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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves
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1. Executive Summary

The puobbmpeo|,eqctiGerdief er enecnitnigf iGcBa YBinoGhe &Ref er enci ng
I dentificaGROD9BAGgse ltbiced e o mMMdetaesruOC et avavewwas t o devel op
systtehmtanelsodfcal clwawvwact.eri stics

Thentemapedi ohthieos y sthreenasmeertwaoMfe characteristics such
| ena@atnd pantiocdnviechyenf or mat iroens g on dheorca kli at aVMindgé mot e
repornthirmgigh a sa.t eTHa tienvnieltlmeaarsikibtaamat i onaduawagearssil
respeassiinsgt akehol shecbaandal skimming operations.

C

a

To accompli gbht p,fotplEE€COM twhinchcddEdi gi a Syst ems, Mi dstr

Technodmdyt he Col |l ege odr eNdtldd lagh eldhmredlaa [y p | bi acsaetdi oonns

the sucGRIsBftudgging system fortéehm guobabmbuaclandgl ohgr

without the need for | ocal infrastructure. We equipped

t o measur e ocean waves.

Based on tamrecegealdjoeont i vesmofdi fhedpt beebtaseweéne desi gn,

devel dmadd,j,antdtetdtested the Wave Char scattecdnadWadae Modul e
Characterizataba(Wabdi8 e)ifer -&€ € o aWaivneg Ch ar a cMoedruilBead y o n
WCMBugpandocal and remote user interfaces.

We successful |y faoclclogeyilfnige g eteltodf ve hrits proj ec

1. Enhance the | atest generati omBaxfi sGRIcBedrd c@&GRItRSAT atnag

equi pmémto/ltogy necessary to measure wave characteri st

wave period).

a.We successfully enhanced the GRID and GRI DSAT tags
unit (1 MU) and associated micraocaccntterralzlaetri ounniatl g(oMG U
record, ,amd erreppeertt oTuhe WIQ@OMs dcagam.be mounted on ¢ omme

available mechanical skimmers tfooursneadurieng hei wasvpei lc

response anodp erreactmirvaervsyd i mrag i viea fteietdback to operators
S«

stakehoedderrested sever al devices in the Al bemarl e
system atsetthhe w@hvne t ank ad waihnghrerat echndBpggablirom a

Safety and Environ@®&iHdaIlc hbBrnfl ogge Remtdi Bdess Level (TF

technol ogy concepppandaspeacul athinwe ah real d gy aprmdRtLot yp

demonstrated in relevant environment .

2. Use enhanced GRI D and GRIDSAT ta@awvat o addei meamd nt eat
ski mming units for wave char dichehiéengzdtuidd mgwicthio pgpoyc wwraav e

condiandwarsisoiunsus oi ccaolndwaviens .
a.We mounted sever alSa¥GMso na nad Wl M n ¢ Kirifintleoraat i ng WCM

Buoaynd succtes stéhdd |syyst ewmantihowsigwave types and condit
sinusoidal and harbor chopyudeampdaweds it ihemerocuglkes wit

wavesth successf ulatogpemutiidm. andr age, the WCM attac
s kmimer warsne2h hi gheire awnaddyi3nedi ghbdan the significant
hei ght calculated stati st iOharisleyt tuBsiemg @rhaes raw dat a

benchmark. The accuracy of our devi ced ttilornsu gvacut
wi t hida ntchhe per f ormance objective.
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3. Achieve satellite communication to transmit data for

a.Both th&awCMndBwWCYM i ntegrate a satellite modem for

reporting ofand meaveéoicamatoromati on. We successfully d

cl owalsed solution to ingest amtderdneatptlhmawharswane da

accessibldramamdliyemgeographical i nforMhaits onr esgytsd & ma (

commomeroati nd opi st askeenhdo Ipdkaret denabl e intelligence af
regionsal l evel

4, Create -far iusredl y operastbhrmmaet eopacat 6or

a.All threwCHMeviwWE&EEBNnd WEWMylyave an imesehgrraetewloflorr adi
devitaeevi ce communWtc &ti mndahd for direct communicat
real time, reporting wave characterization data. We
friendly tablet application cashlhoarcd etrd zraeti minev e pa
situational awareness for skimmer operators.

The AEt@W envisions a suite of WCMs that provide wave
operators and, when deployed througkbounfarmagion, tool |
stakehdl deli®e!l | ustrates the conceptstod topermprtojoact & hapur
and application of assisting with oil spill response al

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Key

~— Satellite
Mesh
— WiFi

WCM on skimmer

Figure 1-1: Wave Characterization Modules (WCMs) concept of operations

#1 shows a WCM-Buoy characterizing local wave conditions and transmitting information through the mesh network to a WCM. The
WCM passes along the WCM-Buoy and its own data via WiFi for display on a local application dashboard, providing continuous
updates to the response vesselds operators.

#2 shows a WCM attached to a skimmer transmitting wave conditions through the mesh network to a WCM-Sat for aggregation,
summarization, and transmission via WiFi to a local user, as well as to the satellite gateway, onto the cloud database for display on
the GIS user interface for remote stakeholders to view. The free-floating WCM-Buoy calculates local wave conditions and reports
conditions through the satellite gateway for display on the GIS user interface.

#3 shows a boom protecting an environmentally sensitive shoreline with the WCM transmitting local wave conditions through the
mesh network to a WCM-Sat, which then aggregates the wave conditions for transmission to the satellite gateway for display on the
GIS user interface. Independently, WCM-Buoys deployed throughout the response area report their local wave conditions to the
satellite gateway for viewing on the GIS user interface to provide a regional outlook.

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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2. SystArntchitecture

Figaie®hows thecauchbiof the systemeandbisntpel fmacegs bet wee
componamd sf uncotfi otnhael idteyp laoryeed syst em

1 Wave CharacterizW€EM@heMWECM €és intended to attach to
such as a skimmer and includes the hardware and soft
conditions. TheglIWChaIli npcd suidteisomi ng system (GPS) for a
| ocat adinmppency ( RF)ormd dwlad mesh communi cagndna from
Wi Fi module for direct connhknispadtaiyomft evaael adhalr atcd el
information on an application dashboard.

1 Wave CharacteriizatieolhWerigea i f ke WEM i ncbbhtes all
hardware and software of the WCM faonord WwWdivkei character.
communi cati on$at Tihse aNCsMb i nh toe hviag ¢iu et oa sastettasc hsuch as a
remote reportina@tdfonl,,aeaaltaivaere ei cfoommrdmmt i ons through th
net wor k.

1 Wave CharacteriizBadd y n(-Wddyu)l ee WEWMoiyn c | a d B shoef
hardware and soffSwar buof i sheée nWe N daridntigéoyparmeex tf er nedee d
peiroadn st ation reporting wave conditions.

1 Gat ewaynodeanf i guiBactdenvi ce can be cagaféwgayemodea @i th
node mode. Wheedn acsodhaf ,ingau rWCHlaobWCWBMoy can only commun
its information t hrkough atntod hmes derveétcveo i n- t he net wor
configuegtui opdi amdgpet work is autonomous with the ab
device based on signaltostrreacdgt ma a@rad eavayi Imokiull iet vy

When conf i gautreewda ya,s aa V&M, r WEBWIOY aut omatsist addtya r epor t
and the datoa efsr amstnéteswor k t o a usemn tiamtlertf aapep | li accaalil
dashboardantla Whdgremotae hi c al i nfGo)umseetri d mtseysftaecne (
through the s attahldtietrenasgth tteaksasydr ver .

T Local useri Tima etrafbalceet application is used as a dashb
wave characterization repo+StadDrviWwBWIiyFic ofnfdamgua eWCM,n
gat eway mode.

1T Remote useriTmd eGlfacieser interface is intended for r
characterization reports via sSattelolriBtWeCyw cwmmd n igaiateido 1
gateway mode. The remot en usher cil mtuadr faanade iilsst aleasetsesd bil

connected web browser.

2.1 Commercial -off-the-Shelf Trade Study Summary

The AECOM t emadnmvasbabbe -afofimmieelci a( COTS) systems and perf
study of hardavadepr ecode iwlhsreed f or the integrated WCM sy

To meet the projectdsapEOTSrwmaneecbajectéervesati on syste

meet the following critwawviecachhirlaectmeastiicsg ocean

1T Operating while atbaacrhe,d 4ki mpeamras iveaisysoegdds. When att a
boom or a skimmer, the device may have more than once
in whiatdddadsenal model i ng ofwotuh el dtettaoe lpaodr mdeatvtilcye d a
characwaevegzeiperational conditions

1T Frdeorm opeseuahi an a f | oasttihmgeeeb lacxy mbhae mbat
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T A |
c ha
al o

M Loc
and

T No+h
wav

There
Theref
protoc
applic
the pr

Key Cloud-based data servers
Satellite pries

——=> Mesh

== WiFi

N

<>
Non-local stakeholders
view summary data on
a GIS user interface

/¢
Satellite
gateway

Satellite

communications

Local operator views
wave characterization
application dashboard

Figure 2-1: WCM system architecture block diagram

ocal mesh network for extendedesawppehtommbhai wave:c
racterization system. Each device in the system I
ng measur ement i nfaor maot ircerp oart dashea cgpdtleewt ed dat a

al communication and displ amatoifon htethmwawgh cd adachk

ocal communication and reporting through a gl oba
e characterization dat a.

were no-chbarsatctiegi waveon COTB hdet wiec & so rtmhaensc. emeotb j e ¢

ore, a trade study was peott hremed mpo npmawidd s off ¢ ava |
ol s that should be consider AMCMsorantdhe epeogsitdmgand
atTihesmponent s, softwaundedandherionecboil a(ll Mé)asur emer

i mawlyi cennesdrto reconsewseor moc¢i ooontr odalnedr uni t t

pr oceess BleMB e ndarndaevi ce mi c,whd @t rpsdcikdargdewhecte t he process
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datiasentocal wireless protocols and hadidwlacgrematoimpm nlead &I
a mobile device apgprtdheytpieom fdanotbbhdar dlevice. The trade
selection of the best ¢ pampgdornoetnotcso,l sd e vaisc ewse,| |Is oafst waalrteer n a
integration owe e cdcwoterieds wWaig i ng tared dteess tginng pprhoadsuecst.i o
trade study findings are the foundation for ket the el
pr-gr opetoy develop and test our algorithms and for the d
The ittheans svedreect ed were used in dewemept adde stihgent dreespiogrnt .a

2.2 Design Report Summary

The technol ogy surlvaeiyd atnhde ffodeedned issiighodny c o mpsomfetnvaaarde
protocolisn tdeetwde@e singn tdared f uncti on alaisethyd ®MB utotye aw@dmM, WCM
included the cl oud i rbfarseesdt rGd cSt wrseeird ri ntheer  ptelraalt éd o3 ap
dashboard

The purpose of the design report was to:

1T Provide a descypirmtioary pafibW@hdee dprseof t war e devel opment

component s, operation, algorithm devel opment, and t e
WCM nmial y of devices,
1 Outline the major compone®dts, usredludwMt he WCM, WCM
9 Detail the functionality provided by each component
T Show how various components interact and interface :
1 Provide a basel i We&Mfto,r aniBeu OWEMd et ai | ed design and de
1 Show how the information is sent and displayed to r
At the desjidn wasetdimgussed that the sodsviegrhatl hundred f e
commuomati on via WiFi may not provide the desired range
modi fication as documented in the external Wi Fi antenn.
chall enge from two fronts
T Swap out mohdeu | Wi FMi t h integrated antenna internal to
and external antenna to increased | ocal communicati ot

1 Strat egpétclnd lmpesh radi o network to extend t-%a&t effecti
or WBMoiyn node mode by i ndevitd e gbathnweaanithentadr get n
gateway, bl bwpngrhde baurghmor e nodeser medt atefi nal destin
WCM, WEabr WBMoy configgatesvags t he
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3. Syst@mmponent s

This section describes theaddsicogmpehemeént a1t egmoaditfiiocatio
design for timBatWCMnBWB8MMMal ong with the methodol ogy and
embedded wave character i zatanodn dagleghdoryidtfcharei,e wdierveell ogpsne nt
application dembbeaGd Samder interface.

3.1 WCM, WCM-Sat, WCM-Buoy

Figdfi@escribes the hardware components and coprB@auni cat i

and WEWMoy.
Satellite Antenna GPS Antenna . Baseline : All Devices
IP.1621.25.4.A.02 FXP611.07.0092C

Basellne WCM-Sat & WCM-Buoy

Satellite TX

Iridium 9603 U-Blox Max — 7C Modification

. Integration
Espressif ESP8266 ANT-2.4-JJB

Serial RF Module
NXP JN5168

W|F| Antenna NETOK

ARS N19

Sensor
Microcontroller
MKB66FN2MOVLQ18

‘Serial

ANALOG

Inertial M t
e e ;‘Iﬁ,l”ljf men Battery D cell lithium thionyl chloride (Li/SOCL2)

LSMBDSLTR ER34615M

Figure 3-1: WCM, WCM-Sat, and WCM -Buoy hardware component architecture
Baseline: All Devices i Components based on the GRID and GRIDSAT tags, common to all wave characterization modules.
Baseline: WCM-Sat & WCM-Buoy i Components based on the GRIDSAT tag, common to the WCM-Sat and WCM-Buoy.
Modification i The device MCU firmware modified for the WCM system and sensor MCU messages and commands.
Integration i Hardware components and associated firmware integrated to characterize and report ocean wave information.
3.1.1 Hardware Components
The primary hardware modaltes am@u WMChber &G W e dWE M

The device MCU powers on the sensbpheME€&8naaoad MEIU. stUaonhs |

collect data from the | MU aand hprrooucgehs stehse twhaev er acwh asreancstoerr
algorithms. The resultant wave information is sent to |
message format. The device MCU power ssoonf ft hteh eG PsSe nnsoodru | M
to receive taedcloctelindg ocheivmieddee insode, t he message i s set
RF module via the mesh netwer diewoh cgagaewawawmodeyi tbe HE
receives all node messages through talkd eRKF zrmdd wine rampdrg
sending the message first -$aasWahRiuWitkednp pseantxd lolri t e f or
details regarding eachacdmpegeeancei ¢s commuhiacatsi on.
Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Component Model

IMU LSM6DSLTR
Sensor MCU MK66FN2MOVLQ18
WiFi Module ESP8266

Device MCU LPC11U68JBD48
RF Module JN5168-001-M06
GPS MAX_7C

Satellite Modem Iridium 9603

6LOWPAN = Internet protocol v6 over low-power wireless

personal area networks

ARM = advanced RISC [reduced instruction set computer]

machine

FIFO = first in first out

GHz = gigahertz

GIS = geographical information system
GPIO = general-purpose input/output

Interface

SPI and interrupt

1 GPIO for interrupt

91 Serial port communication to the
device MCU

1 SPI bus

1 Power on/off digital signal

Serial ports for communications with

the GPS, satellite modem, local

wireless module, sensor MCU and RF
module

Serial interface and interrupt

1 Asynchronous serial port and 1 PPS
signal to connect to the device MCU

1 Power on/off digital signal

1 Network ready signal to connect to
the device MCU

1 Asynchronous serial port for data

1 Power on/off digital signal

kB = kiloByte

MCU = microcontroller unit
PPS = pulse per second
RF = radio frequency

SPI = serial peripheral interface

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015

GPS = global positioning system
IMU = inertial measurement unit

Tabl- Pr i mar y Cbanmrpdownaernet s

Description

3-axis accelerometer and 3-axis
gyroscope with 4 kB FIFO

Runs algorithms on IMU data to
calculate wave parameters and
transfers results to the device MCU

WiFi chipset to deliver wave
characterization data locally

Low-power ARM-based MCU that
coordinates the activity of each
hardware component

2.4 GHz 6LoWPAN module with
support for application tasks built
into its firmware

Low power and voltage GPS
module

Satellite modem module for
communications to cloud server and
GIS interface

AECOM
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3.1.2 Enclosures

Fig8R2fhows the di mescfi ot@d adirda-B8dMpe encusses biweakd | ed
pol ycarbonate plastic with ngmessurplirfbdgkécatldgwdmigesh t o pr ovi
provides protecti on nieotrefi mmdremi demstri BOup to 1

220.79

| 18691 200.79
[7.90]

62.34
[24) [2.45)

6.00 SECTION B-B
4X $5.00 6.32
ax @.20] . e i SIDE VIEW (25
INLAY
LENGTH

Figure 3-2: WCM and WCM -Sat enclosure dimensions in millimeter s (inch es)

FigBBghows the WCMaandkcnwWCMsure with the external WiFi

Figure 3-3: WCM and WCM -Sat enclosure
with external WiFi antenna

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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The WEBWMoeyncl|l osur eFisgd@wimsomstructed ofnpgopppnoepdl ¢éonebe
resistaan émviocenments and can wi tdlasntegw d ebeiarsg drad gp é & |
The material is almost the same density of water (x 1.
circuitry coempagh meatkéeébp WEMay |l oghees appt bat mately 75
perciesmubmerged to minimize winHhbotptacmkmelwaes mbaattt ambmeasat
points for tethering and for various weiTdghet ss attoeldampegn
Wi Fi, and GRSeponkepda¢wjrtahd emaagponxy) into a recessed |id
1/64d nch plastic cover epoxied over the antennas.

Figure 3-4: WCM-Buoy enclosure with external
antennas and counter -balance weight

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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3.2 Embedded Software Development Platform

Aft er COMS asstascmemlt 9 gayn & utrrveedyee sftaubdryi c at epdr osteovteyrpael pr e
WCMs for embedded software devel opmenkEi g@be cvoempmerreent t
abl e to qubiocakrlidy tborgeeatdher t he pr i marcy uhda mywaMi & i c ampo B rute

versions for further | ocal wireless communication eval
transmission range. We wer e al saon da bdlaet atwat trtlaenssthi.,etrit ea bwiert esl
The momsptortant enabler from the embedded software devel
raw data from the I MU to develop and refine the wave c|

design a@&madiobaboif t hPa MCM, WEWDMN .

[—

2 D-Cell Batteries

WCM-GRIDSAT PCB

GPS Antenna s

g
Sensor Microcontroller |

Figure 3-5: WCM-embedded software development platform

3.3 Wave Characterization Algorithms

In order to report wave dafdwdecthe asznateimemntdatmedk ewdMUf i r s
and how t he meacawbued eunseendt st o det er mine wave chayyaandt er i st i
period.

An ocean wave is the flow of energy ,famav ¢ |hicarmgyftiohriemg i t s
fl oating on,stuoccphaoatsymoywersyr ei n a -acn-traclull afr& Dti Bsrerhni.sd . )
all ows us to measure wave el evati o-Buoy oom tWMEM sautrtfaacchee do 1

object such as a skimmer f | det iemauipmetdheaviedeamdnet eur ft @
measuiutoavn momemer om cremhti ctho ttrramssdhat es to the same move
that particular point.

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Fi gd6ri ghlights the anatomy of a wave and the basis of
i thei ght ,anpgeenrgitohd

A Wave length
|< Wave - e e >.|

heightf

Time needed for a crest to pass
from point A to point B

Wave Period =

Figure 3-6: Characteri stics of ocean waves (height, length, and period )

Al t h deuignhpwaev e swkd fli ned si nusaaiedaleamdtliyomsn,al yzed by el eme
their regularity does not approximate the variability
sees a constant progression of identical waves. l nstea
vayring heights and periods moving imadidf t dres walhneisr ecti o
response, a wide rangiepondédbhetVyernst ardWELMMr medsures wave
|l ocation on the ocean, therwagelargnahsg iat tbhought $ nwii v
identified, there wild.l al waysanhe peirgvwedf ifa owa we ar i abi | i1
Consequently, it is necessary to treat the characteri st

The oceearcfoarcper maey wave compogmemersated by the wind in d
of the ocean aed ot tehre proamagatf observation. Compl ex wa
obtain in explicit form fremiaaltantlgmrivhhhemsmbdsekd bott|
approximation wor btweé¢liinigaTlei i metrhddti ons is the only
gives correhatwaalsimkrfsor gener al spectr apednoumpmad ri sul ar ,
| a@aro(MATLABoft Wavwe Anal ysis for Fatigue and Oceanograph
generation package of MATLAB routines for statistical
calculate the distributions ofoweavepeltdmractodr ithtei c® af a
by the WCM. WAFO provides a comprehensive set of wvalid:
of random waves and a marinelLwsnad uldnjRwe¥sad trneasnpdoonns ewsa vteo |
model , rtihbeutdiiosnt of wave characteristirosghswalweahewghe b p
calculated with high accuracy for al most any spectral I

To det éehmi wave chairmfcdremdtziadn oment  © v sdteh eu soenrb,0 atrhde | V3N
angensort MClUecord and pr.obess$ MUheepawtdat e acceleratic
vel ocity at a gi ven3asxamplaicrcee | reatoemeftd@ m fatolwer @ yr oscwgle ou
initial | abor at ortyh ea nnda jfoireiltdy toefs ttihneg mohtaiton of the WCM
mot iVden .si mpl i fied the di splacement cal c3wmlxatsi on to use t
accel erometer data instead of compl i cWetheedn cianldthuglraattieon s
accel ertahldecanv eofsi gnal component twi ce.Usd ngett hteh éh etaostea |
measurements edwee psetramdar d oceanography spectral and st
wave charavhakbuegasenoh to the user

Toconvert the accel erwemeftoaids tFatsa toulh é& &v eTThri asn scfoonrvre r(t SF T
the data from the ti me donm@de nt h enedbfhielhtdearf aettaensygl dbmat |

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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frequenci esThoef fiintteerresmgni mrewvaaheede todWet huedt ddiag a
information to calculate the peri.odethime sfercoqueenrdgh ad a twa |
di vi dwdanbdy an I nverse Fast FoaoaupreirefrorTmeadn stfoo rcna l(cleFlFalt)e t h o
WCMUsing the heavd®A#&&toa,r ume tlhee spectr al and statistica
det ertmiemewave chamadtuar ingt iwas e hied rgihfti o &mpto HWewWe alseisg ht
presently defined as four times the standard deviati on
the zerdeh moment of the wave spectrum.

3.4 Laboratory Testing

Testing with sevienaludi fi fembe@d ICMUsof t wat epbavéEbopmewe
took systematic measurements first in the | ab and then
them for the WCM platform.

We mounted the sensenrass somnc osmebvi enraali osnpsr itmog si mul at e ocean
| aborryateonvi Wenmémtose -mhesspombgnati ons that would give

frequencies in the range of interest for ocean waves ||
about cooatskumngr tinstWead etl ® askéedparhseef rom a deter mi ned
from the ground and all owed the system to oscillate uni
We began with simple harmonic moti on, usi Adhea single wi

photographi @ngiBiiebWweddxperi ment al set up, where the WCN
weighted basket hangiThg bhddkat swaglrelspased.at a variet
motion was recorded with botEacthhebanwU oann dt hae @wgiPtrnoe scsa npeo
next to the basdckmUsirnegp rtehsee nrtesc olrOdi ngs ,wWeroaimtdh dep &@dlPs 0 c a
and troughs of the hardtodgnnmto® mdtei crmal aud adommar ®of t he | M

Once we were convinced the heavec cmadtciudmtweornes cf oormrs itshtee n
physical heave, we introduced Weo rues ecdo ntpol nebxiintayt iionn st hoef e
springs and fixtfureguemay daavmoaekdpect in actual wave (
The phot ogr apihkRioqn3-®ghheo wsi gohnte of t hese more cbmpkex expe
we mounted the WCM on the top of Weeabsarduspandes wai
using a sprindoontenghéhesWECM to a board connected to
(1t)he weight amdttthze) mouketi ng | ocations of the springs e
create wave motion wiTthhe muwot ispplrei ntge eegxupeetr & de=sman sz | e X

motion with multiple frequencies in the data. We again
releasing the board from differewWe hbéghtepeadedat bd b
measurements using multiphetmousipriinggpoand i weisglitos. bot

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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T

- Y

[N

Figure 3-7: Experimental setup using springs for laboratory testing

Trel aboratory testing showed that we could accurately c:
har monic motion and more comelqiueaWwe @sstmeort ti eoch bayixtiflsi xmiun g it

to isolate the heave covepamnemt foanadne¢ hditmessingnt he sca
raw data from all three accelerometer s,addioomgsgdawe a cl o
removme swompl exity i n t hientghlegmriedhmoand hremgy oscope dat

FigBBehows the steps of the algorithm to determine the
sighted the maximum di spl aneeseenThatt cap gheabnis mgrthap v adv. 9
accelerometer -adxitsa. fTtoen ttdhpe rzi ght shows the hFETGuency s
hasemler f or med. ®Wd hteh efmr efgiuletnecry data to isolatd the wave
the noise, as setenpliontt.h klehfebne g uveemddy & ©l dw da nbdy anwd & F T
performed to create the plot itnhd hmaXiomwamasheaadawéedt of t h
approxiOma3n®&tl,gnd the minwmampheaviéhad®iley heaskopws ot

ot al di sopal baocuet meéntt® Bwh ilcehs si si maim di ftferteme edi spl acement
i sually during the data acquisition. We did not obser
ri

t
%
d ft in the senaspotrurdeu.ri ng our data ¢

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Raw Acceleration Data Frequency Content

Acceleration (m/sz)
" . -
Amplitude
{

Time(s) Frequency (Hz)
Filtered Frequency Content Heave
£ 2,
£ 8,{
<. T
Frequency (Hz) Time(s)
Figure 3-8: Plots of wave characterization algorithm steps from acceleration to heave
Using the heave data, we ran the standard ocean wave s,
wave data sent to the end fusrer MAITSL MB. tOnec eNVAtFhCe sMA T LwaB ea
were finalized, they were converted toBY wwoidreg atnhde pg oall
magnitude of t he acdtehleernaeteidont,o wset orreemoavneye gy o 0,s®MCPe dat
whia&ahl oweldi §ber asampling rate and | onger data coll ectic

3.5 Field Testing: Albemarle Sound

I n order t-wocbtdl datartal refining the wave characteri z:
WCMSawe fabricated a maedlowwkeiig3-8sékh ennmsek mas& u p
approximated the buoyancy and dynamics of the actual s/
t he weightweiThes kmomikeri gs@®dewn biun It from modul ar square
anget @adhment pointshtofi WEMe, dbhewtt att ached bucket s/ sa
illed with |l ocal sand to approxiTmaet esthefabbaelaedsiagiht
o transport and deploy thei pmekhWsmbbhinmghewsahdbagbhebtwy]
he framkeomoek wsaksi mmert he water.

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Figure 3-9: Mock weir skimmer with WCM -embedded
software development platform

One of the embedded software devel opmediypr pbat eammagwds
collection over Wi Fi to compare resuWlitgs3:l0eWhedtepbbdbynd s
a witness pole in the watUsi awgietameds hepomloek upwe skkotmenedrt he
periodically whialwe deat rmed miomg tthlee moc kup sWea nmbhoe rn catn dh ebweo
any exparitsiuad |y asbesghng, wawemd eurec eviatsai abgyed me what we
using the VvEvVteme swiigtipmwd ret. ai nty, we found thathatheegiegni fi
calcul ated were mostly within the performance criteri a.

Wave
Characterization
Module

Micro Buoy
With WCM

\ Skimmer Simulator

5 V WCM Testing, Albemarle Sound, 30Jul17

Figure 3-10: Field testing in Albemarle Sound

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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3.6 Remote User Interface: Cloud Infrastructure and GIS Web Application

The cilmfurdastructure provides backend data acaepgtance fr
interpretation of WCM i nf parnnda twiaovne scuhcahr aacstaetréi@setsii chslo €taot ia
GI'S user interface.

Fi gBfldéssa screenshotoyedns auwrerd AWwaMBrufoayc ev.i t h glalt ewla9y0 i n
mo dies shopwont imegsadeanhcl udes its wave characterization d
about the sotibrden W€tMehe ot her WCMBouhdnodmmmoodegte
WCMBuoy 9megiest wadHi ti onal docaument gtuicdpp an .

M o suoy o

WCM Buoy Tag =

9090

wosio: 9090
Time Stamp:  Sep 4 2017 17:17:31
Sutses: @ 1 success .

Number: 18

Number of WOMs
in Domain: 4

Locstion:  24.000000, -£0.642300

ilinots

Number: 5
WaveHeight 1.5m
Avg WaveMeigh: 1.8 m
Wevelengtie  18.0m
Avg Wavelentte  18.0m
Wave Period: 305
Avg Weveberios: 305

- WCM Buoy - Unitsof il
Mesurement: @ Metric O Imperial

WCM ID: #9090

View Moce Information

View Detailed Readings
e WCM Nodes
wila @ Node-9091
Tagio: 9091
Time Stamp:  Sep 4, 2017 17:17:31

suuses @ 1success °
@ Status Ok

#ofBoacons: 4

Figure 3-11: Web-based GIS user interface
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3.6.1 Software Tools

The remote cloud infrastructurel ¢aenmeidtshhaetl ognr a chees ss otf t ew aW
gatewaport messages sent to the satellite gateway and
server s:

T Ngi iXXsed as a reverse proxy to manage incoming requ:¢
which ports are open appl wbati egpsp pdPhc fNadce Gat eway
Receiver) can communicate through those ports. It w
as the web server for the GI'S web application.

1T Node Gat ewayilLRescteeinvserf or packages senecbyvedesstat ebl
processing engine

1 JavaScript ObjJeScCONE mMtoit tay | M@@rmpfeirgur ati olmefnbeéeused by
ingestion server to translate the messages into dat
or the gateway ,prtohve deenrtiictipya mgaepsihp eand t he rest of the
should be unaffected.

T Node I ngesti®BrncSesrsvienrg engine used to receive i ncomi
them into MongoDB. database entities

T MongoDB Daitlhsheads et 0 st orad d¢rtei ttir aadsdl raikmag ¢ 1tei on server.
database strswbhbaur ¢eheefihhéeties are and the data type
entities.

T ApacheiBalexi ng engine that provides fast search cap

1T Node API i Semer egardviee Node | ngdutaosead Sasvaen APl servel
the mapping application.

1T KooipDda a transl ation engine that can format the dat al
opewe bbased systems.

T TurfiSpati al data manipul ation engine used to conduct
data into GeoJSON.

T LeafilWeh-based GI' S mapping user interface that displ ay
the WCMs in the field andtthkeky wmensageerand metatus tlI

3.6.2 Cloud Infrastructure

The first component of this subsystem is the satellite
to relay information from the device to the cloud infr;
tdh system to communi cmutes wiorm fl amwrhated cadnm-tidiierteeadt Idya t iarbtacs e

The c¢cloud subsystem transl|l ates the gateway messages i n:
information in the database. Onecievetdh e rboynt et hfeo rgnaa tetweady , m
infrastructuncede xeatudveasy trhechdicvhe rp aamsgeisndg he message, r e
relevant data needed f or notdhee psryoscteesns,i nagn s eirrvveak es t he

Amazon cl oud sscearlvaebrigriotfyi de confi dence that what is don
the platform can be upgradedeaady se mppiortehn meimgahr Tdewa i d radbd U
har dwahraet ctvasen is suit aslkelre etmpenump orft tadidsi Mggi mjXect i ncl

nodegiesti omndlengeddBt abase and di splayed using Leaflet.
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3.6.3 Emulator

We also created an emulator to mimic tiatsandgl WCtMe mes
Buoy and their associatednvedep|dd yedtedfsstt he ulra ie@wa roe ¢ h
fully completed and unit tested.

3.7 Local User Interface: Application Dashboard

The native i OS application is designed to run on an i P
WCM node report messaqdzerdactehd oGl $ hestamseeard idna sah bsoiampdl.e

Figafi2ei a screenshot of therapeoticht o.mnlahdeg schpppyadgids pl ay s
deviwee are conraotugcd #HereviWieis €¢Sl),IdlreenttifpetdiCMdevi ce
WCMSabr WBMowh,lclve are viewing and atswanbtstame, wavVeng
charactBotetthat the SSID is automatically updated to
panel in the top ri ekttt edortmervi rgesetdedvatyaonhhabeswdalt hat ar e
avail aBAllarsgaotmaed on the tebkarrd|loamlde expadrit ed- vi a e ma
separated vaAldded ifomrahatf.eat wmrres pamdkpgpafd@ni ti ons

BSEE \WCM

D A S HB O ARTD

SSID: Unknown Delete All Data

Export CSV ID: Gateway ID Here

[11:38:01.933]: Opening stream at Host (192.168.4.1) and Port (333) Sep 25, 2017, 11:38:01 AM
[11:38:01.946]: Opening stream

Report Sequence Number: 5

Number Of WCMs in Domain: 0

Location: 0°, 0°
Wave Record Number: 5

Wave Characteristics:

@ Metric O Imperial
Height (meters): 0

Avg. Height (meters): 0
Length (meters): 0

Avg. Length (meters): 0
Period (seconds): 0

Avg. Period (seconds): 0

Statuses:

Figure 3-12: iPad application dashboard viewinga WCM  gateway report
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Fi g8fA3s hows the node report view when an I D in node mod

BSEE \WCM

D A S HEB OARD

SSID: Unknown Delete All Data

Export CSV ID: Gateway ID Here

Sep 16, 2017, 8:16:04 AM

Report ID Number: 5

Beacons Received: 6

Mesh Link RSSI (dBm): 10

Location: 0°, 0°

Wave Characteristics:

@ Metric O Imperial ‘
Height (meters): 0

Avg. Height (meters): 0

Length (meters): 0

Avg. Length (meters): 0

Period (seconds): 0

Avg. Period (seconds): 0

Statuses:

Figure 3-13: iPad application dashboard viewing a WCM node report

3.7.1 Software T ools and Infrastructure

The native application was developed using the Swift pi
connection afddaamdlpiacgets bet ween the WCM Wi Fi and di
hardware required is built into the iPad tablet.

The i Pdd heebe preconfigured with baktdt&88hbhand passwor
application. Once the WCM, if in gateway mode, powers |

connect to the WCM. The i Pad wlidrtireecdo gpditRalnad pockenhumbet |
using rtames mi ssi on contrmodt elt@R/)gpaPolt o/c oll ntt eor heatndps hake wit
for data transfer and confirmation.

3.7.2 Emulator

We adapted the GI'S user iwdrerWiakie tt® tsteer di Preeds sfagre su roi t
application dashboard.
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4. Ohmseltetstamad Anal ysi s

Each piece of the,sdyagtteamgarmwdhiht ¢ hteureanbedded; soft ware d
message emul ators -$aandeWBWoMe siCMet;woabdbicaly and remot e
reporting were unit tested and systemitgaestae¢d ono odhe¢ dle
repodbaeWwe. conducted field Boautidrestas aacoAlkemamwineto ref
characoboerabkgorictomdautavi@Ms yst em testiog Senpbit@h2nislert t
througedmis@&mpol7.

4.1 Facility and Equipment Setup and Configuration
The OhmaetetdshowkiiigMiied 0Betserl onme tsr@vjaded . betserdeep

R %

Figure 4-1: Wave tank at Ohmsett

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
4-1



Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

Thewave gemasr pti etFurged®leias ctahpeabicrietays ionfg waves met drgh as
and simul ated harbor chop waves. The waves are generate
hydr aulmsc and the cycles per minute (CPM) of the stroke

Figure 4-2: Ohmsett wave generator
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The AECOM team prov-Eded, VBGWMesnWMCMd e tit dawvel opment

pl atforms, batteries, mountongdbhaadwat bect Paast,sT hedWCHM
and embedded devel opmeattr @deatverrtmscalerber acket attached
mounted on a Desmi Terminator weias s&h ofmegrd-8fiel oat provi

Figure 4-3: Two WCMs, WC M-Sat, and WCM-embedded software
devel opment platform mounted to one of the Desmi Te

The Desmi Ter mi nanaosrr awneeidr isnk ianmmne aassult o vorF i ignit-e t a n k

Figure 4-4: Craning the weir skimmer into the Ohmsett wave tank
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After t-BeoWEMwere | owered into theuwatse rwe rteh es esckuirnende rt o:
main bridge to prevent excessive drift from the testin
shown i M5Fi At é met er Baninreg owelrs otrise ewateenrd wer e used f ¢
di stance to the waterod6s surface, and a MATLAB program |\
wavelength, and period. One of the 4Bxiliary bridge sel

Figure 4-5: Skimmer and WC M-Buoy deployments looking down from the auxiliary bridge

Figdberovi ded biyl [Qihshibreattteesst i ng system seBampnamd confi gl
sensors.

West

40' 8"

- i

West Aux—/

South ¢ North

East MB\
East Aux“
2 6" 21'¢"

1+ [ ok se e

50'

East
Figure 4-6: Ohmsett testing setup (top view)
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Figdi7ies a side view of theetetstwingkstblraap gleooki hdet 6 ef Ihe
and main bridge on the righwitWeslaéd swdinthepk®pgd andanch:
GoPr o pointed at the pole to record the wave heights.

Figure 4-7: Wave tank setup looking east

Tab4lesummari zes the wave conditions for all the tests p

Tabd4E Ohm@avBett iSugnaary

Test No. Date Start Time Stroke (inches) CPM Wave Type
1 9/5 1:00 p.m. 18.0 18.0 Sine
2 9/5 2:00 p.m. 18.0 20.0 Sine
3 9/5 2:52 p.m. 7.5 35.0 Sine
4 9/5 3:30 p.m. 7.5 35.0 Sine
5 9/6 10:44 a.m. 18.0 18.0 Sine
6 9/6 11:23 a.m. 18.0 18.0 Sine
7 9/6 12:00 p.m. 18.0 20.0 Sine
8 9/6 2:45 p.m. 12.0 30.0 Sine
9 9/6 3:33 p.m. 12.0 30.0 Sine
10 9/6 4:03 p.m. 6.0 40.0 Sine
11 97 12:10 p.m. 6.0 40.0 Sine
12 97 12:53 p.m. 12.0 30.0 Chop
13 9/7 2:48 p.m. 12.0 30.0 Chop
14 9/7 3:33 p.m. 3.0 35.0 Chop
15 9/7 4:01 p.m. 3.0 35.0 Chop
16 9/8 9:10 a.m. 15.0 20.0 Chop
17 9/8 10:02 a.m. 18.0 10.0 Sine
18 9/8 10:22 a.m. 45 35.0 Sine
19 9/8 10:46 a.m. 12.0 25.0 Sine (Oil applied)
20 9/8 11:46 a.m. 7.5 35.0 Sine (Advancing)
21 9/8 1:10 p.m. 12.0 30.0 Sine
22 9/8 1:37 p.m. 18.0 18.0 Sine
Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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4.2 Data Collection and Analysis

Omre powetealchupdevi cdanme aeccdyraer € charadataiThat embedded
software development platform mounteeddmitmowtteheawkd anmar a
during a@achal datt i onl ht&iCive WWERMBovd WEWMoeyacchal cdamd e
repeodvave heiwpdhmegtlhd waveTperdada tr aemasadhietvtvad fWiom

werde spl agad®Pasihored on l,andl empmptgd vi asemati &t éd waalkoe
fiwieth the option of .Dadasthbaas thhW€ eBeth sabndB WOQyM a

satewd stered in a MongoDB database and displayed on th
| oypasaved into a text file with a ulmigueetURL that can b

The WCM reponrnte $§eatures of significant wave height, p
These features are callmuhat3akaobyalf ér atainddhedattomputing
the surface el eOmnactei owne ohfa vteh ec aslecau.l at ed t he surface el ev
anal ysis to calau¢ atTemsthaecteissetai c a l anal ysMATwWAMB\F@ener at e
a westlabshed software tool(Boadfdotordan.al y2z0iOn0g) waves

Significant wave height corresponds to the average wayVv:
(Massel.Hi2@6b3) cally, significant waveghaei ghhirefefstheo
heights, and when, ciatl dehat,eSd gansiifél cwaanyt .wa vies hperiegshetn t(lHy

defintfdumsti mes the standamud fdhewi atri drouasf tti me swdwhe squ
zerotlkder nootmeentwave Bopehtahhdmddre refasesirgdi fbcant wave he
and generally have a difference in the magnitude of a

The WCM reports signijfoWeapter waveedet bt saaatibei cal ana
WAFO saorfd wwatkagent MATEL ABoblge am used at Ohmsett calcul at
wave hei ghtWAFSG enlgo\Hes spi kes that are over the maxi mum
the peak to trough amplitudest hando pti¢idlamitiag efal cul at es

There will also be some difference between raw data fr
The wave measurements from Ohmsett i n&Saugme@iT80Uosent e:
transducer versus ettrttadBawW@Mrdbeeldemeett transducer readi |
at a different frequency, and Ohmsett is wusing a diff el
di fferences between Ohmsett Tond oWPM ndatt®d Wees  tdmprectde d.
team analyzed the Ohmsett data using the statiestical a |
This pdsowvinedenor mali zation between the two data sets.

Anot her rveaarsioant ifoonr bet ween raw data fromhmdet tWCBBIVreegrsa s
the spatial differences Tihre trhed Ileoccta toinosn so fo ft hteh ewadveevsi cf e
create a complex wave field at different | ocations.
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FigdBehows the signifijoganal efaovre tthheen M (bHnoynt etdet WCMhe
ski mmer, and all thiegtHRarnearmhel Bauatyi orss rfepmr esented by t
ski mmerrepreskeatedaby, tBaenmai nepretsgetedt by t he west a
bri Bganesr represkategubédyes, and the eiastr apmxheys éetahresd br i d ¢
di a

moRidguB8fhdws that there is variation due to the | oca
30 "
°
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°
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S 24+ # +
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Minutes from Start of Test

Figure 4-8: Varied s ignificant wave height ( Hmo) due to complex wave fields during Test 2

This plot shows the significant wave height (Hno) calculation for the WCM buoy, the WCM mounted to the skimmer, and all three
Banner locations for Test 2. Here the Buoy is represented by the crosses, the skimmer is represented by the stars, the main bridge
Banner is represented by the dots, the west auxiliary bridge Banner is represented by the squares, and the east auxiliary bridge
Banner is represented by the diamonds. Here it can be seen that there is variation in the significant wave height due to location in
the tank.
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FigdPehows the significant wave hEeé f33i mielsaurl tpsl dtrsonf arh e
test amBdnepachl ocati onAgxmeinFoaen Afpopuendd. Wen used the raw dat a
the east Banner transducer tohne tdhaetpdayweartealary orosget beao
skimmer duri mMMget ke otsesxetsi mg.e t he simpgncalcahat wdvaeshpeggh
datTah e ri angnltest hree psriegsnei f i cant wave hgigbtngal bel Baad e !
dataand he dots are ;1)sheawawd ah eidg utss n(gHt hWwe afl gwmd t thima tf r
calculating the wav, hpeiogdhutc esst aatrimsgteiunBetdsldyn dgale r t han t he
wave height 9+ roeyr atheed cloHle from Ohmsett.

t
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Figure 4-9: Significant wave height results from the skimmer for Test 19

This plot shows the significant wave heights for Test 19. The plus signs indicate the significant wave height (HmO) calculated
statistically using the raw data from the WCM. The triangles represent the significant wave height (HmO) calculated statistically using
a segment of time corresponding to the WCM data from the raw Banner data. The dots represent the wave heights calculated using
the average of the top third wave height from the same segments (Hy3). Each data point represents a calculation of the significant
wave height from approximately 60 seconds of raw data.

Based on tdreeemeorsterbeat ween calcul atamg mplhyei dali ghosi Sit @
east Banrher rest ofstdwer sdamaliyfsicalAgsceabce | heieghtusi ng t he
statical al gori tdmnédm oaonn tthikeeiedgeai IBi ar vy
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he significant wave
hat for twhitshitnest,
the s(ifphiofi eanch wa\

Figdiéhows the difference between t
and Bamener dTeetd® Hfeaore it can be seen t
t h&i nch per f or ma ntcveo uctir &tl ert isa ,s hwiwti m g
t est Baannnde r | aordeaAtpipogm Bta n Ap p @ i Ix
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Figure 4-10: Test 19 WCM on skimmer versus aux East Banner

This plot shows the difference of the significant wave heights calculated for Test 19. The plus signs indicate the difference between
the significant wave height calculated statistically using the raw data from the WCM and the significant wave height calculated
statistically using a segment of time corresponding to the WCM data from the raw Banner data. Each data point represents a
calculation from approximately 60 seconds of raw data.

We are using the Bannarmr dd dtoa a9 mpunTilgeyg!| Blauent earred u Isted .f  h a
errol pefr cemthi ch apprudxiddattetpr t he wahathgdegdetast ed.

We have introduced additi oreal tewrer araw md attfhe fwegrimwe nssesd m
the data, we first determined the minute of data coll e
dat aWwkei t@en found that minute i n ttdéme nruawl Gpatusnfdisl e f r o
before thhetiMdeaawudreds aifmetret he m
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Tab4Zshowhe mean differences for Oal Bvehageest hef VWCMeath

on the ski2mmeed wrisgher and nebnd ghhuaayn 1t.h3 significant wa

calcul ated statisticalleyasusianuxitll@eanryavbhrdatgee fBrom t he
Tabd-z MeDa i f er e nAd @ess tf oHafcor Banner

Mean Difference (inches)

From Main From West Aux From East Aux

Bridge Banner Bridge Banner Bridge Banner
Skimmer 3.3 35 2.7
Buoy 2.7 25 1.3

Figditshows the mean and standard deviation of the diff
from the WCM mount ed oeasduhxe |5 kaidngree rBaanmeat hleatt eas tf .or
Di fferences against t hkeppdihder Banner data are in

25 T T T T

20

151 1

Mean Difference from WCM Wave Height (in)
) o
—o—
—eo—

_25 1 1 1
0 5 10 15 20 25

Test Number
Figure 4-11: WCM on skimmer mean and standard deviation by test

This plot shows the mean and standard deviation of differences of the significant wave height for each test using the WCM attached
to the skimmer. Each data point represents the mean of the difference between the significant wave height calculated statistically
using the raw data from the WCM and the significant wave height calculated statistically using a segment of time corresponding to
the WCM data from the raw Banner data for each test.
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gy & hows the mean and standard deviation of the diff
om t he WCM @&usawx ialbida dogheener dat a MNotleath bthdg editd not

port raw data on Folwmetlha pthed megaonf of esstit®egt i s represe
e hi skers are the stHadiatr dc arevhbeats et othleavth efacre saslt .
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Figure 4-12: WCM-Buoy mean and standard deviation by test

This plot shows the mean and standard deviation of differences of the significant wave height for each test using the WCM Buoy.
Each data point represents the mean of the difference between the significant wave height calculated statistically using the raw data
from the WCM and the significant wave height calculated statistically using a segment of time corresponding to the WCM data from
the raw Banner data for each test.
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Agai n, it is timpogpatnitalt odinfoffer ences i mMBatnmeerl ocati ons o
measurementThecaéeéflbasti ons of the wavescfomphmetxhevawviedes
fieldd fdteoeati ons throughout the wave tank, where each
experiences different wave FKiognddli& o mparefotthemmasnr &r e di
Banner sensor to the east auxi |l isarvyerhbarli doguet | B annerresr asnedn sl
standard deviations bet wem®mn ntumd etr wodcBd eersid sshBaemoberr s

i provi dheg enk.
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Figure 4-13: Mean difference of main bridge Banner versus east aux bridge Banner

This plot shows the mean and standard deviation of differences of the significant wave height for each test between the main bridge
Banner and the east auxiliary bridge Banner. Each data point represents the mean of the difference between the significant wave
height calculated statistically using 80-second segments of the raw Banner data from Ohmsett. While there is small measurement
error in the wave heights being measured by the Banner devices, there is a measurement uncertainty in the wave height due to the
location of the device collecting data. This is due to the complex wave field generated in the tank.
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Each test had on average 14 periods of dat ancdoltlheecti on
| ar qqauatb er of @ 38T lae prod ant swas chafl comdliangdt herditfference be
significant wave height of the WCM and Wehet hBeann nteoro kd at thae
mean and standard deviati on dfed#theBaS8thivief esriennd e@ag fmerane
di fferences betweeasautkRelbwBWgenB&nhheedh abut | arge discrep
in the standéavwd ede hieatsit@amdae d4i dse Rnarhi @amdBt sr i8nerdh.

Figdidghows the plot of the diffeaemegelbbatiwyeeBanhher WCM
significant wave Heidd Fi ged Bschuolwast itohnes pfloort of t he differ
WCM andasdunegi Ibr adge Banner si dirciaflicoud mtT eBanvseldhoeai gt can b

seen that there was I|little variati 0@d4,n wheaBtenidgrai f i cani
few outliers that increased the standard deviati on.
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Figure 4-14: Difference between the WCM and the east auxiliary
bridge Banner significant wave height calculations for Test 14
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FigdiBThis is a plot of the difference between the WCM
significant wave Hei8dht calcul ations for
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Figure 4-15: Difference between the WCM and the East Auxiliary
Bridge Banner significant wave height calculations for Test 8
For both skimmer and buoy, the mean values furthest fr

the waves creianellir bkeS8tClPEE &8I Ng of t he Tvha we cgemedreast car .| a
sinusoidal wave with aapprgoiifZidicteedWwewdbeeti eeeghheofdi scr e
bet ween the wave height ghda swaldwees tidni tglhédedt vedikier ses o f

pictafrkes wave tank compareddftor tthreaicminngWe wanschIwgo tuastth ms
data i n oupnedne rwactoempl|l ex conditions wusing bTohteh otpheen buoy a
water condddeeéewantserwewaev es wittha pgi rvoaxtientb ededwhi | e t he water
depth at Ohins&txtcewas i & ywtohredicthiogpns, t he wave wawn&s produc

wi t otahlel energy movinghi®s oneadédemodi enl at er al motion o
open wWeewmlisdhe scal ar magnitude of the three axes to ca
mot iwamot t alkercoamdasol ded into the wave height calcul a
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Figure 4-16: Albermarle Sound testing

Figure 4-17: Ohmsett Stroke 18, CPM 18

Pictures from data collection on the Albermarle Sound, Figure 4-16 versus the Ohmsett wave tank, Figure 4-17. The top picture
shows the wave condition on the Albermarle Sound. We used the buoy and a WCM connected to a mockup of a terminator skimmer
to collect wave data from deep water waves in complex conditions. The bottom picture shows the waves generated at Ohmsett. We
collected data from the buoy and a WCM attached to a terminator skimmer. The waves generated at Ohmsett were consistent

sinusoidal waves in shallower water conditions.
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We cal dtuhpetrdoygddi v hAe magtr der nmofmetnhte wave speatdeam by t he
moment of the Waevéeospdctham.this was equivalent to the

Wecallau edvaviee [leyngdihvi di ng the significant heThhs by t he
resulted in shohtaar measvelrengoimst he side of Thhee ctoadnek or
used at Ohmsett esti matoetshfdi toes tilRavpeéreanigd Wabaes #digam. does
not seem to be used muchHhn itnhed en eewdmirpeicatsgenesaTald ikrecat e .

value to steepness as a valwue that may prove more usef.

4.2.1 Wave Reflections

The variation obser vedHbayndhhemsheetitg hitn ocfiad actus idit goladé | wa d e
4@ercentt also appedarhse tlloatg eirn pgeen erdal slhno wa dad iltairogne rt od i
interference from refdeccan sotnrsu ¢(tciomes tirrutceri fveer eemaode ) , wave
twice the whekor delpe hOli®sett tank) experienavéhifcthi cti on
influences the wave wpeedaxmrd poaovfaktddreltishosp twoaeVtshe.

someti mes have fAhot spotso and can creatRanhnieggher val ue:
measurement | ocat i oAncsc odrudriinngg tao h@ehsm ssagrtiin &ksetl ayf fd,ue t o t he
constructiwe/ dester d etr e Foe x a inpleeddS twrad®B&P M 8) & ad
significantdiwdwbemereght bri dge oBhaonrnee riihseentns bos tl-he s ame
mi nute time window. This | arge variance accounts for s
seenmftrine s-mommeed WCM -BiinagwhNCcehr ew posi ti oned bBaswWween t he
and weaxti | i aBwgn hseerndsgoer s .

We concl ude t haVWeSMtethred WeEMopyer f or med wemawdkabl gbl e to
accurately reportitiocrmd.i zed twaes ev a&roinadt i on observed bet w
anduxi bradge Banner sensors show, complex wave fields ¢

wave characterization modules demonstrate wherlyocali ze
areas are critical i nbenakodv@gei nmet meds deicélad ocess wave
char actwirlilsthuanee ratthariestpyat i al vari ations$ hieemagd hree wawte si, s e
nearby.

4.2.2 Oil Spray

Pri olred9@®hmsett staff sprayed crudteheidkommahdwmndeivih ces
Figdfi8and theFbhbgey &&ion whetthkkeer e was any degradation in

The crude oi l did not have anycadmmsuwreirg@atbil roes peofrftei cntg oanb itl|
the devices. Any residue or coating pbt mattaleanluaan t he
the radio frequency (RF) si gnanddc 4 atcd luldiitneg.| &SBYWS ii aallFliyy, |
conduwe residues such as oil have a | ower attenuati on
degradation. We also increased the separation of the i

ineh to furRReattebedpip@EmEf or fduettahielrs and anal ysi s.
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Figure 4-18: Oil -covered WCMs mounted to the skimmer

Figure 4-19: Oil-covered WCM -Buoy
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4.2.3 Towed Test

Pri ofre 20,ave posi ti oned t he bmoisdtg essi dteo otfh et hned evszhveee nt a n k . [
started towing the ski muerylvwikBnmtWoMarand hwWCMouatsh end o
pictuFeddR@ We did not observe or record any issues Wi
t owi ng o Ppheer amteiaonn .si gni f iacnadn ts twaanvdea rivde relgehwti aa i omo mpar ed

s ameavtey pe® siBrs afh d

.

iy

JI %
3

Figure 4-20: Towed test
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4.3 Integrated System Demonstration

The AECOMmsted several configudati ofgdsaoyashdOdeisnete. sett i
ordted i ncrease the number of data poWEMsatttumchegde&aoht he
ski mmer and o thaewayywhest aanal yzed in the previ oWELMsection.
WCMSatand WEWMocyonf i jar ednboar d waavl ec ucl haat ri aocnta eortf iosntoimoas sa n d

reporting dfo whee | dxtad appliiacdMiFonedaskebGh Sdiuser inter

satellite to showtesd avavemphatactemdzati on solution

Several tests with oanmdieddi ewvratwieg htlyipgeh$theadn shi eglnow i cant wave
Hhgcal cuffmemdt he Ohmset ti shhanvme rwidehndartsa sent through Wi
application with screenshots and data sent Tthher dPghd sat

application scQGoeocerndsihnoattsedarbiipEashl dd@vimee has a unique
associated Wi Fi servifrbe $®t andefSi Di are(SSI D).

T WCM (I D: 288988113, SSID: WCME243),
T WCMSat (I D: 28988088,an3lSI D: WCM7FES3)
i WCMBuoy (I D: 288988119, SSID: WCM4320)

The WCM,-SaygMd WEWMoRe por ts ttaiompe oli dlantng exd t hr efu gh t h e
ti meswhetphe i Pad application received thBhedaf®e characte
Cal cul ationodomemdWongomheut e ti me windows frdm each of

covertitnees todmpesac h WeM,t VeGOMB WM e GPS was di sabled on th
t he GPS and s amaallilsiatbd endo dodBm tthoe aWa M wf f oqu enptrteavav e da
updabhescsatubse GPS and satellite modem add sever al mi nut e

The WEMt acquires a GPS signal after recording wave dat
transmissi orh.e TWCaM eafndrueaNC Mr epor tl &g mel & a ajecsainatl wav e

hei ght cul atwii mmdboywindtag fseenvc onds . Howeiveirt i é&cladza®&tfeiSdret we en
60anfecaondher etfhdiriseme brf 6 et heul atwii o otwi meso attditdmeeds t a mp
recotn dedtulpih fnies sage

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

4.3.1 Test 1371 Chop, Stroke 12.0, CPM 30.0

FigdRPré& hows the testing configuration and Theg3bor chop w
There were | aragvee afnrdo nvtasr itendr o wmghout the tankeagslnoted b

submerged by the oncoming wave and the sizeable peak c

Figure 4-21: Test 13 Chop wave conditions i Stroke 12.0, CPM 30.0

Tab4-Fsummari zes &aes fi&rotmpoanr ionfg t-ditet & dkh endaneWC MS d&rnedp oWQa M d
significans twheeshghipght c acnal cwalvaet ehde ifgrhotns t T eOhms bbbt Ba
chop and wave generator settings created |l arge and
during t8&eb52: b6 mewhpiecrhi otdhei ndi f f erence bet ween the
was moreitnkedn TBe WCMSandrW@Mrted significant
heights observed.

var |
mai n
wave hei

Tab?23%Hnmf ofreslBi Cho 8t r olkedCP M 0 0

Hmo Calculation Main Aux West  Aux East Report Hmo

Time Window (inches) (inches) (inches) Device Timestamp  (inches)
2:5471 2:55 37.0754 31.0411 28.6106 WCM 2:56:04 36.6141
2:551 2:56 28.3820 21.5642 20.2099 WCM-Sat 2:56:34 30.7086
2:56 71 2:57 36.6519 26.4310 26.0352 WCM 2:57:59 31.8897
2:571 2:58 27.5223 28.0460 22.0279

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

Figdrad s a
D WCME243.
ocat.i
T hieg hmta vien hmet er sO winBt emre pd6 o &dl.
diudge mog et heo® dé ew

SSI
The |
wi ndow.
t he |
i Pad.

[14:43:49.148]:
[14:43:49.164]:
[14:43:57.435]:
[14:43:57.437]:
[14:43:59.430]:
[14:43:59.435]:
[14:43:59.437]:
[14:43:59.467]:
[14:43:59.473]:
[14:43:59.475]:
[14:43:59.476]:
[14:43:59.482]:
[14:43:59.483]:
[14:43:59.484]:
[14:43:59.494]:
[14:43:59.501]:
[14:43:59.503]:
[14:43:59.512]:
[14:43:59.522]:
[14:43:59.523]:
[14:43:59.534]:
[14:43:59.545]:
[14:43:59.547]:
[14:43:59.548]:
[14:43:59.559]:
[14:43:59.5601]:
[14:43:59.561]:
[14:43:59.573]:
[14:43:59.585]:
[14:43:59.5861]:
[14:43:59.599]:
[14:43:59.613]:
[14:43:59.614]:
[14:43:59.615]:

(14:43'59 62 0000001t
[14:43:504 122000000 (0)

eft

BSEE \WCM

D A S HB O ARD

Th
on i s

Opening stream at Host (192.168.4.1) and Port (333)

Opening stream

Stream Event: Open Completed
Stream Event: Waiting for data...
Stream Event: Has Bytes Available
Fetching data from stream
Found 39 bytes

Byte[000] 01101001 (105)
Byte[001] 00000000 (0)
Byte[002] 00100111 (39)
Byte[003] 00000001 (1)
Byte[004] 10111010 (186)
Byte[005] 01010010 (82)
Byte[006] 11010001 (209)
Byte[007] 00000000 (0)
Byte[008] 00000000 (0)
Byte[009] 00110010 (50)
Byte[010] 00110110 (54)
Byte[011] 01100001 (97)
Byte[012] 00000000 (0)
Byte[013] 00000000 (0)
Byte[014] 00000000 (0)
Byte[015] 00000000 (0)
Byte[016] 00000000 (0)
Byte[017] 00000000 (0)
Byte[018] 00000000 (0)
Byte[019] 00000000 (0)
Byte[020] 00000000 (0)
Byte[021] 00000000 (0)
Byte[022] 00000000 (0)
Byte[023] 00001000 (8)
Byte[024] 00000001 (1)
Byte[025] 00000000 (0)
Byte[026] 00000000 (0)

e
mi

SSi

SSID: WCME243

screeapploitcatfi amedashboard
tiimEasampni StgndvdiTd WMiomet her
bgeneseaf eGP SFiwas darnmsarmblied, t |
over |

ng

t he

Delete All Data

dat a

Export CSV

aTsh e
retrieve

ID:28988113

2017-09-07 09:56:04 +0000

Report Sequence Number: 103
Number Of WCMs in Domain: 0

Location: 0.0°, 0.0°

Wave Record Number: 1

Wave Characteristics:

@ Metric O Imperial

Height (meters): 0.93
Avg. Height (meters): 0.444
Length (meters): 2.21
Avg. Length (meters): 1.699
Period (seconds): 2.0

Avg. Period (seconds): 1.8...

Statuses:

1Error:
No GPS Fix

Figure 4-22: Test 137 Application dashboard screenshot of WCM 28988113 at 2:56 p.m.
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

Figdra@ s a screeapmhmloitcatfi ammedashboar-8afrwmthnl DPa2a89880W
SSI D WCM7FE3 wave characterization reportatrée pourgthe dWi Fi
because a GPS signal was-Satquéepedtidogi sgqt8Bme¢t®WEMA hei gl
30.i7Tdhedh was repor tppedioatal2:themel s

BSEE \WCM

D A S HB OARD

SSID: WCM7FE3 Delete All Data Export CSV 1D:28988088

[14:56:34.143]: Fetching data from stream

[14:56:34.175]: Found 39 bytes 2017-09-07 09:56:34 +0000
[14:56:34.217]: Byte[000] 01101000 (104)

[14:56:34.245]: Byte[001] 00000000 (0) Report Sequence Number: 1
[14:56:34.273]: Byte[002] 00100111 (39)

[14:56:34.300]: Byte[003] 00000001 (1) Number Of WCMs in Domain: O

[14:56:34.327]: Byte[004] 10111010 (186)
[14:56:34.354]: Byte[005] 01010010 (82)

[14:56:34.381]: Byte[006] 10111000 (184)
[14:56:34.408]: Byte[007] 00100001 (33)
[14:56:34.436]: Byte[008] 01000100 (68)
[14:56:34.464]: Byte[009] 01010010 (82)

[14:56:34.492]: Byte[010] 10100100 (164)

[14:56:34.519]: Byte[011] 00000001 (1) e ol °
[14:56:34.547]: Byte[012] 00000000 (0) el
[14:56:34.575]: Byte[013] 00000000 (0) Wave Record Number: 1
[14:56:34.602): Byte[014] 00000110 (6)

[14:56:34.629]: Byte[015] 00101011 (43) Wave Characteristics:
[14:56:34.658]: Byte[016] 00010111 (23)

[14:56:34.686]: Byte[017] 11110100 (244) : i
[14:56:34.714]: Byte[018] 10110010 (178) @ - O imperia
[14:56:34.743]: Byte[019] 10111100 (188) Height (meters): 0.78
[14:56:34.771]: Byte[020] 00000000 (0) .

[14:56:34.800]: Byte[021] 00000000 (0) Avg. Height (meters): 0.277

[14:56:34.828]: Byte[022] 00000000 (0)

[14:56:34.857]: Byte[023] 00000000 (0) Length (meters): 1.97

[14:56:34.886]: Byte[024] 00000001 (1) Avg. Length (meters): 1.38
[14:56:34.916]: Byte[025] 00000000 (0)

[14:56:34.945]: Byte[026] 00000000 (0) Period (seconds): 2.0
[14:56:34.974]: Byte[027] 01001110 (78) ,

[14:56:35.003]: Byte[028] 00000000 (0) Avg. Period (seconds): 1.6...
[14:56:35.031]: Byte[029] 00000000 (0)

[14:56:35.060]: Byte[030] 11000101 (197) Statuses:

[14:56:35.089]: Byte[031] 00000000 (0)
[14:56:35.119]: Byte[032] 00000000 (0)

[14:56:35148]: B 00000010 (2)
[14:56:35.177]: 5000 (0) A ,A

"\4"‘7:‘,613-"—‘ pr "o )

Figure 4-23: Test 1371 Application dashboard screenshot of WCM-Sat 28988088
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

wemM | D 28988088 but reporte

P& hows the aamei gltremo m
f i gtutr ewavhe vesaeripko swiletalc at i o |

Fig

the r &n&t eser interface. This

tismeamp ofp2mbB&n3ad8 GPS | ock wa sh eaf cohhiee vweadv,e wehhiacrha citser i z a
repowasent out torosugmt WIiFa satellite. The wave height i
met er

Hello, benschreib

SEE

Sensor Application
WCM sat (%]

'
e~ WCM Sat Tag

$ 2
s 28988088 wewmip: 28988088
3 el
-WCM Sat- EE
| - Timestamp:  Sep 7, 2017 14:55:32
[Part of the Deployment] Seatinia
Report Sequence
WCM ID: #28988088 e 4
View More Information Number of WCMs in
= Domain: 0
2 \ ¥\
3 Location: 40.424700, -74.067600
2
s 0 Wave Record
& Number: 1
o
=
Wave Height: 0.8 m
Avg. Wave Height: 0.1 m
Wavelength: 2.0m
a Avg. Wavelength: 1.3 m
@
>
g Wave Period: 2.0S
=
2 Avg. Wave Period: 2.2 S
(<)
= Units of
Measurement: ® Metric Imperial
BAY AvE
w
> View Detailed Readings
Waterfront Earle o
[
v
FLORENCE avg
[=)
o
>
a
2
<
s
&
<)
< w
=~
<
&
<
[=}
o
+ S
o
>
bor
@ v

(PP

<

Figure 4-24: Test 137 GIS user interface screenshot of WCM -Sat 28988088
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

4.3.2 Test 1571 Chop, Stroke 3.0, CPM 35.0

FigdRBhows the testing configuration and ThegtiboThehop w
stroke was relatimedgr astholry ,sipzeod uwawngs.

Figure 4-25: Test 15 Chop wave conditions i Stroke 3.0, CPM 35.0

Tab4-Zhi ghl i glhtts tdaef wave char aaoatr émigzdteswinnid epiogrisf i cant
hei gthotree WCM assdtWa@Mar t he si gngédnerdanttentivea va mredrg hd esns o

Tab4-4&Hnf ofreslsi Chot r 8keCPM5. 0

Hmo Calculation Main Aux West Aux East Report Hmo

Time Window (inches) (inches) (inches) Device Time stamp (inches)
4:081 4:09 14.0213 15.5726 12.2604 WCM 4:08:51 14.1732
4:097 4:10 10.5187 9.9354 12.2864 WCM-Sat 4:09:42 10.6299
4:1071 4:11 12.9406 10.1315 14.6415 WCM 4:10:47 9.8425
4:1671 4:17 12.2832 13.0043 13.3524 WCM 4:17:07 15.7480
4:177 4:18 10.6827 12.2256 10.1522 WCM-Sat 4:17:55 15.7480

Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

I nterestingly, boiShtt hTecWCMehnthaWW@&M dap @r: o6 dnas .ethdy

The WEMt reported via Wekcicndgfptroexi tmae eWgM6&®r t he amount
for the GPS toaadlgenre®emadsognaéd wave characterization
deviwerse recording data durménngdeoondo veetrifeou nthed staonet he

ski mmeére, significwas wheesheaeghor alpptr o xd2nadneds ,h i grhley
than what was measured by the auxiliary east Banner se|

Figdré a screenshot oft hehWCM.eport from

Delete All Data

BSEE \WCM SSID: WCME243

D A S HB OARD

Export CSV ID: Gateway ID Here

[16:01:22.106): Opening stream at Host (192.168.4.1) and Port (333) 2017-09-07 11:17:07 +0000
[16:01:22.118):  Opening stream

[16:03:02.239]: Stream Event: Open Completed Report Sequence Number: 141
[16:03:02.241): Stream Event: Waiting for data...

[16:03:04.227]: Stream Event: Has Bytes Available Number Of WCMs in Domain: 0

[16:03:04.233): Fetching data from stream
[16:03:04.235]): Found 39 bytes

[16:03:04.263]: Byte[000] 01101001 (105)
[16:03:04.270]: Byte[001] 00000000 (0)
[16:03:04.271): Byte[002] 00100111 (39)
[16:03:04.272]: Byte[003] 00000001 (1)
[16:03:04.279]: Byte[004] 10111010 (186)

[16:03:04.280]: Byte[005] 01010010 (82) Location: 0.0% 0.0°
[16:03:04.281): Byte[006] 11010001 (209)

[16:03:04.290]: Byte[007] 00000000 (0) Wave Record Number: 1
[16:03:04.298]: Byte[008] 00000000 (0) .
[16:03:04.299]: Byte[009] 01000100 (68) Wave Characteristics:
[16:03:04.309]: Byte[010] 01011110 (94)

[16:03:04.319]: Byte[011] 10000110 (134) @ Metric O Imperial
[16:03:04.320): Byte[012] 00000000 (0) .

[16:03:04.331): Byte[013] 00000000 (0) Height (meters): 0.4
[16:03:04.342): Byte[014] 00000000 (0) : :
[16:03:04.343): Byte[015] 00000000 (0) Avg. Height (meters): 0.321
[16:03:04.344]: Byte[016] 00000000 (0) Length (meters): 1.76
[16:03:04.355]: Byte[017] 00000000 (0)

[16:03:04.356]: Byte[018] 00000000 (0) Avg. Length (meters): 1.641

[16:03:04.357): Byte[019] 00000000 (0) ; :
[16:03:04.369]: Byte[020] 00000000 (0) Period (seconds): 2.0

[16:03:04.381]: Byte[021] 00000000 (0) Avg. Period (seconds): 2.0
[16:03:04.382]: Byte[022] 00000000 (0)
[16:03:04.395]: Byte[023] 00001000 (8)

[16:03:04.409): Byte[024] 00000001 (1) Statuses:
[16:03:04.410]: Byte[025] 00000000 (0)
[16:03:04.411]: Byte[026] 00000000 (0) 1 Error:

[ 6]: Byte[027] 10 (18) "
AR o, A A A No GPS Fix

Figure 4-26: Test 1571 Application dashboard screenshot of WCM 28988113
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

FigdRd a screenshot of thi-$Satr.eport from the WCM

BSEE \WCM

D A S HB O A RD

SSID: WCM7FE3 Delete All Data Export CSV ID:28988088

[16:01:12.245]: Opening stream at Host (192.168.4.1) and Port (333) 2017-09-07 11:17:55 +0000
[16:01:12.258): Opening stream

[16:01:25.833]: Stream Event: Open Completed Report Sequence Number: 1
[16:01:25.835): Stream Event: Waiting for data...

[16:01:28.436]): Stream Event: Has Bytes Available Number Of WCMs in Domain: 0

[16:01:28.441): Fetching data from stream
[16:01:28.442]: Found 39 bytes
[16:01:28.472): Byte[000] 01101000 (104)
[16:01:28.478]): Byte[001] 00000000 (0)
[16:01:28.479): Byte[002] 00100111 (39)
[16:01:28.480]): Byte[003] 00000001 (1)
[16:01:28.488]: Byte[004] 10111010 (186)

[16:01:28.489]: Byte[005] 01010010 (82) Location: 40.4249°, -74.0675°
[16:01:28.491]: Byte[006] 10111000 (184)

[16:01:28.498]: Byte[007] 00100001 (33) Wave Record Number: 1
[16:01:28.508): Byte[008] 01000100 (68) o
[16:01:28.509]: Byte[009] 01100010 (98) Wave Characteristics:
[16:01:28.518): Byte[010] 00010001 (17)

[16:01:28.529]: Byte[011] 00000001 (1) @ Metric O Imperial
[16:01:28.530): Byte[012] 00000000 (0) .

[16:01:28.542): Byte[013] 00000000 (0) Height (meters): 0.4
[16:01:28.553): Byte[014] 00000110 (6) : \
[16:01:28.555): Byte[015] 00101011 (43) Avg. Height (meters): 0.272
[16:01:28.556): Byte[016] 00011000 (24) Length (meters): 0.94
[16:01:28.566]: Byte[017] 11110100 (244)

[16:01:28.567]: Byte[018] 10110010 (178) Avg. Length (meters): 1.39
[16:01:28.569]: Byte[019] 10111101 (189) : '
[16:01:28.581]: Byte[020] 00000000 (0) Period (seconds): 2.0
[16:01:28.582): Byte[021] 00000000 (0) ; 2
[16:01:28.583): Byte[022] 00000000 (0) Aug. Period (saconds)=24

[16:01:28.597): Byte[023] 00000000 (0)

[16:01:28.611):  Byte[024] 00000001 (1) Statuses:
[16:01:28.612): Byte[025] 00000000 (0)
[16:01:28.626]): Byte[026] 00000000 (0)
[16:01:28.642): Byte[027] 00001110 (14)
[16:01:28.643]): Byte[028] 00000000 (0)

[16:01:28.644]: Byte[029] 00000000 (0)
§is01:286 101000 P - -

Figure 4-27: Test 1571 Application dashboard screenshot of WCM -Sat 28988088
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

tinterface.

FigdR8&hows t hi sher e®loS tu soenr
BSEE Hello, benschreib
Sensor Application
— ¥ WCM sat %]
WCM Sat Tag

S

28988088 28988088

-WCM Sat - wewmip: 28988088
[Part of the Deployment] Time Stamp:  5ep 7, 2017 16:17:06

aQ
g WCM ID: #28988088 S
2 View More Information Report Sequence
§ Number: 1
S Number of WCMs in
z pomain: 0
a
: Location: 40.424900, -74.067600
g Wave Record
= Nombar: 1
S
= Wave Heighe: 0.4 m
Avg. Wave Height: 0.3 m
wave Length: 0.9 M
Avg. Wave Length: 1.5 M
Wave Period:  2.0°S
Avg. Wave Perioa: 2.0 S
A Units of
= Measurement: ' Metric Imperial
a
= View Detailed Readings
&
(S
=
w
>
<
o
<
a
g
&
BAY AvE
- w
— 5 B
Figure 4-28: Test 1571 GIS user interface screenshot of WCM  -Sat 28988088
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

4.3.3 Test 171 Sine, Stroke 18.0, CPM 10.0
Figdr8 s a picture of the relatdwrifrggismal |l sine waves (¢

Figure 4-29: Test 171 Sine, Stroke 18.0, CPM 10.0

Tab4fhi ghlwagvhet sc har act erfirzoant iTesowd@d @ gr s$ gni fi cant wave h
the WCM aisdatWCMcated on the skimmer generated the same
approxi maeebdgedl6a0y i n-Stahe rW@Mrt through Wi Fi to the appl
because of the GPS initiaBuicayhtseporsaesqaenscei | Ahe w&/C€R he
three repbirfcsh waft hsemver al Banner sensors.

Tab#4% Hnf oTre slfi Si n®t, r dlkBe WP M 0 0

Hmo Calculation Main Aux West Aux East Report Hmo
Time Window (inches) (inches) (inches) Device Timestamp  (inches)
10:147 10:15 5.3056 3.2253 3.1773 WCM 10:15:17 2.3622
10:157 10:16 3.4383 2.1018 2.0757 WCM-Buoy 10:15:32 3.1496
WCM-Sat 10:16:28 2.3622
Prepared for Bureau of Safety and Environmental Enforcement (BSEE) E16PC00015 AECOM
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

FigdBE& sl acal application dashboard screenshot of
WCM as | Taldddd i n

BSEE \WCM SSID: WCME243

O A R D

Delete All Data Export CSV ID: Gateway ID Here

. Fetching data from stream
: Found 39 bytes
Byte[000] 01101001 (105)

2017-09-08 05:15:17 +0000

: Byte[001] 00000000 (0) Report Sequence Number: 236
[09:51:07.583]): Byte[002] 00100111 (39)
[09:51:07.624]): Byte[003] 00000001 (1) Number Of WCMs in Domain: 0

[09:51:07.637]: Byte[004] 10111010 (186)
[09:51:07.650]: Byte[005] 01010010 (82)
[09:51:07.691): Byte[006] 11010001 (209)
[09:51:07.733): Byte[007] 00000000 (0)
[09:51:07.774): Byte[008] 00000001 (1)
[09:51:07.787): Byte[009] 00111001 (57)
[09:51:07.799]: Byte[010] 10010110 (150)

[09:51:07.841): Byte[011] 11011111 (223) f 00 000
[09:51:07.854]: Byte[012] 00000000 (0) foestiork C.07i0.0
[09:51:07.866]: Byte[013] 00000000 (0) Wave Record Number: 1
[09:51:07.908]: Byte[014] 00000000 (0)

[09:51:07.951): Byte[015] 00000000 (0) Wave Characteristics:
[09:51:07.992): Byte[016] 00000000 (0)

[09:51:08.005): Byte[017] 00000000 (0) g .
[09:51:08.018]): Byte[018] 00000000 (0) @ Mevic O Imperia
[09:51:08.059): Byte[019] 00000000 (0) Height (meters): 0.06
[09:51:08.102): Byte[020] 00000000 (0) )

[09:51:08.143): Byte[021] 00000000 (0) Avg. Height (meters): 0.055

[09:51:08.156]: Byte[022] 00000000 (0)

[09:51:08.169]): Byte[023] 00001000 (8) Length (meters): 3.56

[09:51:08.210]: Byte[024] 00000001 (1) Avg. Length (meters): 2.964
[09:51:08.253): Byte[025] 00000000 (0)

[09:51:08.294]: Byte[026] 00000000 (0) Period (seconds): 3.0
[09:51:08.308): Byte[027] 00000011 (3) .

[09:51:08.321): Byte[028] 00000000 (0) Avg. Period (seconds): 2.5
[09:51:08.365): Byte[029] 00000000 (0)

[09:51:08.377): Byte[030] 11000100 (196) Statuses:

[09:561:08.390]: Byte[031] 00000000 (0)
[09:51:08.433]: Byte[032] 00000000 (0)
2 : Byte[ 00000010 (2)

1Error:
No GPS Fix

Figure 4-30: Test 171 Application dashboard screenshot of WCM 28988113
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

FigdB&@ s a screenshBbuoyfwawe WCaWw acteri zation report

BSEE \WCM

D A S HB O A RD

SSID: WCM4320 Delete All Data Export CSV 1D:28988119

[10:15:30.718]: Opening stream at Host (192.168.4.1) and Port (333) 2017-09-08 05:15:32 +0000
[10:156:30.731]:  Opening stream

[10:15:30.896]: Stream Event: Open Completed Report Sequence Number: 22
[10:15:30.897]: Stream Event: Waiting for data...

[10:15:32.502): Stream Event: Has Bytes Available Number Of WCMs in Domain: 0

[10:15:32.506]: Fetching data from stream
[10:15:32.507]: Found 39 bytes
[10:15:32.530]: Byte[000] 01101001 (105)
[10:15:32.5637]: Byte[001] 00000000 (0)
[10:15:32.538]: Byte[002] 00100111 (39)
[10:15:32.539]: Byte[003] 00000001 (1)
[10:15:32.545]: Byte[004] 10111010 (186)

[10:15:32.546]: Byte[005] 01010010 (82) Location: 0.0°, 0.0°
[10:15:32.547]): Byte[006] 11010111 (215)

[10:15:32.556]): Byte[007] 00000000 (0) Wave Record Number: 1
[10:15:32.563): Byte[008] 00000000 (0) L
[10:15:32.565]: Byte[009] 00010000 (16) Wave Characteristics:
[10:15:32.575]: Byte[010] 00010100 (20)

[10:15:32.585]: Byte[011] 00010110 (22) ® Metic (O Imperial
[10:15:32.587]): Byte[012] 00000000 (0) :

[10:15:32.596]: Byte[013] 00000000 (0) Height (meters): 0.08
[10:15:32.607]: Byte[014] 00000000 (0) : )
[10:15:32.609]: Byte[015] 00000000 (0) Avg. Height (meters): 0.08
[10:15:32.610]): Byte[016] 00000000 (0) Length (meters): 2.35
[10:15:32.622]: Byte[017] 00000000 (0)

[10:15:32.623]: Byte[018] 00000000 (0) Avg. Length (meters): 2.35
[10:15:32.624]: Byte[019] 00000000 (0) ) i
[10:15:32.636]: Byte[020] 00000000 (0) Period (seconds): 3.0
[10:15:32.649]: Byte[021] 00000000 (0) Avg. Period (seconds): 3.0
[10:15:32.650): Byte[022] 00000000 (0)

[10:15:32.663]: Byte[023] 00001000 (8)

[10:15:32.676]: Byte[024] 00000001 (1) Statuses:
[10:16:32.677]: Byte[025] 00000000 (0)
[10:15:32.678]: Byte[026] 00000000 (0) 1 Error:

:32.693]: By 00001000 (8) i
| g e s N N

Figure 4-31: Test 171 Application dashboard screenshot WCM -Buoy 288988119
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

FigdB&a s a screensh®at orffepgdcret WCMom the | ocal applicatio

BSEE \WCM

D A S HB O A RD

SSID: WCM7FE3 Delete All Data Export CSV 1D:28988088

[10:16:26.545]: Opening stream at Host (192.168.4.1) and Port (333) 2017-09-08 05:16:28 +0000
[10:16:26.556]: Opening stream

[10:16:26.715]:  Stream Event: Open Completed Report Sequence Number: 1
[10:16:26.716]:  Stream Event: Waiting for data...

[10:16:28.336]: Stream Event: Has Bytes Available Number Of WCMs in Domain: 0

[10:16:28.342]: Fetching data from stream
[10:16:28.344]: Found 39 bytes
[10:16:28.367]: Byte[000] 01101000 (104)
[10:16:28.373]: Byte[001] 00000000 (0)
[10:16:28.375]: Byte[002] 00100111 (39)
[10:16:28.376]: Byte[003] 00000001 (1)
[10:16:28.382]: Byte[004] 10111010 (186)

[10:16:28.383]: Byte[005] 01010010 (82) Location: 40.4248°, -74.0674°
[10:16:28.385]: Byte[006] 10111000 (184)

[10:16:28.393]: Byte[007] 00100001 (33) Wave Record Number: 1
[10:16:28.401]: Byte[008] 01000101 (69) .
[10:16:28.403]: Byte[009] 01100010 (98) Wave Characteristics:
[10:16:28.412]: Byte[010] 10011101 (157)

[10:16:28.421]: Byte[011] 00000001 (1) ® Metric O imperial
[10:16:28.423]: Byte[012] 00000000 (0) ]

[10:16:28.433]: Byte[013] 00000000 (0) Height (meters): 0.06
[10:16:28.445]: Byte[014] 00000110 (6) ; y
[10:16:28.446]: Byte[015] 00101011 (43) Avg. Height (meters): 0.06
[10:16:28.447]: Byte[016] 00011000 (24) Length (meters): 2.81
[10:16:28.459]: Byte[017] 11110100 (244)

[10:16:28.460]: Byte[018] 10110010 (178) Avg. Length (meters): 2.81
[10:16:28.461]: Byte[019] 10111101 (189) i )
[10:16:28.472]: Byte[020] 00000000 (0) Period (seconds): 3.0
[10:16:28.473]: Byte[021] 00000000 (0) Avg. Period (seconds): 3.0
[10:16:28.475]: Byte[022] 00000000 (0)

[10:16:28.487]: Byte[023] 00000000 (0)

[10:16:28.500]: Byte[024] 00000001 (1) Statuses:
[10:16:28.501]: Byte[025] 00000000 (0)
[10:16:28.516]: Byte[026] 00000000 (0)

[10:16:28.5 027] 000001
,[10:16:2 3] 000 2 2 > Y .

T S - .

Figure 4-32: Test 177 Application dashboard screenshot of WCM -Sat 28988088
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Equip GRID and GRIDSAT Tags with

Accelerometers to Measure Ocean Waves
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Figure 4-33: Test 171 GIS user interface screenshot of WCM -Sat 28988088
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Equip GRID and GRIDSAT Tags with
Accelerometers to Measure Ocean Waves

4.3.4 Test 197 Sine, Stroke 12.0, CPM, 25.0
FigdBédhows the wave demdditi ons during

Figure 4-34: Test 197 Sine, Stroke 12.0, CPM, 25.0

Tab4-esummari zes a sample of the walweeddc h ®f aptaettihread @on no
WCMBuUuqQygs pictFkurgedBdi 8« cl oser to the maitrhaann & haeu xs kwersnte rB a
whereas the WGSMtambuW@CMd on the skimmer are Tchlissser to
relative positiBawiyrgr off | ¢ hitee WCiMn sti lgen i S li icamtt | ywaldewédr ei g h-
by theBWEM mi ltdhre tmai n and auxiliaryhweauxBanmerny rafséer &
2 biones higher over these time periods, ref-$aetcted by a
signi fi cheentg hwasv. e

Tab#-&Hnf oTre s1971 Si n®t, r dke WP M 5 0

Hmo Calculation Main Aux West Aux East Report Hmo
Time Window (inches) (inches) (inches) Device Timestamp (inches)
10:517 10:52 16.5516 19.8027 23.3146 WCM 10:51:38 22.04724
10:527 10:53 18.5393 17.8026 20.5176 WCM-Buoy 10:52:40 16.92913
WCM-Sat 10:53:16 18.50394
WCM 10:53:30 19.29134
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