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A. Purpose of Operation and Need for License

The purpose of this experiment is to test the performance of an ultra-wideband radar system for
sounding sea ice when operated on board the Vanilla Unmanned VAQO1 aircraft
(https://vanillaunmanned.com/). The radar system will transmit a waveform in the S and C bands, with
its antennas looking towards the nadir direction. This work is funded through a grant from NASA to
study sea ice in the Artic. Platform Aerospace has obtained permission for test flights of the aircraft at

Edwards.

Robust Avionics

* Uses widely-adopted autopilot and ground station
for proven reliability and easy system operation

= Redundant, high quality flight control actuators

* Laser altimeter and DGPS for autonomous landing

* Line-of-sightand BLOS command and control

Flexible Payload Provisions
1.1 ft? of space reserved in the nose
Over 500 watts of payload power available
Easily-customized nose fairings to support combined
ISR/SIGINT/COMMs payload requirements
Large wi for flexible integration
Engine cooling air diverted for low-drag forced-air
payload cooling

Sailplane-Inspired Launch & Recovery
* Truck tow launches the aircraft hundreds of
feet above trees and obstacles
Launch directly from tow dolly simplifies
ground operations
Centerline gear is robust and low drag
'Wing skids prevent airframe wear

High-Performance Airframe

» Efficient carbon-composite structure

Sailplane inspired aerodynamics

Removable 3-piece wing for easy transport

Integral fuel tanks in fuselage and wing

High wing loading for cruise efficiency and

tolerance to winds

* High aspect ratio wing provides low visual
signature

.
.
.
.

Efficient & Reliable Propulsion
* COTS diesel-cycle engine for reliability and part-throttle efficiency
* Operates on heavy fuels including JP-8 and automotive diesel
* Low cruise power and low RPM contribute to low noise signature
* Purpose-built variable-pitch propeller increases efficiency and
folds for launch and recovery
Clutched propeller for safe engine start and preflight checks
Lightweight tailored-composite drive shafts
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B. Locations of Proposed Operation

Proposed Locations: Measurements will be conducted at Edwards Air Force Base in Edwards, California.
Flights will be conducted within the Red box outlined in the image below. This is within the Edwards

base in their UAS work Area.
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Dates: We are requesting a window from Feb 1 to March 31, 2021. Test flights are currently planned
for the week of February 8" or 15", 2021.

Contact Information for Edwards:

We are coordinating with the Frequency and Airspace management at the base.

Dave Warner

Test Engineer, Emerging Technologies CTF
JT4/MTSI

661-858-3752
david.warner.36.ctr@us.af.mil

JAMES R. LITTLEFIELD, NH-I1II

CHIEF, SPECTRUM MANAGEMENT

412 CS/SCOTS

300 JONES RD. SOUTH BASE

EDWARDS, CA 93523

NIPR: james.littlefield.1@us.af.mil

SIPR: james.r.littlefield.civ@mail.smil.mil
ORGANIZATIONAL: 412cs.spectrum.management@edwards.af.mil
DSN 527-4763

COMM (661) 277-4763

CELL (661) 810-8694

FAX (661) 277-8879
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C. Technical Specifications

1. Frequency of Operation
CReSIS requests authorization to operate in the 2-8 GHz bands.

Snow Radar Parameters

Parameter Value

Lower Frequency 2 GHz

Upper Frequency 8 GHz

Transmit Power (Max) 0.63 W (28 dBm)
EIRP 7.1W; 8.5 dBw
ERP 4.3W ; 6.4 dBw
Frequency Tolerance 2 MHz
Waveform Chirp

2. Effective Radiated Power (ERP)
The effective radiated power (ERP) will not exceed 100 W (ERP in Watts units); 20 dBw (ERP in dBw
units)

3. Modulation Signal Description and Emissions

The system is a frequency modulated continuous wave radar that emits a 2-8 GHz chirp. The chirp
duration is 200 us and the pulse repetition frequency is 5 kHz. The primary emission designator is
6GO0G3N.

Frequency [GHZz]

0 100 200 300 400 500 600 700 800 900 1000
Time [pus]

Fig. 1 — Modulation Signal (Ramp) for the Snow Radar

The FMCW Radar sweeps +/- 3GHz from the Carrier (5 GHz). The sweep duration is 200 microseconds.
The repetition rate is 5 kHz. B4 =3 GHz B, =2 By =6 GHz
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4. Antenna Information

The antenna used are directive horn antennas Model 3115 by ETS- Lindgren and mounted on the wings
of the UAV with a gain of 20 dBi. The Antennas are nadir pointing with a beamwidth (along track and
cross track) of 50 degrees and 50 degrees.

Antenna Parameters

Parameter Value

Antenna Manufacturer A-Info

Model / Part Number LB-20180-NF [1]
Average Gain 10.5 dBi
Average Beamwidth (Along Track) 48.9 deg
Average Beamwidth (Along Track) 51.6 deg

Antenna Gain

The Snow Radar uses the two double-ridge horn antennas, part number LB-20180-NF. One horn antenna
is used to transmit the radar signal, and the other horn antenna is used to receive the reflected signal.
The antenna gain of the Snow Radar varies from 7 to 14 dBi. The average gain of the antenna over this
band is 10.5dBi. Figure 1 shows the antenna gain measured at the CReSIS anechoic chamber. Figure 2
shows the antenna gain provided in the datasheet of the antenna.
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Figure 1 - Measured Antenna Gain at CReSIS Anechoic Chamber
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Figure 2 - Antenna Gain from datasheet [1]
Antenna Beamwidth

The beamwidth of the Snow Radar antenna varies as a function of frequency. The beamwidth is given by
the datasheet of the antenna. The E-plane of the antenna is aligned to the along-track of the moving
platform. The H-plane of the antenna is align to the cross-track of the moving platform. Figure 3 shows
the 3dB Beamwidth of the antenna as a function of frequency, given by the antenna datasheet. The
average 3dB beamwidth of the antenna is 48.9 degrees in the along-track, and 51.6 degrees in the cross-
track.
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Figure 3 - Antenna Beamwidth [1]
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5. Equipment Utilized

The Radar equipment used for this system is custom built at the Center for Remote Sensing of Ice Sheets
at the University of Kansas.

6. Station Class

This station will be Aeronautical Mobile in the area described in section B with a nominal altitude of
1500-4500 feet AGL.

E. Contact Information

For questions about this application or in the unlikely event interference concerns should arise, please
contact:

Jennifer Laverentz

Center for Remote Sensing of Ice Sheets (CReSIS)

The University of Kansas

2335 Irving Hill Rd

Lawrence, KS 66045

Telephone: (785) 864-7722

jenlav@ku.edu
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