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Summary 

 

I. Title 

Annual Progress Report - Airborne Ultra-Wideband Radars for Polar Research 

Researchers: S. Gogineni, C. O’Neill, Yang-Ki Hong, J. B. Yan and R. Taylor  

Students: L. Li, J. Nunn, S. Kolpuke, H. Won, B. Bryant, A. Horstman and J. Glidden 

II. Purpose 

The primary objective of the project is to design and develop an ultra-wideband (UWB) radar 

that operates over its full frequency range of 170-470 MHz or any selected sub-band in this 

frequency range. The ability to select the center frequency and bandwidth will allow the 

selection of optimum radar parameters for sounding and imaging different areas in Antarctica.  

III. R&D Efforts 

We are designing the radar for sounding ice as thick as 5 km in Antarctica and imaging a 

maximum swath of about 3 km on either side of the aircraft flight path [Rodriguez-Morales, et 

al, 2014 and Stumpf, 2015]. The realized swath depends on the ice thickness and aircraft altitude 

over the ice surface. We are designing the UWB radar with the largest possible antenna array 

mounted under the wings to enable following requirements: 

1) Measure ice thickness for generating 3-D topography of the ice-bed for selected areas and 

2-D reflectivity maps of the ice-bed to determine basal conditions; 

2) Map near-surface internal layers with fine resolution of about 50 cm and also deep internal 

layers with resolution of about 100 cm to determine long-term accumulation rates and 

understand flow dynamics; and 

3) Collect data to estimate surface- and bottom-melt rates of ice shelves using wide-swath 

imaging and fine-resolution capabilities of the ultra-wideband radar. 

IV. R&D Results 

Over the last year, we made significant progress in designing and testing a prototype ultra-

wideband radar by leveraging off the ongoing research at UA to develop UWB radars for remote 

sensing of snow, ice and soil moisture. In this report, we provide our progress over the first year 

of the project. We completed the following tasks: 

1) Completed a system-level design of the ultra-wideband radar for sounding and imaging 

of ice; 

2) Developed and tested sub-systems required to build the radar; 

3) Designed an antenna array that can installed under the wings of small lightweight aircraft; 

4) Prototyped an antenna element and evaluated its performance;  

5) Designed the digital sub-system; and  

6) Developed algorithms to processing of data to be collected with the UWB radar.  
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Chapter 1  Introduction 

The University of Alabama (UA) Remote Sensing Center received funding from the Korea Polar 

Research Institute (KOPRI) for the development of an ultra-wideband (UWB) radar with the 

largest possible antenna-array for airborne sounding and imaging of ice sheets. We designed the 

UWB radar to be operable with either its full bandwidth (170-470 MHz) or any selected sub-band. 

This feature will allow for the selection of optimum radar frequencies suitable for different areas 

in Antarctica. We designed the radar for sounding the thickest ice in Antarctica (~4.7 km) and 

imaging a swath width up to 3 km on either side of the aircraft flight path. The swath will depend 

on the ice thickness and aircraft altitude over the ice surface. Equipped with the largest possible 

antenna array, the UWB depth sounder/imager radar designed by UA and can be mounted on any 

short-range aircraft. It offers capabilities to:  

 

(1) Measure ice thickness for generating 3-D topography of the ice-bed for selected areas and 2-

D reflectivity maps of the ice-bed to determine basal conditions;  

(2) Map near-surface internal layers with fine resolution of about 50 cm and also deep internal 

layers with resolution of 1-2 m to determine long-term accumulation rates and to understand 

flow dynamics; and  

(3) Collect data to estimate surface- and bottom-melt rates of ice shelves using wide-swath 

imaging and fine resolution capabilities of the ultra-wideband radar.  

 

Chapter 2 Current R&D Status 

2.1 Background 

Fretwell et al. [2013] compiled airborne radar measurements carried out by various institutions 

around the world over the last 40 years and generated a new bed map for Antarctica. Nonetheless, 

many parts of the continent still remain unmapped. In some cases, only one thickness measurement 

exists over distances as large as 100-200 km. This contributed to highly inaccurate representation 

of the bed topography in BEDMAP2 due to poor spatial sampling –the error is particularly large 

in high relief regions.  

 

Paving the way for next-generation computational ice-sheet models requires fine-resolution bed 

topography — particularly over areas undergoing rapid changes. Also, accurate information on the 

short-term and long-term accumulation rates are needed. While the depth-sounder data collected 

as part of NASA’s Operation Ice Bridge (OIB) mission over the past seven years have been 

extremely valuable [Fretwell et al., 2013, Thomas et al., 2011], even more scientifically sought-

after data are within the reach of UWB radars operated from manned and unmanned aircraft.  

 

UWB radars have been developed and successfully used over the last few years [Gogineni et al., 

2015; Wang et al., 2016; Yan et al., 2017]. In this project, we made significant progress in 

designing and testing a prototype ultra-wideband radar by leveraging off the ongoing research to 

develop UWB radars for remote sensing of snow, ice and soil moisture. Although design and 

development of an UWB microwave radar is not a part of project funded KOPRI, we have agreed 

to provide a microwave radar available at UA for inclusion in the airborne instrumentation package 

to collect data needed to mass balance and other scientific research.  
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Chapter 3  R&D Efforts 

3.1 Research during 2019 

The major research tasks to be addressed during the first year of the project are the following: 

1) Design, simulate, build and test the ultra-wideband (UWB) radar sub-systems including 

the transmitter, receiver and antenna array;  

2) Design and simulate digital sub-systems including the chirp generator and digitization sub-

sections;  

3) Design and simulate antenna array, and build a prototype antenna to test and evaluate its 

performance;  

4) Integrate all sub-systems into a single-channel radar prototype for extensive evaluation in 

the laboratory; and  

5) Simulate the impact of antenna arrays and associated structure on aircraft performance. 

We have significant progress on all the tasks listed above. We provide a summary of the progress 

made over the last 12 months.  

3.2 Science requirements and system specifications 

The large ice sheets in Greenland and Antarctica have a large potential to modulate sea level rise 

over the next century. They contain enough fresh water to raise sea level by more than 65 meters 

if they were to melt completely. Recent satellite and airborne observations show increased 

discharge and contribution from both ice sheets to sea level rise [Bamber et al., 2019; Rignot et 

al., 2019; Hanna et al., 2013; Shepherd et al., 2012; Pritchard and Vaughn, 2007, Rignot et al., 

2011]. The social and economic impacts of rising sea level depend on our ability to adapt to and 

mitigate against its consequences. This in-turn depends on our ability to accurately project the rate 

of expected sea level rise. The Intergovernmental Panel on Climate Change (IPCC) projects that 

the sea level would increase between 26 and 96 cm over the century under different climate 

scenarios. However, more recent empirical studies show that this could be as large as 2 m [Bamber 

et al., 2019]. 



6 
 

Table 1. Science requirements and mapping to objectives stated in the introduction. 

 

NASA has recently launched Ice, Cloud, and Land Elevation Satellite-2 (ICESat-2) for monitoring 

polar regions and is also planning to launch NASA-ISRO Synthetic Aperture Radar (NISAR) 

during 2021-2022. ICESat-2 is measuring changes in surface elevations of large ice sheets in 

Antarctica and Greenland for determining their current mass balance. It is also being used for 

freeboard measurements over sea ice to estimate its thickness [Abdalati, et al., 2010]. ICESat-2 

supplements and complements CryoSat-II radar altimeter surface-elevation and free-board 

measurements [Wingham, et al., 2006]. A major objective of the NISAR mission is to measure 

surface velocities of both large ice sheets. The changes in surface elevations would provide 

information necessary to document mass loss or gain, and surface velocities would provide 

information on the speed-up and slow-down of outlet glaciers [Howat, et al., 2007]. However, 

additional information on ice-bed topography and basal conditions is essential to develop 

diagnostic and prognostic ice-sheet models [Fretwell et al., 2013]. In addition, the spatial variance 

of snow accumulation is needed to interpret satellite altimeter measurements of surface elevation 

and determine the mass balance of ice sheets using the flux approach. No satellite sensors to 

perform ice thickness and snow accumulation are currently available. Airborne measurements are 

the only way to obtain ice thickness and snow accumulation over large areas.  

Table 1 (previous page) provides the vertical and spatial resolution requirements for airborne 

measurements. Using this information, we determined radar system parameters listed in Table 2 

both for the UWB depth sounder and imager and the UWB microwave radar. However, this phase 

of the project does not involve development of a microwave radar. We are planning to provide a 

microwave radar available at UA to perform necessary measurements in conjunction with depth 

sounder/imager.  

 

 

Measurement Objective Required 

Accuracy 

Spatial Sampling Radar 

Ice thickness Objective 

#1 

1 m (range) 1000 m  

10-100 m for margins 

and outlet glaciers 

UWB depth 

sounder/imager 

Reflectivity at the bed 

(basal conditions) 

Objective 

#1 

0.5 dB 100 m pixel UWB depth 

sounder/imager 

Water layer thickness 

(frozen or bed bed) 

Objective 

#1 

0.5-4 mm 100 m survey 

10 m hi-res 

UWB depth 

sounder/Imager 

Internal layer depth and 

geometry 

Objective 

#2 

3-10 cm for 

shallow layer 

60-100 cm for 

deeper 

100 m survey 

10 m hi-res 

UWB Microwave radar for 

shallow layers 

UWB depth 

sounder/imager for deeper 

layers 

Bottom melt rates Objective 

#3 

50 cm or better 100 m coarse 

10 m fine res 

UWB depth 

sounder/imager 
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Table2. Specifications of the UWB radars. 

  UWB Radar 

sounder/imager 

Comment   Ultra-wideband 

Microwave Radar 

Comment 

Frequency 

range 

170-470 MHz Bandwidth selectable    2-18 GHz   

Transmit power 500-1000 W Determined by power 

available from the aircraft  

  200 mW   

Mode of 

operation  

Chirped pulse     FM-CW   

Antenna 8 Element cross-track 

array under both wings 

    Planar array under 

the fuselage  

  

Gain  10-14 dBi     10-20 dBi   

Pulse widths or 

chirp length 

1 us and 10-20 us 1 us for shallow ice and 

10-20 us for ice thicker 

than 1 km  

  20-100 us   

Pulse repetition 

frequency  

10 kHz     4 kHz   

Waveform 

Generation  

8 channel 16-bit DDS     2 channel UWB 

chirp generator  

  

Digitization  14 bits     12 bits   

Sampling rate  1.2 - 2.5 GHz      500 MHz   

 

Chapter 4 R&D Results 

4.1 UWB radar  

We proposed to address the following major tasks to develop the UWB depth sounder/imager 

during the 1st year of the project: 

1) Design, simulate, build and test the ultra-wideband (UWB) radar sub-systems including 

the transmitter, receiver and antenna array;  

2) Design and simulate digital sub-systems including the chirp generator and digitization sub-

sections; and  

3) Integrate all sub-systems into a single-channel radar prototype for extensive evaluation in 

the laboratory. 

We completed all three major tasks mentioned above during the 1st year as discussed below. We 

have completed the system-level design of the UWB radar depth sounder/imager operating over 

the frequency range of 170-470 MHz. Table 1 shows the link budget analysis of the radar for 

sounding 5 km thick ice. The signal-to-noise ratio, 
𝑆

𝑁
 , for a radar sounder operating over a smooth 

surface is given by  

𝑆

𝑁
=

𝑃𝑇𝐺𝑇𝐺𝑟𝜆2|Γ𝑖𝑏|2(1−|𝛤𝑖𝑠|2)
2

𝐶𝐼𝐶𝑝

[8𝜋(ℎ+𝑑√𝜖𝑟]2 𝐾𝑇𝐵𝐹 𝐿𝑜𝑠𝑠
   (1) 

where 𝑃𝑇 = Peak transmit power, 1 𝑘𝑊, 𝐺𝑇 = trasmit antenna gain, 𝐺𝑟 =
receive antenna gain, ƛ = wavelength in meters, Γ𝑖𝑏= reflection coefficient at the ice-bed 
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interface, 𝛤𝑖𝑠 = reflection coefficient at the air-snow interface; 𝐶𝐼 = coherent integration gain, 𝐶𝑃 

= pulse compression gain, h = aircraft height above the ice surface in meters, d = ice thickness in 

meters, K= Boltzmann’s constant, T = radar system temperature in Kelvins, B= radar receiver 

bandwidth in Hz (300 MHz), F= receiver noise figure and Loss= two-way attenuation loss.  

𝐶𝑃 = 𝑘
𝑇𝑢

𝑇𝑐
       (2)  

Where Tu is uncompressed pulse width, Tc = compressed pulse width, and k = 0.5, a factor that 

accounts for mismatch filter loss used to reduce range sidelobes. Tc= 3.3 ns and Tu = 10 us.  

𝐶𝐼 = coherent integration gain and it is given by  

𝐶𝐼 = √
(ℎ+𝑑√𝜖𝑟)𝜆𝑔

2
 
𝑓𝑝

𝑣
      (3) 

where 𝜆𝑔 = wavelength in ice and 𝑓𝑝 = pulse repetition frequency (PRF) in Hz, (9000 Hz), and v 

= aircraft velocity in m/s.  

Let us assume that aircraft velocity is 50 m/s with radar operating in two modes: a short pulse (1 

us) mode to sound shallow ice of 1 km or less and map internal layers and long pulse (10 us) mode 

to sound ice thicker than 1 km and map deeper internal layers. We will use the short pulse only 

once every 10 pulses to obtain higher sensitivity required for sounder thicker ice.  

Table 3. S/N ratio obtained for 5 km thick ice and 20 dB/km two-way attenuation loss. 
 

Parameter 320 
MHz 

1 Transmit Power, PT 60.0 dBm 

2 Antenna Gain, GT*GR 24.0 dB 

3 Wavelength, λ^2 -0.6 dBmeter^2 

4 Two power transmission coefficient (1-|Γ|^2)^2 -0.7 dB 

5 Loss for 5 km thick ice (20 dB/km at 320 MHz) -100.0 dB 

6 Pulse compression gain, CP  31.8 dB 

7 Integration gain, CI 40.6 dB 

8 Spreading loss term-1, (8pi)^2 28.0 dB  

9 spreading loss term-2  78.6 dBmeter^2 

10 Noise power -85.2 dBm 

11 Return loss for ice-bed interface 20.0 dB 

11 Signal-to-Noise Ratio 13.7 dB 

 

The S/N ratio for 5-km thick ice is about 13 dB, which is more than sufficient to determine 

thickness with the required accuracy and precision. There is also a large safety margin built into 

the design because of the higher 20 dB/km attenuation loss used in our design instead of typical 

15 dB/km for interior cold ice reported in the literature [Matsuoka, et al.; 2010a and 2010b]. 

Figure 1 shows the block diagram of the radar being developed. The radar consists of three basic 

sub-systems excluding the antenna arrays: (1) digital sub-system; (2) RF transmitters; and (3) RF 



9 
 

receivers. The digital sub-system consists of command and control, a multi-channel arbitrary 

waveform generator (AWG), a multi-channel digitizer and a server to store digitized data and 

process and display data. Section 4.2 provides our plans to develop a compact digital sub-system. 

The UWB radar transmitter consists of 8 separate transmitters and 8 receivers, one for each element 

of the 8-element transmit array. Each transmitter consists of a bandpass filter, 2 driver amplifiers, 

2 variable attenuators, 3 low-pass filters, a power amplifier, and a transmit/receiver (T/R) switch. 

The output signal from AWG is passed through the bandpass filter to reduce out of band spurious 

signals and supplied to the first driver amplifier that amplifies it to a level required by the 2nd driver 

amplifier. The 1st driver amplifier output is passed through the first variable attenuator and the 

low-pass filter before it is supplied to the 2nd driver amplifier. The variable attenuators are to adjust 

the amplitude of the chirp signal and the low-pass filter is to reduce any harmonics above 470 MHz 

generated by the amplifier. We will transmit a low-power signal to sound and image shallow ice 

and a high-power signal to sound and image more glossy thicker ice. The attenuators are to reduce 

the transmit signal level for shallow ice sounding. The 2nd stage driver amplifier signal amplifies 

the signal to a level required to obtain 100-200 W peak power from the power amplifier. The 

amplified signal is passed through another attenuator and low-pass filter before it is supplied to 

the power amplifier. The power-amplifier output is coupled to one of the transmit-array elements 

through another low-pass filter, which again reduces any harmonics above 470 MHz generated by 

the power amplifier and the T/R switch. The switch protects the receiver from damage by the high-

power transmit signals.  

 

Figure 1. Block diagram of the UWB radar depth sounder/imager. 

Computer
Server

Arbitrary
Waveform 
Generator

Digitizer

GPS & IMU

BPF
170-470 MHz

Driver Amp

Attn

LPF

LPF

Driver Amp

LPF

Switch
Driver

Attn
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8-Channel Receiver
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The receiver sub-system has 8 receivers, one for each element of the 8-element antenna-array. 

Each receiver consists of a bandpass filter, a limiter, a low-pass filter, a low-noise amplifier (LNA), 

a bandpass filter, two variable attenuators and a driver amplifier. Both bandpass filters are 

constructed using a low-pass and a high-filter. These bandpass filters  reduce out-of-band spurious 

signals. We implemented 

the bandpass filter using 

low-pass and high-pass 

filters, so the receiver can 

be easily modified to 

operate at other 

frequencies up to 1 GHz. 

The limiter is to prevent 

receiver damage from 

any leakage signals 

during transmission. We 

selected the LNA, driver 

amplifier and attenuators 

to provide 20-60 dB amplification. We used the attenuators to reduce receiver gain to prevent its 

saturation from strong signals from shallow ice and increased gain to amplify weak signals from 

very thick ice to the level required for digitization. Figure 2 shows a prototype receiver board and 

its measured response. We have also completed the design and tests of high-power 

Transmit/Receiver (T/R) switches required for the radar. The measured maximum insertion loss 

at 500 MHz from the transmitter to antenna is about 1.4 dB and minimum isolation between the 

transmitter and receiver is about 49 dB during transmission.  

 

Figure 2: Receiver prototype and its measured response 

 

 

Figure 3: Prototype T/R module and its cover plate. The middle figure shows its measured 
insertion loss between the transmitter and antenna. The right figure shows the measured 
isolation between the transmitter and receiver. 
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We have already tested the 

prototype transmitter and receiver 

sub-systems as a part of the 

ongoing research in Greenland 

during August 2019. Figures 4a 

and 4b show the measured radar 

response using an optical delay 

line to a target at a range of about 

3.75 km. Figure 3a shows 

measured time-domain signal and 

associated frequency spectrum. 

Figure 3b shows impulse response 

of the radar after pulse 

compression. The measurement 

shows that the loop-sensitivity of 

the radar is more than 210 dB. For 

these laboratory tests and 

measurements, we restricted the 

radar bandwidth to about 160 MHz 

instead of using full 300-MHz. We 

did this to prevent 2nd harmonic 

distortion caused by 

the power 

amplifier. For these 

tests we used 

commercial-off-

the-shelf (COTS) 

amplifiers. We will 

be developing high 

power amplifiers 

with low harmonic 

distortion and peak 

power of about 200 

W during the 2nd 

year of the project.  

4.2 Digital sub-

system  

Two critical sub-

sections of the 8-

channel UWB radar 

sounder/imager are the arbitrary waveform generator (AWG) and the data acquisition unit (DAQ). 

These systems must have low SWaP compared to current ones because of power and space 

constraints of the aircraft. The waveform generator must be capable of generating 8 chirps of 300-

MHz bandwidth with pulse lengths between 1 and 10 μs at a pulse repetition frequency of 9 kHz. 

Additionally, the DAQ must be able to digitize data at a rate of at least 600 MSPS. 

 

Figure 4a. Measured UWB radar wave form in time and 
frequency domains.  

 

 

Figure 4b. Measured radar impulse response using an optical delay line 
to simulate a target at a range of about 3750 m. The far-off sidelobes are 
about 60 dB below the main peak.   
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A digital transceiver module is currently under development that will make use of new Xilinx 

Zynq Ultrascale+ RFSoC technology, specifically the ZXCU49DR chip. It includes a 14-bit 16-

channel transceiver built into the FPGA interconnect fabric capable of generating a waveform at 

10 GSPS and acquiring data at 2.5 GSPS. The interconnect also includes a quad-core ARM Cortex-

A53 processor to serve as the application unit and a dual-core ARM Cortex-R5 processor to serve 

as the real-time processing unit. The specifications of this module are shown in Table 4 as 

compared to the digital sub-systems currently in use in radars developed by the UA remote sensing 

center. 

Table 4. Specifications of the digital sub-system being developed. 

Subsystem Current transceiver 

module 

Proposed design 

Tx sample clock rate 2.4 GSPS 10 GSPS 

Tx up to 1.2 GHz 5 GHz 

Rx sample clock rate 1.2 GSPS 2.5 GSPS 

Rx up to 0.6 GHz 1.25 GHz 

Channels (Tx x Rx) 8 x 8 16 x 16 

Physical enclosure 17” x 22” x 7” (4U) 8” x 4” x 1.25” 

 

The UWB radar sounder/imager needs only 8 channels to meet the science specifications required, 

therefore, half of the channels in the FPGA fabric will be disabled and unused, further reducing 

the power dissipation of the unit during the first phase of the project. The additional 8 channels 

can be used to digitize ultra-wideband microwave radar data in the future.  

Figure 5 shows an initial 3-D model of the transceiver module. Figure 6 shows the system 

architecture and data flow. This system is currently under development using an evaluation system 

acquired from Xilinx. 

 

Figure 5. Digital sub-system that can serve both the radar sounder and UWB microwave radar. 



13 
 

 

Figure 6. Digital sub-system block diagram. 

We also have a digital transceiver system acquired as a part of other ongoing research at UA for 

testing purposes until the new digital sub-system development is completed. The existing digital 

sub-system consists of 8 transmit channels, operating at 2.4 GSPS, and 16 receive channels, 

operating at 1.2 GSPS.  

4.3 Antennas and antenna arrays 

The major tasks to develop antennas and antenna arrays this year are: 

1) To design and simulate antenna array, and build a prototype antenna to test and evaluate 

its performance; and 

2) To simulate the impact of antenna arrays and associated structure on aircraft 

communication performance. 
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4.3.A Sleeve dipole antenna 

 

We have optimized the proposed sleeve dipoles to meet the bandwidth of 300 MHz and realized a 

gain of 10 dBi or higher as possible. Figure 7 shows the optimized sleeve dipoles with 

specifications and the simulated voltage standing wave ratio (VSWR) and realized gain over the 

frequency range of interest. The optimized sleeve-dipole shows a VSWR of 2:1, which is 

acceptable for radar operation, from 182 to 474 MHz (Bandwidth of 292 MHz) and realized gain 

of 6.81-12.0 dBi from 170 to 470 MHz. Compared to the reported sleeve dipole in the previous 

quarterly report, the optimized sleeve dipole exhibits 25 MHz higher bandwidth and 1.23-2.5 dBi 

higher realized gain.  

 
 

4.3.B. Sleeve dipole antenna with a fiberglass frame and Teflon tube 

Fiberglass frames are used to cover the antenna to increase the mechanical strength, resist 

aerodynamic pressure, and allow RF cable and balun insertion. To rigidly hold the separated 

dipole, Teflon is used. Thus, the effects of the Polyurethane fiberglass frame (Dielectric constant: 

1.08 and loss tangent: 0.0016 [Meyer, 2015]) and Teflon tube (Dielectric constant: 2.1 and loss 

tangent: 0.001 [Zemansky, 1982]) on the antenna performance are investigated. Figure 8 shows 

the optimized sleeve dipole with frame and its simulated VSWR and realized gain. As illustrated, 

the sleeve dipole with the fiberglass frame and Teflon tube slightly reduces the maximum 

operating frequency from 474 to 467 MHz and the realized gain of 0.4 dBi over the frequency of 

interest.  

 

 

Figure 7. Antenna geometry and specification and simulated antenna performance over the 
frequency range of interest. 
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4.3.C. Sleeve dipole antenna with a fiberglass frame and Teflon tube under carbon-composite 

CTLS wing model 

 

A simplified perfect electric conductor (PEC)-based wing model (2600 mm wide, 5400 mm long, 

and 1 mm thick) is used for the above simulations. The realistic CTLS wing model with carbon 

fiber reinforced epoxy composites (CFRPs), having a resistivity of 2000 lower than the value of 

the aluminum [Leininger, 2012], was developed in the simulation to investigate the effects of the 

aircraft wing structure and material on the antenna performance. Figure 9 shows the configuration 

of the proposed sleeve antenna with the frame under the CFRP-based CTLS wing and its VSWR 

and realized gain performance. The proposed sleeve antenna under the CFRP-based CTLS wing 

shows the VSWR of 2:1 from 190 to 430 MHz and realized gain of 5-13 dBi. 

 

 

 

 

Figure 8. Antenna with casing geometry and specification and its simulated performance over the 
frequency range of interest. 
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4.3.D. Sleeve dipole antenna array with a fiberglass frame and Teflon tube under carbon-

composite CTLS wing model 

 

To enhance the minimum realized gain up to 10 dBi, we used two four-element sleeve dipole 

antenna-array, one located under each wing. Figure 9 shows the configuration of the proposed 

sleeve dipole antenna array on right CTLS wing, VSWR and overall realized gain. The element 1 

and 3 show the VSWR of 2:1 from 190 to 430 MHz, while the element 2 and 4 show the VSWR 

of 2:1 from 190 to 450 MHz. The simulated bandwidth is degraded due to the wing structure. On 

the other hand, the overall realized gain is increased, compared to the single antenna element. The 

4-element sleeve dipole antenna array can achieve 8.2-19.3 dBi of realized gain. The 8-element 

array will have gain that varies between 11-22 dBi.  

We will further optimize antenna performance to extend the lower and upper frequency range to 

cover 170-470 MHz range with the design of the balun or matching networks.  

 

4.4 Platforms & Integration 

The Platforms & Integration focus area objectives in year 1 are to: 

1) Define and polish scientific and instrumentation requirements; 

2) Define system requirements for the UWB radar, RF, and digital sub-systems 

3) Design and build a prototype antenna element 

 

 
Figure 9. Antenna with frame under CTLS wing geometry and specification and simulated antenna 
performance. 
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This report focuses on objective #3. Objectives 1 and 2 are in prior reports and sections. 

The current expected aircraft platform is the Flight Design CTLS aircraft, a light sport aircraft with 

a 1320 lbf gross weight, a 28 ft. wing-span, and a water-cooled 100 hp Rotax 912 ULS engine. 

The aircraft load limits are +4/-2 g with a Vne of 145 KCAS. The CTLS structure is a monocoque 

fuselage with a cantilever wing and stabilizer. The primary aircraft structure is composed of carbon 

fiber, aramid, and foam composite sandwich construction. We are modifying the aircraft with an 

8 element VHF antenna array, radar equipment, and associated systems. An autonomous flight 

control system (AFCS) for semi-to-fully autonomous operations is included in the design. Figure 

10 shows the integrated aircraft and radar system.  

 

4.4.A Antenna Design 

The antenna elements are a sleeve-dipole configuration designed to operate in the 170–470 MHz 

VHF/UHF band. Each sleeved-dipole has a 670mm dipole with two 290mm parasitic elements 

spaced 62mm from the dipole. Figure 11 shows the pylon and pod configuration and dimensions. 

Each 15.5” pylon is designed to attach to the aircraft’s ribs spaced at 22 inches with the forward 

pylon connected to the wing spar structure. The volume forward of the spar contains full span fuel 

tanks and was not 

considered as feasible for 

structural attachment. 

Fiberglass frames and 

skins tie the antenna 

elements together and to 

the pylons. The RF cable 

is routed though the 

forward pylon.  

The structural loads were 

defined by applying inertial and aerodynamic flight loads to the pylon and antenna. Critical load 

cases are: 1) Inertial sideload forces during a roll, and 2) Sideslip maneuvers at 145kt Vne. Vertical 

acceleration load cases are not critical for this design. The critical structural component is the 

Figure 10. Flight Design CTLS with VHF antennas, pylons, 
radar systems, and autonomous flight control system 

Figure 11: Antenna & Pylon Configuration 
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wing-pylon interface with lateral bending moments (i.e. sideload induced moments). We strongly 

stress that dedicated pylon hardpoints at the spar are necessary, which will require detailed 

engineering collaboration with the aircraft company. 

4.4.B Structural Simulation 

We simulated the structural load cases with ANSYS and iterated the design to optimize the 

structural weight, configuration, and interfaces. The individual antenna, sleeve, and bowtie 

connectors remain well within the maximum deflection and stress limits with a factor of safety 

exceeding 10x. We will investigate using even thinner wall tubing for the antenna elements. A 

future iteration of the bowtie connectors will remove the outer wall and reduce the thickness 

further. We did replace the original sleeve with the thinnest FR4 tubing that we can source.  

The coupled antenna and pylon 

structural simulations indicated that the 

critical area is the aircraft to pylon 

interface. One critical load case is the 

aerodynamics sideslip at Vne. The 

simulated pylon stress and deflections 

are shown in Figure 12. The roll rate 

case shows a similar behavior. We 

believe that the use of diagonal jury 

struts between the pylons, as discussed 

in the previous report, is warranted to 

reduce the pylon’s spar weight and 

structural attachment complexity. We 

see a clear optimization curve for 

performance and configuration, especially for the aerodynamic side loads associated with fairings 

over pylon spars and the inertial loads associated with pylon and antenna mass. 

4.4.C. Prototype Antenna 

We built a prototype of the antenna, balun, and pylon for RF, configuration, and structural 

evaluations. This prototype uses 1” and 7/8” aluminum tubing with 0.035 inch wall thicknesses. 

We used a 1 inch FR4 fiberglass reinforced composite pipe as the dipole connector sleeve, which 

provides both dipole structural bending stiffness and alignment. Screws connect the sleeve and 

tubes, which have flush-mounted nutplates installed into the inner wall. Ultra high molecular 

weight polyethylene bowties connect the dipole elements and parasitic elements and provides a 

structural attach point to the pylon. Nose-cones cap the forward element tubes. As this prototype 

is designed for functional testing of the antenna and pylon system, the RF feed is constructed of 

connectorized RF components despite the weight penalty. We plan a switch to an integrated coax 

cable, balun, and feed in a future iteration. Our prototype of the antenna, pylon, and connectorized 

balun shown in Figure 13 weighs 0.94 lbs (492g). This is below the target weight. 

Figure 12. Aerodynamic sideslip stresses at Vne 
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We tested the prototype antenna 

and pylon with a Fieldfox 

vector network analyzer to 

characterize the RF 

performance. The test was 

performed outdoors and with a 

metallic ground plane to 

simulate the aircraft’s wing. 

The test was conducted between 

100 to 500 MHz for a single 

element. Figure 14 is 

representative of the current 

design on the CTLS aircraft and 

provides an experimentally 

measured -10dB bandwidth of 

200 to 430 MHz. The measured 

return loss about 20 dB or lower 

over the frequency range of 240 

to 400 MHz. By changing balun impedance we can extend the frequency range in the lower and 

upper ends of the frequency range. We can also incorporate a matching network into the input of 

each antenna element and increase the frequency range from 170 to 470 MHz.  

4.5 Aircraft & Systems Design 

We updated the weight & balance of the full integrated radar and aircraft system to reflect the radar 

and digital system design choices and experimentally determined system weights. Table 5 

indicates that the center of gravity (CG) of the fully integrated aircraft remains within the 

acceptable range of 11.1 inches to 18.8 inches aft of the leading edge. The W&B and gross weight 

remains feasible. 

We identified design characteristics and action items that are necessary for further development 

and performance optimization: 

Figure 13. Prototype Antenna & Pylon 

Figure 14. RF return loss performance of 
the prototype antenna and pylon 
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• KOPRI and UA must coordinate with the aircraft company to provide structural attach 

points and access holes for the pylons and radar equipment. 

• UA will consider further miniaturize of the radar systems 

• KOPRI and UA must collaborate to create a power management strategy for normal and 

emergency operations. 

• KOPRI and UA must collaborate and interact in the design, placement, and development 

of the autonomous flight control system and the radar system. 

Table 5: Weight & Balance 

   Weight Arm Moment 

   [lb] [in] [lb-in] 

C
T

L
S

 

A
ir

cr
af

t Aircraft (dry) 700 13.3 9310 

Pilot (std)  170 3.9 662 

Fuel (35 gal)  212 8.3 1758 

Luggage (aft)    30 45.0 1350 

A
F

C
S

 

     
Flight Control   80 -5.5 -440.0 

     

R
ad

ar
 Radar Equipment   90 21.8 1962 

Antennas (8x)    10 18.0 180 

Wing Connect (8x)   12 20.0 240 

Cables (8x)    14 28.4 417 
      

 Total Aircraft  1318  15438       

   CG 11.7 in 

 

Chapter 5 Conclusion 

We have made significant progress in all aspects of the project over the last 12 months. We are 

well positioned to develop a compact and lightweight UWB radar for integration into a light 

aircraft as proposed during the 3rd year. We are preparing technical reports on the system design, 

sub-system designs and simulations, and antenna-array design and simulations. The technical 

reports will provide a more detailed information of the summaries given in this report [O’Neill et 

al., EUSAR 2020; Won et al., Manuscript in Preparation].  These technical reports have been 

approved and submitted for publication and are included in the Appendix below.  
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Warning 

 

1. This report is a report of research results of 

a project entrusted by the Korea Polar 

Research Institute. 

2. When you present the contents of this report, 

you must state that these contents are 

research results of a project entrusted by the 

Korea Polar Research Institute. 

3. Materials concerning the nation's classified 

science and technology information must not 

be presented or disclosed.  
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