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Bragg-scattering from a water surface



  

Over-the-horizon propagation by ground wave 
over conductive ocean



  

UH High Frequency Doppler Radio system specifications

Modulation FMCW linear chirp

Operating Frequency Range        from 3 MHz to 30 MHz 

Transmitted RF-Power typically 3-5 W, max. 50 W

Range, ocean currents 100 km/ 50 NM  @ 16 MHz

260 km/ 140 NM @ 8 MHz

Range, targets max. 260 km/ 140 NM (noise-limited)

Range Resolution      depends on bandwidth c/2B  
1.5 km @ 100 kHz,  150 m at 1 MHz  (voice 3 kHz)

Azimuthal Resolution better than  2 degrees

Past: Adriatic (ONR), Oahu (NSF), Tehuantepec (CONACyT, NSF)

Present: Philippines  (ONR, MARFORPAC), Oahu (NOAA/DHS)



  

Receiving Array  8 MHz range 260 km



  

Koko head range 110 km @ 16 MHz



  

Kaka'ako range 40 km @ 27 MHz  



  

x  =  c / 2B

B = 150 kHz -> x = 1 km

B = 1.5 MHz  -> x = 100 m

RANGE



  

•  Surface currents

• Wave spectrum

•  Wind direction
C = (gL/2π)^1/2



  

8.25 MHz,  260 km @ 2.5 W TX power

 

Doppler  spectrum

Radial Current

Kuroshio
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South Oahu instruments locations (funded by NOAA-IOOS)



  

Kaena ridge

RX

TX



http://www.pacioos.org/

PacIOOS Voyager



  

Geometric Dilution Of Precision



  

Tides in the Kauai Channel and their 
Interactions with Mesoscale Currents

C. Chavanne1 and P. Flament1

1Department of Oceanography, School of Ocean and Earth Science and Technology,
University of Hawaii, Honolulu, HI 96822, USA.



  

Period 1
(09/06/02-11/16/02)

Period 2
(03/04/03-04/29/03)

Validation:
High Frequency Radar Currents 
(16 Mhz, 1 m) 
vs.
Acoustic Doppler Current meters 
(300 kHz, 12 m)

Hawaiian Ocean Mixing Experiment 



  

Temporal spectra: 
- tides and harmonics
- inertial motions
- mesoscale currents



  

Barotropic and baroclinic M2 currents from POM
(Merrifield and Holloway, 2002)



  

M2 amplitude for Kaena radial currents from harmonic analysis



  

M2 phase for Kaena radial currents from harmonic analysis



  

Low-pass filtered currents (period 1)



  



  



  

Low-pass filtered currents (period 2)



  



  



  

Motivation: a comparison with Navy Operational Model...



Used “Lyapunov Exponents” (exponential rate of separation of fluid particles) to quantify 
stretching   λ(x,t,δo, δf) = (1⁄τ)log (δf/δo)
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Lt. Victoria Futch, M.Sc. thesis, 2009



  

Low frequency flow in Panay Strait
Ph.D. dissertation

Charina Repollo, U.P. Diliman

 characterize the dominant surface and subsurface 
flows 

 assess the wind contribution on the onset and 
growth of cyclonic eddy

 describe the influence of eddy on biology



  



  

Low-frequency time series 
obtained by

  removing the tides (t-tide)

  6-day  running median 

Data SW monsoonNE monsoonSW monsoon

   Airport 
wind

HFDR 
current 

ADCP 
current

QuikSCAT 
wind

hourly

6-day 
medianed

Low frequency 
data

IOP-09



  
Pronounced seasonal cycle

  NE monsoon, positive wind stress curl in the lee of Panay Island 
 absent during SW monsoon 

   NE 
Monsoon
              (Nov-Mar)

   SW 
Monsoon
               (Jun-Sep)

Wind stress and curl
QuikSCAT



  

Local 
wind 

 Observed and satellite-derived winds well-correlated
 Persistent northeasterly wind Oct - April 
 Variable southwesterly wind May - Sep 
 Well-defined transition periods, October and April 

SW 
monsoon

NE  monsoonSW 
monsoon

HFDR wind direction

NEM

SW
M

NEMNEMNEM

observed wind 
(airport)

satellite-derived wind 
(QuikSCAT)



  

GOOD DATA



  

GOOD DATAGOOD DATAC = (gL/2π)^1/2



Wind direction from HF radar during passage of typhoon Nalgae



  

 NE Monsoon
            (Nov-Mar)

  SW 
Monsoon
             (Jun-Sep)

 coastal jet – northward alongshore flow from the coast to the center of the eddy
 eddy – southward return flow from the center of the eddy to the west 

Surface flow (HFDR)

30 cm/s  Eddy return          coast 
jet 

                coastal jet 



  

● Time integral

Cumulative effect of wind stress curl generates divergence,
permanently lifting the thermocline and increases vorticity

(m
)

WE – Ekman pumping velocity

HE – Ekman depth, best fit = 32 m

Hg – thermocline height

∫
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    - vorticity
f    - Coriolis parameter
LG  -  radius the eddy, best fit=100km

g'   - reduced gravity
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Conclusions
 Conceptual diagram showing Ekman pumping in the lee of 

islands 
1. wind intensifies between islands 
2. wind stress variations form positive wind stress curl in the lee of Panay
3. induces divergent surface currents 
4. which in turn uplift thermocline
5. pressure gradient spins-up eddy in geostrophic balance 

    

 robust mechanism of cumulative wind stress curl to eddy kinetic energy 



  

3. Technology development: low-cost High 
Frequency Radar



  

DESIGN AND PRODUCTION OF A LOW-POWER LOW-COST
HIGH FREQUENCY DOPPLER RADIO SCATTEROMETER
FOR  COASTAL ZONE OCEANOGRAPHY

Motivations: coverage of the Pacific Island Ocean Observing System:

Needed:  ~ 60 HFR, population ~ 2M, $3.6/head
Compare: US West Coast: ~ 80 HFR, population ~40M, 
$0.25/head



  

Motivations:

Notion: commodity pricing of oceanographic 
instrumentation (Mark Abbott, 2001);  cost of instrument 
<< cost of staff

Year 150 kHz 
ADCP

1 year 
MSc tech

4-channel
HFR

HFR/
tech

ADCP/
tech

1990 150 135 200 1.50 1.10

2000 50 135 155 1.15 0.37

2010 20 135 120 0.89 0.15

1990/2010 7.5 1 1.7

(USD inflation corrected using http://www.bls.gov/data/inflation_calculator.htm) 



  

• simplified chirped FMCW HF radar (phased antenna array)
• open-source open-design freely available

• outsourced production (batches of 40 produced in < 6 months)

• minimized cost (non-profit non-subsidized,  60% hardware & 40% testing, support)

$48,000 8-channels 50 W RF (MK-II rack-mounted, 2012)

$36,000 8-channels 50 W RF (MK-III all-in-one, 2017)
$25,000 4-channels 10 W RF (MK-IV compact, expected 2021)

• scales to arbitrary number of channels (∞!) $36,000 for each additional 8-channels

• minimized power consumption

300 W DC for 8-channel 50 W RF
120 W DC for 4-channel 10 W RF

• solar/wind/fuel cell operation by default  (24-48 V DC supply thorough)

• distributed through partnerships with research institutes (share of intellectual products)

• 20 MK-II built (2012): Hawaii (7),  Mexico (10), France (2)

• 40 MK-IIIz built (2017): Woods Hole (6), Mexico (17), Quebec (2), Philippines (2),

Taiwan (4/6), France (1)

• 60 MK-IIIb built (2021): Woods Hole (5), Taiwan (21/43)

  

Objectives/achievements:



  

          
          

IQ Direct Digital Synthesizer

(Analog Devices AD9854)

Double-Balanced Mixer/quadrature detector:

I:    2 sin x sin y = cos (x-y) – cos (x+y)

Q:   2 sin x cos y = sin (x-y) + sin (x+y)
if  x= (ω + Δ ω) t    and   y = ω t then  x-y = Δ ω 
t 

Delta-sigma Analog-Digital converter

(Texas Instrument ADS1278) 

MK-III architecture



  

University of Hawaii 8-antenna complex homodyne receiver



  

Triple-DDS clocking and I/Q  TX/LO signal generator board

32-channel 24-bit ADC board

D-Tacq Solutions radar/sonar signal generator (UH 
concept)



  

MK-II: 20 built (2012) MK-III: 40 built (2017), 60 built (2021)



  



  

2022:

FCC Part 90

Certification 
approval by UL 



  

Submesoscale Dynamics over the Continental 
Shelf: Drivers and Implications for Across-Shelf 

Exchange
4 radars, 16 MHz

collaboration between U. Hawaii, Woods Hole and US Coast Guard 
Academy



  

Woods Hole:

- Martha’s Vineyard 
- Nantucket

16.15 MHz, 15 W, 100 
KHz
80 km range
(3^2-1) RX clusters



  

HF radar network for the Gulf of Mexico 15 radars, 6-8 MHz

From: Hacia la creación de una red multinstitucional de radares oceanográficos para la medición de corrientes superficiales en el Golfo de 
México, Xavier Flores-Vidal, Pierre Flament et al., Revista de la Universidad Juàrez Autónoma de Tabasco, 2015



  

Baja California: 

- Erendira
- San Quintin

8.25 MHz, 35 W, 50 Khz
240 km range
(3^2-1) direction finding cluster



  

A Surface Current Observing System for the Marianas

a collaboration between

 
University of Hawaiʻi, HI
University of Guam, GU

Northern Marianas College, CNMI (?)
Woods Hole Oceanographic Institution, MA

in the framework of the

Pacific Island Ocean Observing System (PacIOOS)

Pierre Flament, Johanna Saavedra, 
University of Hawaiʻi at Manoa, School of Ocean and Earth Sciences and Technology

Atsushi Fujimura, University of Guam Marine Laboratory

tbd, Northern Marianas College, Department of Science

Anthony Kirincich,  Ian Fernandez, WHOI, Department of Physical Oceanography



  

Objective:

Implement a permanent real-time surface current 
mapping of the Southern Marianas strait, combining High 
Frequency radar and numerical model assimilation

Complex physical environment, with a range of interacting 
processes:
● north equatorial current meandering and shedding eddies
● abrupt topography of trench coupling with barotropic and 
internal tides
● strong atmospheric forcing through trades-monsoon-
topography interactions
● intense sub-mesoscale activity associated with island-current 
interactions



  

16
0 

km



  

Site selection: Guam
● unlikely: Pati point on N edge of Anderson AFB
● most practical: Ritidian point
● require 1 km between TX and RX

● antennas can be hidden in vegetation and do not require flat ground 
(here: TX in Panay, Philippines) 



  

Guam-Ritidian, opt. 1
➔ both RX and TX in bushes near shoreline
➔ use rectangle configuration
➔ close location of TX and RX simplifies maintenance
➔ relative position of TX and RX is immaterial 
➔ clarify respective control between USFW, USAF and local owner 



  

➔ only TX near shoreline
➔ use square configuration
➔ TX on USFWS/DoI land
➔ RX cliff-top, AAFB “North field”
➔ RX on USAF/DoD land
➔ best direct path rejection
➔ broader beam
➔ better azimuth coverage

Guam-Ritidian opt. 2



  

Site selection: Tinian – NEED TO VISIT
130m



  

Path forward
1. frequency allocation: apply for FCC permit 

2. land use: apply for right-of-use and access
- USFWS/DoI
- USAF/DoD
- local land owners
- CNMI

3. construction: initiate procurement of missing components

4. explore telemetry options
The good news:
1. all radio components already procured through RCUH

(recharge account)

2. all processing and upload to HFRNet will be done by WHOI
(subcontract)

3. R&D effort for power plant shared with international partners


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Low-pass filtered currents (period 1)
	Slide 24
	Slide 25
	Low-pass filtered currents (period 2)
	Slide 27
	Transects of low-pass vorticity and divergence
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 47
	Slide 49
	Slide 51
	Slide 52
	Slide 53
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67

