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Senior Design Goal 

 Radar imaging indoors 

 

 Combine Ultra-Wideband (UWB) technology and 
Synthetic Aperture Radar (SAR)  

 

 “See-through-wall Radar” 
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UWB – What is it? 
 Ultra Wideband Radio 

 Uses wide frequency 
bandwidth  

 Low power spectral density 

 Almost no regulation 

 Don’t need a license to use 

 Can use indoors 

 Can safely use around people 

conventional 
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Our Radar 
 PulsON P400 module  

 Developed by Time Domain 

 4.3 GHz center frequency 

 Transmits across 2.2 GHz bandwidth 
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P400 module (prototype) used for project 



Radar Scans 
 Radar Signal 

 Pulsed output for this project 

 Transmit pulse 

 Wait 

 Receive pulse 

 Correlate time to distance 

 Can find objects by increased power (spike) on scan 
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Radar Imaging 
 Radar scan is one dimensional 

 Want a two dimensional image 

 Combine several scans 
 Precise location of each scan 

 More scans improves image quality 

 Type of imaging 
 SAR 

 Moving radar 

 One set of antennae 

 Combine scans from different locations 
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SAR Image of Calibrated Sphere 

Photo of Calibrated Sphere 
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SAR – How It Works 
 Take scans at different positions 

 Need to know the distance between 
two scans as precisely as possible 

 Create an imaging grid 
 Calculate distance between radar 

and each grid point 

 Map out scan into grid points 

 Overlay scans on each other 
 Values are added together to form 

relative intensity plot 

 More scans make the image more 
clear 
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Design Constraints 
 High Initial Cost 

 Cluttered Environment 

 Legal and Health Issues 

 Will radar be legal? 

 Will radar be safe? 

 Social Issues 

 Advantages 
 Search and rescue 

missions 

 Hostage negotiations 

 Disadvantages 
 Low power 

 Limited range 
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Design Specifications 
 Software 

 MATLAB Code 

 Stepper Motor Driver Code 

 Autohotkey Code 

 Hardware 

 Radar 

 Antenna Type 

 Housing or No Housing? 

 Track (Stepper motor & worm gear) 

 Photos of antenna on track 
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Rear view of antenna  
showing electronics 

Front view of antenna  



Our Journey 
 Suppress initial noise (cross 

talk) with RF absorber  

 Evaluate antenna types 
Goal: increase front to 
back isolation, increase 
field of view. 

 Build a platform to move 
the Radar. 
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RF Absorber 

Vivaldi Three Element Cavity 
directional antenna 

Stepper motor with worm gear 



Radar Range Equation 

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Normalized Power vs distance 

Distance Actual Ideal 

1 1/1 1/1 

2 1/13.3 1/16 

3 1/104 1/81 
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Confirming Radar Range Equation 



Test Range 
 Typical University Lab area 

 Approximately 4 x 5 meters 
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Calibrated Sphere (30cm) 

Radar located here 



Down Range Resolution 

 Down Range Resolution is calculated as: 

 

 

 

 Where c = speed of light (3.0 x 108 m/s) 

      B = bandwidth (2.2 GHz) 

 For the PulsOn 400, the down range resolution is 
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Down range resolution 

At 7 cm apart 

 

At 3 cm apart 

 

At 6 cm apart 

 

At 10 cm apart 
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Targets: Two closely spaced soda cans 

Cans resolve into two separate images. 



Cross Range Resolution  
 Cross Range Resolution for SAR is calculated as: 

 

 

 

 

 Where λ = wavelength of signal (0.069767m) 

     R = Range of target 

    SA = synthetic aperture created by moving 
radar 

 By increasing the synthetic aperture, you can improve 
the cross range resolution (resulting in a clearer image) 
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For R=1.5m and Δcr = 35cm 

SAR Senior Project 18 

Target: Two closely spaced soda cans 

SA = 17 cm SA = 19 cm 

SA = 15 cm 

SA = 11 cm SA = 13 cm 



For R=3.0m and Δcr = 35cm 
SA = 26 cm SA = 28 cm 

SA = 30 cm 
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Images produced of two 
targets center to center 

separation of 
approximately 30 cm 

Increasing aperture (SA), 
the distance travelled by 

the radar, allows 
differentiation of two 

closely located targets. 

SA = 32 cm SA = 34 cm 



For R=3.0m and Δcr = 70cm 
SA = 11cm SA = 13cm 

SA = 15cm 

SA = 17cm SA = 19cm 
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The Sidelobe Phenomenon 
 Distance between scans affects sidelobe 

appearance 

 

 

 

 

 

 

 Greater distance between two pulses results in 
phase differences that create destructive and 
constructive interference 
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Images of 30 cm Metal Sphere at 4 m 

Scans every 10 cm 

Scans every 1 cm 

Scans every 15 cm 

Scans every 5 cm 
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Increasing scan rate (scans/cm) suppressed the side lobes 



Using SAR to Spell out UAH 

 Aluminum cans 
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SA, Cross Range & Down Range separations selected based on previous results. 



See-Through-Wall Imaging 

SAR Senior Project 24 

Radar on Track  

Drywall (Plaster Board) 
Supports 

Drywall 



Final Work Breakdown Structure (WBS) 
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Final Schedule 
Month August September October November 

Week 27 4 10 17 24 1 8 15 22 29 5 12 19 26 

Project X 

Research  X X X X 

Project Summary X 

Project Proposal X X 

Stationary Radar X X X X X 

Stationary Software X X X X X 

Preliminary Design X 

Synthetic Aperture Radar X X X X 

Synthetic Aperture Radar Design X X X X 

Test Functionality X X X X 

Improvements X X X 

Final Presentation X X 
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