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Electromagnetic propagation over conductive ocean

sky wave

ionosphere

Conductivity:
- sea water 4 /Q/m
- limestone 0.005 /Q/m
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Bragg-scattering from a water surface

Ocean Wavelength = 2 Radio Wavelength

Bragg scatter: top, resonant ocean wavelength; bottom, arbitrary ocean wavelength
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UH Generic High Frequency Doppler Radar specifications

Modulation

Operating Frequency Range
Transmitted RF-Power
Range

Range Resolution

Azimuthal Resolution

FMCW linear chirp

from 3 MHz to 30 MHz
typically 3-5 W, max. 50 W
50 km/ 25 NM @ 27 MHz
100 km/ 50 NM @ 16 MHz
260 km/ 140 NM @ 8 MHz

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

better than 2 degrees



Current deployments of UH Generic HF radars:

* Hawar’i, the Pacific Island Observing System (feeding into HFRnet):
- 5 radars at 13.5, 16 and 26.5 MHz operating on Oahu, since 2009

- 2 radars at 16 and 24.5 MHz operating on Hawai'’i, since 2012

- 2 solar-powered radars at 13.5 MHz in Guam and Rota, starting 2025

* Mexico (UABC):

- 3 radars at 24.5-26.5 MHz, covering Bahia de Todos Santos (Ensenada), installed 2015
- 2 long-range radars at 8 MHz range up to 250 km offshore Baja California, installed 2016
- 15 long-range radars at 7-8 MHz, covering the Gulf of Mexico, installed 2018

* New England (WHOI):
- 10 radars at 16 MHz mapping the New England shelf, starting 2018

e Luzon strait (UPD-MSI, with TORI):
- 3 long-range radars at 8 MHz, collaboration Philippines/Taiwan/Hawaii, 2019-2023

* Quebec (ISMER):
- 2 mobile solar-powered radars at 16 MHz deployed in the St Lawrence estuary, since 2018

* France (IFREMER):
- 1 long-range radar at 4.5 MHz over the southern Bay of Biscay, since 2021

e Taiwan (NCU; NAMR; TORI; IHMT)
- 21 radars at 25-30 MHz covering harbors around TW, since 2018



The Helical Antenna*

JOHN D. KRAUSH,

Summary—The helix is a fundamental form of antenna of which
loops and straight wires are limiting cases. When the helix is small
compared to the wavelength, radiation is maximum normal to the
helix axis. Depending on the helix geometry, the radiation may, in
theory, be elliptically, plane, or circularly polarized.

When the helix circumference is about 1 wavelength, radiation
may be maximum in the direction of the helix axis and circularly
polarized or nearly so. This mode of radiation, called the axial or
beam mode, is generated in practice with great ease, and may be
dominant over a wide frequency range with desirable pattern, im-
pedance, and polarization characteristics. The radiation pattern is

* Decimal classification: R125.1 XR326.61. Original manuscript
received by the Institute, June 7, 1948. Presented in part, 1948 IRE
National Convention, New York, N. Y., March 23, 1948.

t Department of Electrical Engineering, Ohio State University,
Columbus, Ohio.

SENIOR MEMBER, TRE

maintained in the axial mode over wide frequency ranges because of
a natural adjustment of the phase velocity of wave propagation on the
helix. The terminal impedance is relatively constant over the same
frequency range because of the large initial attenuation of waves on
the helix. The conditions for circular polarization are analyzed, and
the importance of the array factor in determining the radiation pat-
tern of a long helix is discussed.

INTRODUCTION

HELIX is a fundamental geometric form. It has
applications in many branches of physics and
engineering. For example, in mechanical systems
the helix or coil spring is a familiar structure; in electri-
cal systems, a helical conductor or inductor is a common
type of circuit element; and in many dynamic phenom-

The transmit antennas are normal-mode helical monopoles (Kraus, J.D., “The Helical
Antenna”, Proc. I.R.E. 1949 pp. 263-272). They consist of an AWG-16 vertical wire of length

A/4 wound over a mast of height A/8 and diameter A/300, a 3-loop tuning air-coil, and_a
network of 4 underground radials of length A/4 (A is the electromagnetic wavelength). The air-
coil diameter is adjusted to achieve resonance using a standard commercial VSWR meter.
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Frequency-modulated homodyne radar

» At is travel time to & return from range ————
& i ;
e Afis frequency in FFT that giveg range R T s RS0 SRS —
* Shorter times and lower frequencies
are closer ranges

* Maximum range indicates a maximum
time and maximum frequency

tn sanes

R =
* 150 km R, 100 kHz B, 1/3 s Tchirp: — N i
-At=2R/c=1ms = Frequency of Transmitted Chirp

== Frequency of Received Chirp

Chirp rate = B / Tchirp = 300 kHz/s
Af = Dt * Rchirp ~ 300 Hz
Minimum Fs for Nyquist = 600 Hz

Figure 2: Range resolution using a frequency chirp.
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Fig. 10. Principle of beamforming. After weighing by a; and phase shifting by g, the signals of n receive

antennas are added.
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Significant waveheight (Hs):
buoy vs. HF radar
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wind direction from HF radar

[dB]

: |' First Order
50| | Peak

: ‘ Second Order
40 ‘ Retumn |
0
EDE |u1|,

_ llf n‘|IL|I

: Al Doppler Shift |'|
10| l |"1|I,r’|'|| & i no Radial th

' Wy Current h

i an* .
Hf'ﬂ'v] iw“th JJII | rﬁ hln].hl rlr“J
.......... S

[Gurgel et al., 1999]

1
& :
-2 : :
1] 1
i 1
] )
1
® ¢ [ ]
RADAR RADAR RADAR
1 I 1 1
g +IIB Hz g +g Hz -y + Hz

Fig. 1: Sample distributions of surface wave en-
ergy as a function of angle relative to the wind
direction for cases with wind blowing toward
(left), at right angles to (middle), and away
from (right) the radar look direction. Sample
backscatter spectra below show relative heights
of the approaching (+) and receding (-) Bragg
peaks for each case and &' denotes the angle
between the wind and the approaching wave di-
rections.
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Figure 2. Schematic for determining the resulting vector cur-
rent from velocity components of two intersecting radials.



University of Hawaii Pacific Ocean Observing System
hourly currents
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HF radar network for the Gulf of Mexico
20 radars, 6-8 MHz
with Universidad Autonoma de Baja California
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Caveat 2: interference from ionosphere-reflected transmitters
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University of Hawaii HFR (100 built):

- all-in-one, 24V solar/wind ready

« passively cooled, no A/C

« one 2.5” 4Tb drive = 4 years raw data
« all components outsourced

« mostly commercial off-the-shelf

« qty 40 cost about $36,000




Processing HF Radar data for currents:

1. time series of digitized received antennas
2. range-resolving Fourier transform

3. Doppler-resolving Fourier transform

4. azimuth-resolving beam-forming transform

5. Doppler-shift tracking of Bragg echoes
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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



Philippine Straits Dynamics Experiment (2008)
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Wind stress and curl

(QUIKSCAT satellite radar)
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NE Monsoon
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Surface flow (HFDR)

NE Monsoon
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* 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



. Coastal jet and cyclonic eddy
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Vertical distribution of transport per unit depth (Sv m™) to Panay sill depth

* Indonesian Through-Flow (ITF) is subsurface,
under locally forced northward coastal jet



* Time integral
11.5
Cumulative effect of wind stress curl generates divergence, »
permanently lifting the thermocline and increases vorticity =~ | =7
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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

Conyer
Qe
Di\relge
G g Converg,
T %3“:—_5;&
GWI'IWE” % n
Thﬂmﬂnllnﬁ
>

Dﬂwnwe”

* mechanism of cumulative wind stress curl to eddy kinetic energy



Wind direction from HFDR during typhoon passages

(lan Fernandez, UP-MSI)
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Observations of the Luzon Strait

*adelrosario@msi.upd.edu.ph

Ra d a r Scatte ro m ete rS Affiliations

Marine Science Institute, University of the Philippines
Dilirman, Quezon City, Philippines

HEDSS HEDR TH-4m Comigh

GOMNZ HFDRS Site
i i e Bagy. Bmogen, GORTAGA, S

SANZ HFDRS 5

Bagy Doges oy, G0N

Figure 2. (a) Location of the two HF radar sites in Cagayan and the estimated coverage of the HF radar, (b) Set-up in SANZ site
showing the RX shack and eight RX antennas, TX antennas not shown. Aerial view of the HF radar sites in (c) Gonzaga, Cagayan,
and [d] Sanchez-Mira Cagayan



Novel array configuration: 372-1 grid for direction finding
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Recent development:
all-constellations GNSS synchronization:

use best PPS timing board on the market: U-Blox F9T
tested £7 ns PPS jitter on fixed position
firmware modules implemented in FPGA controller

* ntp server on local network good to 1 ms

* iterative clock-remapping of OCXO to 1 mHz using
dedicated DDS by counting clock cycles between PPS

» code to start chirp and ADC on exact PPS

clock stability to 0.01 mHz maintained i Site:dj00 Channel 01 Autospectra (5000 chirps)

by chip-scale Microsemi Rb clock 9%

150

125 4

Applications:

100

1: distant TX and RX without cable connection 8

Distance from origin (km)

(allowing single-antenna TX)

-1.0 -0.5 0.0 0.5 1.0
Doppler frequency (Hz)



Recent development:
all-constellations GNSS synchronization:

use best PPS timing board on the market: U-Blox F9T

tested £7 ns PPS jitter on fixed position

firmware modules implemented in FPGA controller
ntp server on local network good to 1 ms

iterative clock-remapping of OCXO to 1 mHz using
dedicated DDS by counting clock cycles between PPS

code to start chirp and ADC on exact PPS
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New England operational
GNSS-synchronized
multi-static array

(LPWR/NWTP are atomic)
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Space weather applications (ONR)

use opportunistic well-known HFDR signal for ionospheric studies

passive high-bandwidth receivers installed Palau, Taiwan,
Philippines

detect many chirping transmitters, few identified

trend-setting paper by Scripps’ group

Observations of lonospheric Clutter at Near Equatorial High Frequency
Radar Stations

by Thomas M. Cook "1 B9 Eric J. Terrill, Carlos Garcia-Moreno and Sophia T. Merrifield

Deployable Vector Sensor

Antenna Array
Scripps Institution of Oceanography, University of California San Diego, La Jolla, CA 92039, USA

* Author to whom correspondence should be addressed.
T Current Address: Ocean Modeling Laboratory, SRI Intemational, Ann Arbor, MI 48105, USA.

Remote Sens. 2023, 15(3), 603; https://doi.org/10.3390/rs15030603
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Space weather applications (ONR)

use opportunistic well-known HFDR signal for ionospheric studies

passive high-bandwidth receivers installed Palau, Taiwan,
Philippines

— detect many chirping transmitters, few identified

MIT Lincoln Lab’s MODI receiver on Palau: Deployable Vector Sensor
Antenna Array

FOFSM0FIS 17:00:00 Channgl 10 7.50-0.00 M-z J0FSAORIS 17:00:00 Channel 10 8.00-0.50 MHz




Future developments:

— are we seeing the end of homodyne HF radars?

— are software-defined HF radars next?

— potential for using opportunistic well-known HFDR signals
for transmitter-less multi-frequency passive receiver radars
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