥,Z axes velocity components
and vehicle Euler angles hy integrating the equations

i:g =u o8 Yy cos dg + v(cos ¥y 8in fg sin ¢g - sin g cos tg)
+ W (cos Yg Sin 8 c08 ¢y + sin Ly sin qbg:]

jrg. = u sin Y, cos g + v(sin Wy 8in 6 sin dg + cos Yy cos qbg)
+ w(sin Y sin b cos g - cos Y sin tg)

Zy = -u sin fig + v cos g sin gg + w cos B COS g

rg = \aZ + g2 + 20




New Zealand (Cawthron Institute) deployment

PWQ Pania {5VS503)

TAS0030.
TASO1,
+ 3




Hs comparison (New Zealand)

——Hs (SVS-603)
Hs (Triaxys 170)
—— Hs (Triaxys 090)

0
4 10 ‘IE 22 28 3-4 40 46 52 58 64 70 76 82 BB 94 100 106 112 118 124 130 136 142 148 154 160 1&3 172 178 184 19) 156 202 208
T ¥ 97 103 109 115 121 127 133 139 145 151 157 163 169 175 181 187 193 199 205 211

Measurement Index

Data courtesy of Cawthron Institute




Hs comparison (New Zealand)

——Hs (SVS-603)

—— Hs (Triaxys 6922)
Hs (Triaxys 170)

—— Hs (Triaxys 090)

4 34 64 88 94 100 106 112 118 124 130 136 142 148 154 160 166 172 178 184 190 196 202 208
1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115 121 127 133 139 145 151 157 163 169 175 181 187 193 199 205 211

Measurement Index

Data courtesy of Cawthron Institute




Dominant Period comparison (New Zealand)
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—— Period (SVS-603)
Tsig (Triaxys 170)
—— Tsig (Triaxys 090)

4 10 16 22 28 34 40 45 52 58 64 70 76 82 83 94 100 106 112 118 124 130 136 142 148 154 160 166 172 178 184 190 196 202 208
1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115 121 127 133 139 145 151 157 163 169 175 181 187 193 199 205 211

Data courtesy of Cawthron Institute




Hs comparison: Southern French coast (1.2
m above roll center

Hs (SVS-603)
——H1/3 (DW)

5 13 21 29 37 45 53 61 69 77 85 93 101109117 125133 141 149157 165 173181 189197 205213221 229 237 245 253 261 269 277 285293301 309317 325333
1 9 17 25 33 41 49 57 65 73 81 89 97 105113121 129137 145153161169 177 185193 201200217 225233 241 249 257 265273281289 297 305313321329

Data courtesy of Mobilis SA




Period comparison: Southern French coast
(1.2 m above roll center)

—— Period (603)
—— Th1/3 (DW)

i
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6 16 26 36 46 56 66 76 86 96 1061161261361461561661761861962062162262362462562662762862963063 16326
1 1121 31 41 51 61 71 81 91101111121131141151161171181191201211221231241251261271281291301 311321331

Data courtesy of Mobilis SA




Hs comparison: Great Lakes deployment

Measured Wave Height Comparison
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Data courtesy of Limnotech




Why a dedicated GUI?

 Convenience
Dedicated graphical standard plots...
Easily backtest new algorithms
Apply and assess RAO functions
Web interface?

Specialty applications?

With great power comes great responsibility...
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Ongoing work...

Test on a wider range of buoy hulls

Develop methodology for fitting buoy hull response
based on comparison data

Configurable RAO function

Explore algorithm improvements for non-ideal
hulls/mounting position/buoy pitch/roli

Other enhancements for specialized applications
Scheduler
Triggering events
More TBD...
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Thank you!

Please contact me to find out
more or explore how we can
support your application!

tcrandle@seaviewsystems.com
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