




















SpecificationParameter

<5 minutesSignal receive and 
detection time

0-5 MilesDetection Range

300Mhz to 3000MhzFrequency range

>70%Detection accuracy

<1m^2Size

<$6500Cost

SpecificationParameterEngineering 
Requirement

1 MP (1280x800)
3 um x 3 um
100 fps
Monochromatic
Global

Resolution
Pixel Size
Frame Rate
Color
Shutter Type

Camera(s)

>= 3# of  CamerasCamera Density

125 mm
175 mm
250 mm
25.4 mm
BK7

Focal Lengths

Diameter(s)
Material

Lens System

>= 50%Image OverlapInter-Camera 
Alignment

>= 2x original
>= 1 degree

Resolution

FOV

Super-resolution 
Image











Lens 
Systems 
& 
Cameras

USB 3.0 
Hub

12V DC 
Power

PC







 In imaging systems, angular resolution is defined as:

𝑨𝒏𝒈𝒖𝒍𝒂𝒓 𝑹𝒆𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 ≅
𝝀

𝑫

 In practical camera systems, it can be interpreted as:

𝑨𝒏𝒈𝒍𝒆 𝒑𝒆𝒓 𝑷𝒊𝒙𝒆𝒍 =
𝑷𝒊𝒙𝒆𝒍 𝑷𝒊𝒕𝒄𝒉

𝑬𝒇𝒇𝒆𝒄𝒕𝒊𝒗𝒆 𝑭𝒐𝒄𝒂𝒍 𝑳𝒆𝒏𝒈𝒕𝒉

 Differences in angular resolution between the cameras is key to achieving super-resolution! 
 We can achieve those differences using different focal length lenses!

Angular resolution for each camera:


ଶ଴଺ଶ଺ହ ∗ ଷ ஜ௠

ଵଶହ ௠௠
= 4950.36 

௔௥௖௦௘௖

௣௜௫௘௟


ଶ଴଺ଶ଺ହ ∗ ଷ ஜ௠

ଵ଻ହ ௠௠
= 3532.71 

௔௥௖௦௘௖

௣௜௫௘௟


ଶ଴଺ଶ଺ହ ∗ ଷ ஜ௠

ଵଶହ ௠௠
= 2475.18 

௔௥௖௦௘௖

௣௜௫௘௟

Note: 
• 206265 is the number of  

arcseconds in a radian
• 3600 arcsec/degree



 Field of view (FOV) is defined as how much an imaging system can see, usually defined in degrees

𝐹𝑂𝑉 = 2 ∗ arctan (
𝑥

2𝑓
)

 Variable Definitions:
 x = diagonal of  sensor (in um)

 Since our largest focal length is 250 mm, we used that value to find our limit

𝑥 = 1280 ∗ 3 μ𝑚 ଶ + 800 ∗ 3 μ𝑚 ଶ  ≅ 4.52 𝑚𝑚

𝐹𝑂𝑉 = 2 ∗ arctan
0.00452 μ𝑚 

2
∗ 250 𝑚𝑚

180

π
≅ 1 𝑑𝑒𝑔𝑟𝑒𝑒

 With an approximate 1 degree field of  view, we can use the equation used below to find our object size

𝑂𝑏𝑗𝑒𝑐𝑡 𝑆𝑖𝑧𝑒 = 2𝑑𝑠𝑖𝑛(
ிை௏

ଶ
) = 2(60 feet)sin(

ଵ

ଶ
) ≅ 1 foot







Each lens tube 
is slightly 

shorter than its 
corresponding 

lens focal 
length

~3-4cm

~2cm



CostGain (dbi)Beam PatternFrequency RangeAntenna Type

$80.00 - $200.002.15Omni3K to 300GHalf Wave

$509.004Omni3K to 300GHalf Wave Folded

$14.002Broad915-930 MhzMicrostrip

$85.155Omni896 - 970 MhzCollinear

$247.0012.2Omni880 - 960 MhzYagi-Uda

$0.006Omni300 - 3000 MhzLog Periodic



CostDynamic RangeRTBWDANL dBm/HzFrequency RangeSpectrum Analyzer

$6490-160 dBm to 20 dBm40 MHz-1609 Khz to 6.2 GhzTektronix RSA306B

$654560 dB40 MHz-1659 Khz to 3.2 GhzSiglent SSA3032X-R

$0.00-150 dBm to 10 dBm27 Mhz-1589 Khz to 6 GhzSignal Hound BB60D

$207292.56-170 dBm to 30 dBm2 Ghz-167dBm2 Hz to 55 GhzKeysight N9023B PXA



NVIDIA Jetson NanoRaspberry Pi 5Intel NUC 13 (NUC13ANHi7)Feature

Quad-core Cortex-A57Quad-core Cortex-A76Intel Core i7-1360P (12-core, 16-thread)Processor

4GB LPDDR4Up to 8GB LPDDR4X16GB DDR5RAM

microSD or SSD (via adapter)microSD or SSD (via adapter)512GB NVMe SSDStorage

NVIDIA Maxwell (128 cores)Broadcom VideoCore VIIIntel Iris Xe GraphicsGPU

~10W~5W~63WPower Consumption

Ubuntu, LinuxRaspberry Pi OS, LinuxWindows 11 Pro, LinuxOS Support

$224.99$69.49$0Price

AI-enhanced RF processingLow-power, simple data collectionHigh-performance data processingBest Use Case



Older Android/iPhonesGoogle Pixel 8 ProApple iPhone 15Samsung Galaxy S24 UltraFeature

No (Wi-Fi only)No (Wi-Fi only)Yes (Texting now, voice/data future)Yes (Texting now, voice/data
future)

Starlink Direct-to-Cell Support

VariesGoogle Tensor G3Apple A17 ProSnapdragon 8 Gen 3Processor

4GB-8GB12GB6GB12GBRAM

Varies6.7” OLED (120Hz)6.1” OLED (120Hz)6.8” AMOLED (120Hz)Display

Lower than modern flagships~12-14 hours~13-15 hours~14-16 hoursBattery Life

YesYesYesYesStarlink Wi-Fi Support

<$500$599.99$729.99$0Price



Jackery Explorer 300EF ECOFLOW DELTA Max 
2000

EF ECOFLOW RIVER 2 ProWestinghouse 100WFeature

Lithium-IonLiFePO4LiFePO4Lithium-IonBattery Type

293Wh2016Wh (Expandable)768Wh155WhBattery Capacity

300W / 500W2400W / 5000W800W (1600W X-Boost)150W / Not specifiedPower Output (Rated/Surge)

100W max800W max220W maxYesSolar Input

7.1 lbs48 lbs (Heaviest)17.2 lbs3.75 lbs (Lightest)Weight

$259$1299(most expensive)$379$0(cheapest)Price

9.1 x 5.2 x 7.819.6 x 9.5 x 1210.6 x 10.2 x 8.97.4 x 6.6 x 3.7Dimensions (inches)

Camping, small device backupHome backup, high-power 
appliances

Mid-range power needs, tools, 
RVs

Small devices, ultra-light travelBest Use Case



Aspheric and 
Custom Lenses

Fisheye LensAdjustable Zoom 
Lens

Wide-Angle LensTelephoto LensFeature

Wide rangingWide-ranging24mm-200mm10mm-35mm100mm-600mmFocal Length 
Range

Minimizes spherical 
and chromatic 
aberrations

Field of  view 180 
degrees or more

Best used for 
moving objects 

Wide field of  view 
to give peripheral 
information

Minimizes 
perspective 
distortion and high 
precision with long 
distances

Positive Features

Can be expensiveHigh distortionsFocal length 
changes causing 
image blur and 
chromatic 
aberrations

Barrel distortions 
and low 
magnification

Narrow field of viewNegative features



Rasp. Pi CM3See3CAM_
CU135

IMX219 8MPArducam OV9281Feature

4608x25924208x31203280x24641280x720Resolution

RollingRollingRollingGlobalShutter Type

100 fps (720p)60 fps (1080p)30 fps (1080p)100 fps (720p)Max Frame Rate

1.4 um1.1 um1.12 um3 umPixel Size

MIPI CSIUSB 3.0MIPI CSIUSB 2.0Connection Type

~$40~$100~$35~$50Price

No, rolling shutter leads 
to motion blur

No, rolling shutter leads 
to motion blur

No, rolling shutter leads 
to motion blur

Yes, global shutter 
prevents motion blur

Best for Motion 
Detection

Possible, limited by 
rolling shutter

Possible, limited by 
rolling shutter

Possible, limited by 
rolling shutter

Good, multiple cameras 
with high frame rates

Super Resolution 
Feasibility



PriceBest for multi-camera 
use

Bandwidth for 
each port

External PowerBandwidth# of PortsUSB Hub

~$40Best for multiple 
camera setup

Highest stability 
for each port

60 W5 Gbps7 - USB 3.0Plugable 7-Port

~$60Best if all ports are not 
used, 4-5 cameras

Higher stability 
for each port

36 W5 Gbps7 - USB 3.0StarTech 7-Port

~$40Lots of ports, but when 
all are in used, 
performance issues

Lower 
bandwidth per 
port

60 W5 Gbps10 - USB 3.0Anker 10-Port

~$35Lower 
bandwidth and 
possible power 
issue risk

None5 Gbps4 - USB 3.0StarTech 4-Port



Interface CompatibleBandwidthPower outputProtocol

No400 KB/s1-5mWI2C

No10 Mbp/s3.3-150mWUART

Yes5 - 10 Gbp/s.5-4.5WUSB



CoverageLatencyUpload SpeedsDownload SpeedsPower ConsumptionProtocol

Near cell tower20 - 50ms1 - 50 Mbp/s5 - 150 Mbp/s2 - 10 W4G LTE

Worldwide20 - 50ms10 - 40 Mbp/s50 - 250 Mbp/s10 - 100 WStarlink



AngularReactVanilla JS

FrameworkLibraryLanguageType

Complex, 
structured, 
and 
opinionated

Moderate, 
component-
based

SimpleComplexity

HighModerateNoneSetup 
Needed

GoodHighModerate, 
inefficient

Performance

Large-scale 
enterprise 
applications

Medium to 
large projects

Small 
Projects

Ideal Use 
Case

Front-end Frameworks

React-
• Front-end Library
• Requires a bit of  setup, but easy to develop 

with.
• Easy to expand web application with 

reusable components.
• Great performance for medium sized web 

applications.



RedisCassandraMongoDB

Very HighHighHighEfficiency

Limited 
(memory-
based)

ExcellentGood for large 
datasets

Scalability

Key-value 
storage

Wide column 
store

Dynamic 
schema

Flexibility

MinimalLimitedModerateQuery 
Performance

NoNoYesGeospatial 
Support

Not ACID-
compliant

Eventual 
Consistency

Eventual 
Consistency

Data 
Consistency

Non-Relational Databases

MongoDB-
• Document-based approach makes it easy to 

store and retrieve information.
• Scales well horizontally, which could help 

with storing information from multiple 
sensor nodes.

• Great geospatial indexing capabilities.
• Good balance between flexibility and 

performance.



Premade Web Stacks

MERN-
• Since MERN includes both React and 

MongoDB, our choices for front-end and 
database, it made the most sense to use the 
commonly used MERN stack.

• Uses Node.js and Express for the back-end 
server.



On the left is the information about the sensor, including the location and when it was last updated. 
There is also a map, so the user better understands the location. In the center is a log of  all past 
detections and the associated time and confidence. On the right informs the user if  there are any 
known flights in the area, and if  the signal aligns with the known flights.

Finished Web Application Layout



User-Flow Diagram of  Web 
Application

When opening the web application, the user lands on the main page, containing the 
location, previous detections, and known flights in the area. The user can interact with 
the map to get a better understanding of  the location. The user can also clear all previous 
detections from the database.



RF Signal Detection Flow

The sensor-side computer connects to the spectrum analyzer using the Spike SDK, utilizing 
SCPI commands. When the script runs, it first sends an API call to the website with the 
current location. Then, the script sends a command to start recording, waits for a specified 
amount of  time, then stops the recording and saves the file. The model is then run on the file, 
and if  an airplane is detected the script sends an API call with the time and confidence level.



Super Resolution Techniques
ConsProsImage QualityComputational

Cost
InputTypeMethod

Blocky artifacts, 
jagged edges, poor 
detail retention

Fast,
Simple, zero 
processing time

PoorVery Low1 ImageSingle Image,
Interpolation

Nearest
Neighbor

Blurry, soft edges, 
still loss of detail

Smooth results,
slightly better 
than NN

FairLow1 ImageSingle Image,
Interpolation

Bilinear

Blurs fine details, no 
resolution gain

Smoother than 
bilinear,
better edges

GoodModerate1 ImageSingle Image,
Interpolation

Bicubic

Requires accurate 
image alignment, 
sync capture, more 
processing time

Uses actual new 
information from 
differences in 
angular 
resolution

Very GoodHighMultiple 
Images
Aligned

Multi-Image
& Alignment

Back-Projection
(Multi-Image SR)

Requires GPU, 
training data or 
pretrained model, 
sensitive to 
misalignment

Learns complex 
patterns, 
preserves fine 
details, robust to 
noise

ExcellentVery HighMultiple
Images
Aligned

Multi-Image
& Deep Learning

ESRGAN

Multi-Image Super 
Resolution

 MATLAB & Python

 Doesn’t require as much 
data as ESRGAN

 Back-Projection improves 
the output by minimizing 
reconstruction error —
works better with multiple 
complementary inputs



OpenCVDetectron2YOLO (You Only 
Look Once)

TensorFlow

Very HighModerateVery HighModerate-HighSpeed

Low-Moderate 
(Less accurate for 
complex scenes

Very HighModerate-HighHighAccuracy

Easy, 
straightforward 
setup and 
deployment

Moderate-EasyModerate (if  using 
pre-trained 
models)

Moderate 
(requires setup)

Ease of  Use

Embedded 
systems, desktop 
applications

Server, desktop, 
research 
environments 
(heavy 
computational 
demand)

Embedded 
devices, desktop 
applications

Web, mobile, 
cloud

Deployment 
Environments

Rapid 
prototyping, low-
resource devices, 
simple detection 
tasks.

High-accuracy 
applications, 
scientific image 
analysis

Real-time video 
analysis, 
surveillance, 
frones

Industrial 
automation, 
traffic 
surveillance, 
object tracking

Ideal Use Case

Image Object Detection Models

YOLO-
• Known for high performance and 

real-time object detection 
capability.

• Great where rapid-response times 
are crucial.

• Moderate ease of  use using pre-
trained models.

• High accuracy for our use-case.



XGBoostPyTorchTensorFlowScikit-learn

Very fastModerate, faster 
with GPU

Moderate, faster 
with GPU

Fast for small to 
medium datasets

Speed

Extremely high on 
structured data

High, good for 
experimentation

High with deep 
learning models

Good for classic 
models

Accuracy

ModerateModerateSteeper learning 
curve

EasiestEase of  Use

CLI, API, and 
cloud-compatible

FlexibleGreat for 
embedded

Easy to deploy in 
lightweight apps

Deployment 
Environments

Handling large 
datasets for high 
accuracy

Custom detection 
networks & R&D

CNNs, RNNs, 
time-series 
detection

Prototyping 
traditional models

Ideal Use Case

Machine Learning Libraries for RF

TensorFlow-
• Access to deep learning and neural 

networks.
• Works with Python, our main 

scripting language.
• Able to train with GPU, making 

training times faster.
• Works good for supervised learning 

with labeled datasets.









“Recycling”

~70ft away

~22cm long

iPhone 14 Pro
(Result for 
comparison)



Wide (125mm) Middle (175mm) Narrow (250mm)







~10ft away

Focusing on “W”
- 7cm tall
- 2cm wide



Middle part 
of  W is very 
pixelated 
here

More pixels 
to define 
that same 
part!





PriceFuture HardwareCurrent SoftwarePriceCurrent Hardware

$449.00Power Supply/ Solar$4690.00Spectrum Analyzer

$96.89Raspi 5$50.00 / month$450.00Starlink Terminal

$279.002-way Power Divider$920.00Aventas Antenna x2

$1146.96Aarona Antenna$75.00 / month$800.00Android Phone

$750.00Intel NUC

$130.00Portable PSU

$150.00Misc. Cables / 
Motors etc.

Note: All costs were 
covered by 

SOUTHCOM



Responsible PartyNecessary Element

Carter ClavellAntenna

Carter ClavellSpectrum Analyzer

Nathanael OlsonPower System

Nathanael OlsonMini PC

Kai DoldanDetection Algorithm

Garrett MosrieWebsite



Part NumberVendorCostComponent(quantity)

LA 1986Thor Labs$23.40Plano-Convex Lens 
f=125mm(1)

LA 1229Thor Labs$22.61Plano-Convex Lens 
f=175mm(1)

LA 1461Thor Labs$22.14Plano-Convex Lens 
f=250mm(1)

OV9281Amazon$40Arducam Global Shutter 
Camera(3)

N/AAmazon$40Pluggable USB Hub(1)

Note: All costs were 
covered by 

SOUTHCOM



Responsible PartyNecessary Element

Alexander AlonzoLens System Design

Alexander  AlonzoLens Research

Xavier ColonSuper-resolution Algorithm

Xavier ColonCamera Research & Integration

Alexander Alonzo & Xavier ColonOptimization








