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Outline 



ÅSmall drones have become popular for aerial photography. 
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Motivation 



ÅWhat happens when you mount a radar on the drone?  
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Motivation 

??? ??? 



ÅSmall drones have become popular for aerial photography. 

ÅRadar imaging could provide complementary information and 
extended operating conditions. 

ÅApplications in scientific, agricultural, and environmental 
monitoring. 

ÅUAV-SAR systems exist but are typically too heavy and need to 
be supported by large UAVs [1-3]. 
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Motivation 

[2] Koo et al., 2012. 

44 lb system 

[1] Lynx, Sandia, 2000. 

125 lb system 

[3] NanoSAR, BYU, 2006. 

2-3 lb system 



Develop and demonstrate a low-cost SAR system that is 
mounted on a small consumer drone (DJI Phantom 2). 

 

 

 

 

 
Scientific Question: Can a low-cost, high-resolution SAR 
system be realized on a small consumer drone (whose 
maximum payload is typically less than 1 lb)? 

 

 
6 

Objective 

Radar 



ÅPulsON 410 (P410) radar by Time Domain Corporation. 

ÅBoard is 7.6 cm x 8 cm x 1.6 cm, weighs 58 grams, and can be 
battery powered. 

ÅEmits short pulses at a pulse repetition frequency of 10 MHz. 

ÅEquivalent frequency bandwidth from 3.1 to 5.3 GHz centered 
at 4.3 GHz. 

ÅUSB interface to control radar and transfer range profiles. 
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PulsON 410 UWB Radar 
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Drone SAR System 

SAR system consists of P410 radar, Raspberry Pi + Wi-Fi Dongle, helix antennas mounted 
on aluminum ground planes. Entire system (including cables and batteries) weighs less 

than 300 g. 
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Drone SAR Prototype Photos 

Helix Antennas 

Radar 

Raspberry Pi 



ÅBroadband 5-turn helix antenna centered at 4 GHz. 

ÅSupported by 3-D printed mold.  

ÅAluminum ground planes. 

Å1 right-hand CP for Tx, 1 left-hand CP for Rx. 

ÅGain: ͯ ρπ Ä" ; Two-way 3 dB beamwidth: ͯρυЈ 
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Helix Antennas 
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ÅMeasured range profiles are real valued but finely 
sampled in time. 

ÅUse FFT to get the complex frequency response and 
only keep data from 3.1-5.3 GHz. 
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Measurement Range Profiles 
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Å4 small aluminum trihedrals as point-scatterer targets.  

ÅRange profiles collected (at 20 Hz) by flying drone in a 
straight line across measurement scene. 

ÅProminent persistent scatterers facilitate range alignment 
for image formation. 
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Validation on Corner Reflectors 



 

 

 

 

 

 

 

 
ÅRange profiles show significant range migration. 

ÅAlign to closest scatterer. 

ÅGood agreement with point-scatterer simulation. 
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Motion Compensation 
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ÅFrequency/angle data are placed in k-space. 

 

 

 

 

ÅPolar reformat to uniform kx-ky  space and take 2-D 
inverse fast Fourier transform to obtain image. 
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Image Formation 
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Å3 focused scatterers. Cross-range smearing of 
farthest scatterer due to near-field effects. 

ÅGood agreement between simulation and rail-SAR. 

ÅMore blurred result in drone-SAR. 

 
15 

Resulting SAR Images 

Simulation Rail-SAR Drone-SAR 
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ÅTrihedral is left in the scene for reference. 

ÅStationary vehicle and human targets. 

ÅAble to generate SAR images of other targets. 
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Application to Other Targets 
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ÅTrihedral is left in the scene for reference. 

ÅStationary vehicle and human targets. 

ÅAble to generate SAR images of other targets. 
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Application to Other Targets 
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ÅTrihedral is left in the scene for reference. 

ÅStationary vehicle and human targets. 

ÅAble to generate SAR images of other targets. 
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Application to Other Targets 
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