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Abstract

This project implements an unmanned aerial vehicle (UAV)-mounted frequency-modulated
continuous-wave synthetic aperture radar (FMCW SAR) system with onboard edge com-
puting for real-time radar image generation. The system integrates an FMCW radar
front end, signal acquisition hardware, an NVIDIA Jetson Orin Nano processing plat-
form, UAV telemetry/control interfaces, and a redesigned 3D-printed enclosure for me-
chanical mounting and wiring access. Radar data is digitized, processed onboard using
Fourier-transform-based SAR imaging methods, and prepared for visualization through
the UAV control interface. The final design focuses on improving system integration,
reducing reliance on offline post-processing, and supporting low-latency SAR image for-
mation during UAV operation. Verification includes subsystem-level testing of signal
acquisition, processing latency, communication, mechanical fit, and system integration.
The completed system demonstrates progress toward a practical UAV-borne SAR plat-
form capable of onboard processing and real-time situational awareness.
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1 Introduction

Synthetic aperture radar (SAR) systems mounted on unmanned aerial vehicles (UAVs)
have become increasingly useful for applications such as terrain mapping, infrastruc-
ture inspection, environmental monitoring, and disaster response. Compared to optical
imaging systems, SAR systems are capable of operating under poor lighting and adverse
weather conditions because radar sensing does not rely on visible light. Among dif-
ferent SAR approaches, frequency-modulated continuous-wave synthetic aperture radar
(FMCW SAR) provides several advantages for UAV deployment, including lower power
consumption, compact hardware requirements, and reduced system weight [1].

Previous UAV-mounted FMCW SAR implementations within this project area demon-
strated the feasibility of integrating radar sensing systems with commercial UAV plat-
forms. However, earlier systems relied heavily on offline processing for SAR image recon-
struction and encountered several practical limitations during testing, including unstable
hardware integration, sensitivity to UAV motion disturbances, wiring constraints, and in-
consistent image quality [2]. These limitations reduced the practicality of the system for
real-time situational awareness and rapid field deployment.

This project addresses these limitations through the development of an integrated UAV-
borne FMCW SAR platform with edge computing capabilities onboard. The system com-
bines radar sensing hardware, signal acquisition circuitry, GPU-accelerated processing
onboard, communication interfaces, and a redesigned mechanical enclosure into a uni-
fied platform capable of performing SAR image generation directly onboard the UAV. By
moving SAR image reconstruction from offline post-processing to embedded real-time
computation, the system reduces processing latency and improves operational usability
during flight missions.

1.1 Problem Background

Traditional UAV-based SAR systems commonly depend on post-flight processing because
SAR image formation algorithms require significant computational resources [3]. This in-
troduces delays between radar data acquisition and image generation, making the system
less suitable for applications that require immediate environmental feedback. In addi-
tion, practical deployment introduces several engineering challenges involving payload
integration, mechanical stability, cable routing, vibration tolerance, power delivery, and
reliable communication between onboard devices and the UAV platform [4].

Earlier implementations also faced challenges related to image quality degradation caused
by UAV motion and limited onboard computational performance. Mechanical integration
constraints between the gimbal assembly, radar hardware, and the onboard computing
platform further complicated deployment and maintenance. These issues motivated the
redesign of both the hardware architecture and the computational pipeline.
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1.2 Project Objectives

The primary objective of this project is to implement a UAV-mounted FMCW SAR system
capable of performing real-time onboard SAR image reconstruction using an embedded
edge computing platform. The project focuses on improving system integration, reducing
processing latency, enhancing imaging reliability, and supporting practical UAV deploy-
ment.

Specific project objectives include:

• Integrate an FMCW radar sensing system with a UAV platform for airborne SAR
data acquisition.

• Implement a signal acquisition pipeline capable of conditioning, digitizing, and
transferring radar data to the onboard processor.

• Develop an onboard SAR processing pipeline using GPU-accelerated computation
on the NVIDIA Jetson Orin Nano platform.

• Improve mechanical integration through a redesigned 3D-printed enclosure sup-
porting the radar hardware, onboard processor, and wiring interfaces.

• Support communication between onboard subsystems and the UAV control inter-
face for telemetry exchange and visualization.

1.3 System Overview

The UAV-mounted FMCW SAR system developed in this project integrates radar sensing
hardware, onboard edge computing, signal acquisition circuitry, communication inter-
faces, and a custom mechanical payload structure into a unified airborne sensing plat-
form. The overall system workflow is illustrated in Figure 1.

Figure 1: Conceptual overview of real-time SAR imaging with onboard processing

During operation, the FMCW radar front-end transmits radar signals toward the sur-
rounding environment and receives reflected radar echoes from nearby objects and ter-
rain features. The received analog radar signals are conditioned and digitized before
being transferred to the onboard processing subsystem.
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The onboard processing subsystem is implemented using the NVIDIA Jetson Orin Nano
embedded computing platform. This subsystem performs radar data acquisition, tem-
porary data storage, SAR signal processing, and image reconstruction directly onboard
the UAV platform. By integrating SAR image formation into the embedded processing
pipeline, the system reduces dependence on offline post-processing and improves opera-
tional responsiveness during UAV operation.

Processed SAR images and telemetry data are transmitted through the communication
and control subsystem to the operator interface for monitoring and visualization. Com-
munication between the payload system and UAV platform is supported through the
DJI Payload SDK (PSDK) interface and onboard communication hardware. To support
subsystem integration, a custom 3D-printed enclosure and mounting structure were de-
signed for the radar hardware, onboard processor, wiring interfaces, and compatibility
with the UAV gimbal-supported payload structure.

The complete system architecture is divided into five major subsystems: the RF sensing
subsystem, signal acquisition subsystem, onboard processing subsystem, communication
and control subsystem, and the mechanical and power integration subsystem. The inter-
action between these subsystems is discussed in detail in Section 2.

1.4 High-Level Requirements

• The system shall process radar return signals while maintaining a minimum signal-
to-noise ratio (SNR) of 5 dB.

• The system must be capable of generating two-dimensional SAR images with a
meter-level resolution and sufficient contrast to distinguish basic scene features.

• The system must perform onboard processing and transmit SAR images to the ground
controller with an end-to-end latency of no more than 5 seconds per frame.
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2 System Design

2.1 Overall System Architecture

The overall system architecture was designed to support real-time FMCW SAR data ac-
quisition, onboard SAR image reconstruction, subsystem communication, and stable UAV
payload integration. Figure 2 illustrates the interaction between the major subsystems
within the UAV-mounted SAR platform.

Figure 2: Overall block diagram of the UAV-mounted FMCW SAR system

The system integrates five primary subsystems: the RF sensing subsystem, signal acqui-
sition subsystem, onboard processing subsystem, communication and control subsystem,
and the mechanical and power integration subsystem. Together, these subsystems sup-

4



port radar sensing, onboard SAR processing, telemetry exchange, and image visualiza-
tion during UAV operation.

The RF sensing subsystem generates and receives FMCW radar signals during flight op-
eration. Reflected signals are conditioned and digitized before being transferred to the
onboard processing subsystem.

The onboard processing subsystem, implemented using the NVIDIA Jetson Orin Nano
platform [5], performs radar data acquisition, SAR signal processing, and image recon-
struction directly onboard the UAV. Processed SAR images and telemetry data are trans-
mitted to the operator interface for visualization.

Communication between the payload system and UAV platform is supported through
the DJI Payload SDK (PSDK) interface and DJI X-Port connection [6]. Mechanical integra-
tion between the radar hardware, onboard processor, and UAV mounting structure was
supported through a custom-designed 3D-printed enclosure.

Compared to earlier UAV-mounted FMCW SAR implementations, the completed archi-
tecture reduces reliance on offline SAR image reconstruction through GPU-accelerated
onboard processing.

2.2 RF Subsystem

The RF subsystem is responsible for generating, transmitting, receiving, and down-converting
the radar signal. It works as the front-end sensing part of the UAV-mounted FMCW SAR
system. In this project, the RF subsystem is mainly divided into two parts: the RF circuit
and the antenna pair.

Figure 3: RF subsystem
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2.2.1 RF Circuit

The RF circuit generates the FMCW radar signal and processes the received echo sig-
nal [1]. The triangular waveform generated by the PCB is used as the tuning signal for
the voltage-controlled oscillator. The oscillator then produces a frequency-modulated RF
signal for radar transmission.

After the RF signal is generated, it is amplified and divided into two paths. One path is
sent to the transmitting antenna, while the other path is used as the reference signal for
the mixer. The echo signal received by the receiving antenna is also sent to the mixer.
By mixing the received signal with the reference signal, the RF circuit produces a low-
frequency beat signal. This beat signal contains the target range information and is sent
to the PCB signal amplifier for filtering and amplification.

Overall, the RF circuit converts the low-frequency control waveform into a high-frequency
FMCW radar signal, and then converts the received radar echo back into a low-frequency
signal that can be acquired and processed.

2.2.2 Antenna Pair

The antenna pair consists of two antennas with the same design. One antenna is used for
transmission, and the other one is used for reception. The transmitting antenna radiates
the FMCW signal toward the target area, while the receiving antenna collects the reflected
echo signal from the environment.

The two antennas have identical structures because of the reciprocity principle of anten-
nas. This means that the same antenna design can be used for both transmitting and
receiving signals. During UAV flight, the antenna pair provides the physical interface be-
tween the RF circuit and the imaging scene. Its performance directly affects the received
signal strength, system signal-to-noise ratio, and final SAR image quality.

2.3 Onboard Processing Subsystem

This system is a UAV-based synthetic aperture radar imaging pipeline designed to con-
vert continuous radar returns into focused ground images. The radar signal is captured
as a time-domain waveform, segmented into individual pulses using the trigger channel,
and converted into complex range profiles. These range profiles represent the measured
echoes from the scene at successive radar positions along the drone flight path, which are
later combined to form a focused SAR image [7].

The imaging algorithm is Fast Factorized Backprojection, or FFBP. FFBP was selected be-
cause it preserves the main strength of backprojection: the ability to form images from
non-ideal drone trajectories, while greatly reducing the computational cost. Instead of co-
herently summing every radar pulse into every image pixel in one large operation, FFBP
recursively combines smaller subapertures and subimages. This divide-and-conquer struc-
ture allows the system to keep much of the image quality of conventional backprojection
while making the computation more suitable for onboard processing.
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The system is designed for deployment on an NVIDIA Jetson Orin Nano. The most ex-
pensive parts of the reconstruction are accelerated with CUDA through CuPy and cus-
tom GPU kernels. This allows range compression, phase compensation, interpolation,
and coherent accumulation to be performed on the GPU, while the CPU handles signal
acquisition, pulse detection, control logic, and data management. The result is a compact
onboard SAR processor that can produce images much faster than a purely CPU-based
implementation.

Raw Radar Data

Pulse Detection

Complex Signal
Generation

Range Compression

Trajectory /
Position Data

FFBP
Reconstruction

Final SAR Image

Figure 4: Schematic Diagram for the SAR imaging algorithm

2.4 Communication and Control Subsystem

The communication and control system connects the custom FMCW SAR payload to
the DJI Matrice 300 RTK through both a hardware interface and a software interface.
The hardware interface is implemented through the DJI X-Port gimbal and an adapter
board. The X-Port provides the mechanical and gimbalized payload connection to the
aircraft, while the adapter board exposes the required power and communication connec-
tions to the custom SAR electronics. The payload computer is placed behind the adapter
board and acts as the central bridge between the DJI platform and the FMCW SAR hard-
ware.

On the software side, the payload computer runs the DJI Payload SDK (PSDK) libraries [6]
together with the SAR acquisition, data recording, preview generation, and radar process-
ing software. Therefore, the payload computer is not only a communication endpoint but
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also the radar data processor. It receives control commands from DJI Pilot or a custom
mobile application, controls the FMCW radar front-end, stores raw radar data locally,
processes the recorded data into a focused SAR image, and packages the final image for
transfer back to the DJI-side interface.

The control path is organized around high-level mission commands. The operator in-
terface sends commands such as bring-up, start recording & processing, and push final
result. These commands are received by the PSDK application running on the payload
computer and are forwarded to the internal payload controller. The controller then trig-
gers the corresponding SAR software action. For example, the bring-up command initial-
izes the radar front-end and prepares local storage, while the start-recording command
starts FMCW radar acquisition and metadata logging. During recording, the same pay-
load computer processes the recorded radar data into focused SAR images and streams
the results back to the drone.

The payload state can be described as a sequence from initialization to result publication.
After power is supplied through the X-Port and adapter board, the payload computer
boots and initializes the PSDK application. Once the DJI-side connection is established,
the payload enters a standby state. During recording, the payload computer controls
the radar front-end and stores raw radar data locally. During processing, it reads the
recorded radar data and generates the focused SAR image. It continuously pushes the
result as video streams to the UAV and also sends the final result image.

The data communication is separated into two paths because the real-time preview and
final SAR result have different requirements. The first path is the video flow, which trans-
ports a real-time radar preview to the DJI Pilot application. Since the payload is an FMCW
SAR rather than an optical camera, this video stream is a rendered representation of radar
data. This stream is mainly used for operator awareness and is optimized for low la-
tency.

The second path is the payload image flow, which transports the final processed SAR
result. Once this image is produced, it is packaged as the final payload result and sent
to the DJI-side interface. This separation keeps the real-time monitoring path lightweight
while preserving the quality and integrity of the final SAR image product.

2.5 Mechanical System Design

The mechanical enclosure system was designed to support integration between the radar
frontend, onboard processing hardware, PCB assemblies, wiring interfaces, and the UAV
mounting structure. The final enclosure consists of a detachable upper cover and lower
enclosure body fabricated using 3D printing technology. The enclosure was designed
to provide structural rigidity during UAV operation while maintaining accessibility for
subsystem assembly, debugging, and maintenance.

During subsystem integration and assembly, several enclosure revisions were required to
accommodate practical hardware constraints identified throughout testing. Initial enclo-
sure dimensions were insufficient to support simultaneous placement of the NVIDIA Jet-
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DJI Pilot or Custom Mobile App

DJI PSDK Interface

Payload Computer
State Machine + SAR Control + SAR Processing

FMCW Radar Front-End

Raw FMCW Radar Data
Local Storage

Preview Generation

Video Flow
Real-Time Preview

SAR Image Formation

Image Flow
Final SAR Image

control commands

radar control

samples
stored data

live monitoring processed result

Figure 5: Control path, real-time video flow, and final image flow. The payload computer
performs command handling, radar control, data storage management, preview genera-
tion, and SAR image processing.

son Orin Nano development board, RF circuitry, PCB assemblies, and associated wiring
interfaces within the payload structure. As a result, the enclosure geometry, internal lay-
out, and mounting arrangement were iteratively redesigned throughout the integration
process.

The enclosure width and internal clearance were increased to accommodate the Jetson
Orin Nano development board and provide sufficient spacing between the onboard pro-
cessor, RF frontend, and PCB assemblies. The enclosure length was also adjusted multi-
ple times during development to balance wiring accessibility, subsystem placement, and
compatibility with the UAV gimbal-supported payload structure. These modifications
were necessary because the onboard processor, RF circuitry, and PCB assemblies needed
to remain in close proximity while still maintaining sufficient clearance for cable routing
and gimbal rotation during UAV operation.

Special consideration was given to wire routing between the Jetson platform, RF circuitry,
and gimbal assembly. The limited cable length between subsystems required the routing
openings and internal layout to be redesigned to reduce cable bending and simplify in-
ternal wiring paths. Openings were repositioned to allow cables from the Jetson platform
to exit through the enclosure side wall and loop back toward the RF and PCB assemblies
while avoiding interference with the payload structure and gimbal movement.

Figure 6 shows the dimensional engineering layout of the enclosure body structure. The
layout defines the overall enclosure dimensions, mounting hole placement, and subsys-
tem integration geometry used during fabrication. Figure 7 illustrates the corresponding
3D CAD renderings of the enclosure body. The cylindrical mounting features located
at the upper corners of the enclosure body provide the primary mechanical attachment
points for the UAV gimbal-supported payload interface. The rectangular side opening
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shown in the renderings was introduced to provide an exit path for wiring connected to
the Jetson platform and supporting electronic interfaces. Additional openings on the op-
posite side of the enclosure allow sufficient cable clearance for RF and gimbal-connected
wiring during payload rotation and UAV movement.

Figure 6: Dimensional layout of the enclosure body structure

Figure 7: 3D CAD renderings of the enclosure body structure
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Mechanical fastening and vibration stability during UAV operation were also considered
throughout the enclosure design process. Dedicated mounting holes and internal sup-
port structures were incorporated to securely fasten the Jetson board, PCB assemblies,
and RF components within the enclosure. Because the RF circuitry required vertically
stacked mounting and precise spacing between assembled components, layered screw
mounts and custom support spacing were integrated into the enclosure structure to main-
tain alignment and prevent component displacement during flight operation.

The detachable upper cover was designed to support mounting of the RF circuitry while
also allowing simplified subsystem assembly and maintenance access. Figure 8 shows
the dimensional layout of the detachable enclosure cover, including the placement of
mounting holes used for RF circuit installation and cover attachment. The mounting hole
locations were positioned using measured spacing from the assembled RF circuitry to
ensure alignment between the RF components, PCB assemblies, and layered screw sup-
ports. These mounting points were used to mechanically stack and secure the RF circuit
components within the enclosure during UAV operation.

Figure 9 illustrates the 3D CAD renderings of the detachable cover structure. The internal
mounting holes visible in the renderings were designed to support fastening between the
cover and enclosure body while maintaining structural rigidity during payload move-
ment and vibration. Additional cutouts and mounting features were incorporated to im-
prove accessibility during assembly and subsystem integration.

Figure 8: Dimensional layout of the detachable enclosure cover

The final enclosure geometry balances subsystem accessibility, wiring clearance, struc-
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Figure 9: 3D CAD renderings of the detachable enclosure cover

tural rigidity, vibration resistance, and compatibility with the UAV-mounted gimbal-supported
payload assembly. All enclosure components were manufactured using 3D printing tech-
nology, enabling rapid prototyping, iterative dimensional modification, lightweight fabri-
cation, and subsystem-specific customization suitable for UAV payload integration.

2.6 PCB Design

Figure 10: Our PCB

The PCB mainly needs to implement two functions. The first function is to provide a
waveform for the RF circuit to generate linear frequency modulation waves. The second
function is to filter and amplify the mixed signal received by the mixer. The final PCB is
divided into three main functional sections: the wave generator, the signal amplifier, and
the power supply. Detailed descriptions are provided below:
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2.6.1 Wave Generator

The wave generator section is built around the XR2206 function generator IC. This circuit
is designed to generate configurable low-frequency test waveforms, including a triangle-
wave output for the voltage-controlled oscillator and a square-wave output for the ADC
board. The oscillation frequency and amplitude are mainly determined by the external
timing capacitor and adjustable resistor network connected to the XR2206. In this project,
we need a 0.8 V peak-to-peak voltage and a 50 Hz triangular wave.

Figure 11: Wave generator

2.6.2 Signal Amplifier

The signal amplifier section uses a fourth-order low-pass filter to filter out high-frequency
components from the mixer. We set the cutoff frequency to 20 kHz so that the maximum
detection distance is

Dmax =
fmax · c
2Kr

=
2× 103 × 3× 108

2× 6× 109
= 500m

The filtered signal is then passed to an amplifier, whose gain can be modified by adjusting
the adjustable resistor. As long as the output level is less than the maximum output of the
chip, the gain is expected to be about 30 dB maximum.

Figure 12: Signal amplifier

2.7 Power Supply

The power supply section uses an AMS1117-5.0 linear voltage regulator to generate a reg-
ulated +5V rail from the external input supply. This regulated voltage is used to power
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the waveform generation and signal-conditioning circuits. Input and output capacitors
are included to improve voltage stability and reduce power-supply noise. An LED indi-
cator with a current-limiting resistor is also included to provide visual confirmation that
the board is powered.

Figure 13: Power supply

2.7.1 Schedule

Week Yinfei Ma Chenxiao Wang Giselle Victoria
03/23/2026 Review UAV com-

munication require-
ments; study SAR
processing back-
ground

Investigate SAR
imaging algorithms
and FMCW radar
requirements

Design initial system
pipeline and identify
subsystem interfaces

Draft system archi-
tecture and plan top-
level block diagram

03/30/2026 Learn DJI PSDK,
UART, and network
communication;
design document
writing

Study SAR algo-
rithms and PCB/RF
requirements; design
document writing

Refine pipeline and
interface definition;
design document
writing

Draw block diagram
and analyze mechan-
ical requirements;
design document
writing

04/06/2026 Implement basic
UAV communica-
tion bring-up and
telemetry retrieval

Continue algorithm
comparison; begin
PCB schematic plan-
ning

Develop detailed
processing and com-
munication pipeline

Refine system block
diagram; begin pay-
load enclosure CAD
modeling

04/13/2026 Implement com-
mand handling, data
logging interface,
and SAR processing
code

Complete PCB
schematic planning;
study RF circuit and
antenna constraints

Refine mechanical
layout and internal
component place-
ment

Refine CAD model;
design hardware
fixing and mounting
strategy

04/20/2026 Integrate telemetry
with radar metadata;
test SAR algorithm
with preliminary
data

Complete PCB lay-
out and fabrication
preparation; analyze
RF chain

Prepare enclosure
prototype and evalu-
ate wiring paths

Prepare 3D printing
files; evaluate gim-
bal clearance and
mounting compati-
bility

04/27/2026 Improve UAV com-
munication reliabil-
ity, payload com-
mand response, and
synchronization

Prepare PCB compo-
nents; set up RF link;
evaluate antenna
optimization

3D print enclosure
prototype and sup-
port mechanical as-
sembly

Assemble enclosure
prototype; improve
hardware fixing and
cable routing
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Week Yinfei Ma Chenxiao Wang Giselle Victoria
05/04/2026 Integrate UAV com-

munication code
with full payload
software pipeline

Solder PCB; test
waveform genera-
tion and amplifier
stages

Finalize mechanical
mounting and enclo-
sure adjustments

Integrate hardware
into enclosure; de-
bug wiring and me-
chanical stability

05/11/2026 System-level com-
munication testing,
telemetry valida-
tion, and algorithm
verification

Debug RF chain; ver-
ify PCB; test antenna
and support integra-
tion

Support system-
level testing; refine
enclosure based on
integration results

Full mechanical de-
bugging, reliability
checking, and inte-
gration support

05/18/2026 Final test; demo and
presentation prepa-
ration

Final test; demo and
presentation prepa-
ration

Final test; demo and
presentation prepa-
ration

Final test; demo and
presentation prepa-
ration

15



3 Testing and Verification

3.1 PCB Testing

For the PCB, we mainly tested two functions: waveform generation and echo signal pro-
cessing.

For the wave generation part, by adjusting the values of the variable resistors, we gener-
ated waveforms with the required frequency, amplitude, and shape. As observed on the
oscilloscope, we successfully generated a triangular wave with an amplitude of 0.8Vpp

and a frequency of 50Hz, as well as a square wave with a frequency of 50Hz.

Figure 14: Wave generation testing

For the echo signal processing part, we used a function generator to input a cosine wave
with an amplitude of 10mVpp and a frequency of 1000 kHz. We then measured the pre-
processed output signal sent to the ADC board. The output waveform showed 500mVpp,
which is about a 50-fold increase in amplitude compared to the input waveform, confirm-
ing that the PCB design functions correctly. The SNR measured in the amplified signal is
about 7.3 dB, which satisfies the requirements.
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Figure 15: Wave amplifier testing

3.2 RF Testing

We used an oscilloscope to detect the echo of the antenna and a metal plate to cover the
antenna. The results are shown below:

Figure 16: Antenna Test

The waveform on the left side of the figure shows the waveform before the cover, and the
waveform on the right side shows the waveform after the cover. It can be seen that the
waveform has undergone significant changes. We can consider the antenna to be working
effectively.

3.3 Communication and Telemetry Testing

The communication and telemetry subsystem was tested by establishing communica-
tion between the onboard processing unit, the DJI Extension Board, and the UAV plat-
form.
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The onboard computer was connected to the DJI communication interface through UART
and network connections. Preliminary tests were performed to verify the initialization of
communication and the retrieval functionality of telemetry. During testing, the onboard
processing unit successfully received UAV position and telemetry information from the
DJI platform.

Simple communication programs were also executed to verify stable data exchange be-
tween the payload computer and UAV system. The results confirmed that communi-
cation between the onboard processing subsystem and UAV platform was successfully
established.

3.4 SAR Processing Verification

The onboard SAR processing pipeline was verified using simulated radar datasets and
preliminary processing tests on the NVIDIA Jetson Orin Nano platform [5].

Signal preprocessing operations including filtering and noise reduction were first applied
to the radar data before range-domain processing. Fourier transform operations were
then performed to convert the radar signal into the frequency domain for SAR image
reconstruction.

Verification was performed by comparing the GPU reconstruction output against a con-
ventional backprojection reference. The reference BP implementation provides a high-
quality baseline because it directly evaluates the contribution of each pulse to each image
pixel. The CUDA implementation was first checked against this baseline on smaller im-
age grids to confirm numerical consistency and correct phase behavior. Timing measure-
ments were then collected on the Jetson Orin Nano to evaluate whether the reconstruction
could meet onboard processing requirements.

The verification results show that GPU acceleration provides a substantial reduction in
processing time, and that the factorized structure further reduces the cost of coherent
summation. The FFBP implementation therefore provides the intended tradeoff for the
system: high-quality SAR image formation with significantly lower computational load
than full backprojection, making it the chosen algorithm for the final onboard UAV SAR
imaging pipeline.

3.5 Mechanical Verification

The mechanical subsystem was verified through CAD inspection, enclosure assembly
evaluation, and 3D printing preparation.

Several enclosure revisions were performed to improve board clearance, cable routing
accessibility, and compatibility with the UAV mounting structure. The enclosure dimen-
sions were adjusted to provide additional spacing for onboard circuitry and wiring.

The enclosure length was increased to better accommodate onboard boards and subsys-
tem wiring. In addition, one side opening was widened to simplify cable access and
improve connector accessibility during assembly and debugging.
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Figure 17: The timing results for the FFBP algorithm. The total imaging process using a
pre-recorded 1-minute radar output can be completed within about 2 s. This satisfies the
HLR for real-time processing.

Particular attention was given to cable routing near the UAV gimbal structure. Internal
wiring paths and component placement were adjusted to reduce possible interference
with gimbal movement during operation.

The final enclosure revision was prepared for 3D printing and evaluated for printability,
support placement, and structural stability.

3.6 Integration Results

Subsystem integration testing was performed to evaluate communication, power deliv-
ery, and interaction between major hardware modules.

The onboard processing unit, communication interface, radar subsystem, and mechanical
enclosure were assembled within the integrated payload structure. Preliminary testing
verified successful communication between the onboard computer and UAV platform
while supporting radar operation and local processing tasks.

Ground-based testing was also performed to evaluate subsystem synchronization, cable
stability, and communication reliability.

The integrated system demonstrated successful coordination between sensing, communi-
cation, processing, and mechanical subsystems, representing substantial progress toward
a UAV-mounted SAR platform.
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3.7 System Limitations and Tradeoffs

Although the project demonstrated subsystem integration and onboard processing capa-
bility, several limitations remain.

SAR image quality and radar signal stability may be affected by antenna positioning,
environmental reflections, vibration, and UAV motion. Additional calibration and flight
testing are required to further evaluate system performance.

While the NVIDIA Jetson Orin Nano provides strong embedded processing capability,
real-time SAR image generation remains computationally intensive for larger radar datasets
and higher-resolution images.

Mechanical integration also introduced tradeoffs between enclosure size, payload weight,
cooling requirements, and cable access. Enlarging the enclosure improved board clear-
ance and wiring ease, but increased payload dimensions and structural complexity.

3.8 Summary

The testing and verification procedures demonstrated successful subsystem functional-
ity and significant progress toward the implementation of a UAV-mounted FMCW SAR
platform with onboard processing capability.

PCB testing verified waveform generation and signal amplification functionality, while
RF testing confirmed preliminary radar signal transmission and reception capability. Com-
munication testing demonstrated successful telemetry exchange between the onboard
computer and UAV platform, and SAR processing verification confirmed successful exe-
cution of the onboard processing pipeline.

Mechanical verification and subsystem integration testing further demonstrated success-
ful enclosure redesign and compatibility between onboard hardware components and the
UAV payload structure.
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4 Cost

4.1 Parts

Table 2 summarizes the estimated hardware and manufacturing cost of the completed
system, including the embedded computing platform, PCB fabrication, electronic com-
ponents, and mechanical structure materials.

Table 2: Estimated Manufacturing Cost

Category Item Description Estimated Cost
(¥)

Edge Computing
Platform

NVIDIA Jetson Orin Nano Developer
Kit (8 GB)

2500

NVMe M.2 SSD 800

PCB and Electronics PCB fabrication 120

PCB components 200

High-speed ADC/DAC interface
components

500

Miscellaneous electronic components 100

Mechanical Struc-
ture

3D printing materials 200

Mounting hardware and vibration
isolators

50

Total 4470

4.2 Labor

Assuming that each of us has a labor rate of ¥50/hour, the total construction period is
estimated to be 120 hours. The total labor cost is calculated as:

¥50/hr × 4× 120hrs = ¥24000 ≃ $3430 (1)
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5 Conclusion

5.1 Accomplishments

This project developed a UAV-mounted FMCW SAR platform integrating radar sensing,
onboard processing, communication control, and a custom enclosure into a unified em-
bedded system.

The RF and PCB subsystems demonstrated waveform generation, signal amplification,
and radar signal acquisition functionality. Communication between the onboard com-
puter and DJI platform was established through the DJI Payload SDK interface.

An onboard SAR processing pipeline was implemented on the NVIDIA Jetson Orin Nano
platform, including signal preprocessing, range processing, and preliminary SAR image
reconstruction. The project demonstrated the feasibility of onboard SAR sensing and pro-
cessing on a UAV platform.

5.2 Uncertainties

Although significant progress was achieved, several limitations remain. SAR image qual-
ity may still be affected by motion disturbances, antenna alignment, environmental re-
flections, and UAV vibration. Additional calibration and flight-based testing are required
to further evaluate system performance.

Real-time processing also remains computationally intensive for larger radar datasets and
higher-resolution image generation. Mechanical integration challenges related to payload
wiring and operational stability also require further refinement.

5.3 Ethical Considerations

This project involves UAV operation, FMCW radar sensing, onboard computation, wire-
less communication, and local data storage. Therefore, the main ethical concerns are
public safety, privacy, RF compliance, cybersecurity, and accurate reporting of system
limitations. Following the IEEE Code of Ethics, the project was intended for engineer-
ing research and environmental sensing rather than personal surveillance, and the team
aimed to prioritize safety, responsible data use, and honest communication of technical
results.

The primary safety risk comes from mounting custom radar and computing hardware
on a UAV. Loose wiring, unstable mounting, gimbal interference, or payload imbalance
could create hazards during operation. To reduce these risks, the system was first tested
on the ground, and the enclosure was redesigned to improve component fastening, ca-
ble routing, board clearance, and compatibility with the UAV payload structure. Future
flight tests should be performed only in approved open areas with a pre-flight checklist
covering payload attachment, cable clearance, battery condition, communication status,
and emergency procedures.
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Because the system transmits FMCW radar signals, RF safety and interference must also
be considered. Radar operation should remain within permitted frequency bands and
power limits, and testing should be limited to controlled laboratory or approved outdoor
environments. If unstable RF output or unexpected interference is observed, transmission
should be stopped until the issue is identified.

Privacy is another concern because radar sensing can collect information about objects
and environments without visible-light imaging. Data collection should therefore be lim-
ited to approved test scenes and should avoid private areas or uninformed bystanders.
Raw radar data, telemetry logs, and reconstructed SAR images should be stored only
for project validation, shared only with authorized team members and course staff, and
deleted when no longer needed.

The communication interface also introduces cybersecurity risks. Payload commands
and data transfer should be restricted to trusted DJI PSDK and onboard control interfaces,
and the system should not be connected to untrusted networks during testing. Finally,
the team should clearly report unresolved limitations, including incomplete flight testing,
motion sensitivity, vibration effects, antenna alignment issues, and the difference between
onboard processing tests and full end-to-end real-time operation.

5.4 Future Work

Future work will focus on flight-based SAR testing and system optimization. SAR pro-
cessing optimization may improve image quality, processing speed, and motion com-
pensation capability. Future improvements may also include lighter enclosure materi-
als, improved thermal management, more compact subsystem integration, and enhanced
real-time visualization capabilities.
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