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Talk Overview 

 start by explaining the physical setting (introduction) 

and the resulting model 

 then one approach to solve the model will be presented   

THz stand-off single-pixel Camera using Compressed Sensing 
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Introduction: Terahertz (THz) 

• Terahertz (THz)  
• stand-off  
• single-pixel Camera 
• FMCW-Radar 

 electromagnetic radiation outside of the visible range 

Advantages: 

 ability to penetrate many optical obstructions (clothing, plastics, etc.) 

 not harmful to people/living tissue (unlike X-rays!!!) 

   good suited tool for „Security applications“ 

 we intend to use 0.35 THz radiation 

Disadvantages  
 invisible radiation 
 difficult to generate/detect 
 limited analog processing capabilities 
 large optical components necessary 



    

Introduction: stand-off 
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≈2m 

≈1.5m 

THz-Body Scanner 

• Terahertz (THz)   
• stand-off  
• single-pixel Camera 
• FMCW-Radar 

 image acquisition from a distance of several meters (≈10m)  
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Introduction: single-pixel camera 

• Terahertz (THz)   
• stand-off   
• single-pixel Camera 
• FMCW-Radar 
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Introduction: FMCW-Radar 

• Terahertz (THz)   
• stand-off   
• single-pixel Camera  
• FMCW-Radar 

Homodyne FMCW setup 

Measured signal (FFT) 

Synthesizer 
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Rx 
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Idea 

• Terahertz (THz)   
• stand-off   
• single-pixel Camera  
• FMCW-Radar  

combination of all aforementioned aspects 



    

Algorithmic Part - Outline  
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1. Mathematical Model 

2. Reconstruction Approaches 

3. Simulation Results 

4. Summary & Outlook 
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Model  

Measurement equation: 
𝐘 =  𝛟 𝐗 + 𝐄   
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Projection map: 
𝐚 =  𝐗 ∙ 𝟏, with 𝟏 = 1 1…1 𝐓  ∈ ℝ𝑝𝑥1 

 

 

 

Depth map: 

𝐝 =  𝐗 ∙ 𝐩 ∙ diag 𝐚 −1,  

with 𝐩 = 1 2…P 𝐓 ∈ ℝ𝑝𝑥1 

Model  
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• Separate slice wise 

𝐱𝑖,rec = argmin
𝐱𝑖

1

2
 𝛟 𝐱𝑖 − 𝐲𝑖 2 + 𝜆1  Ψ 𝐱𝑖 1  

 

 

• Iterative approach using sparsity in the projection map 

𝐚rec = argmin
𝐚

1

2
 𝛟 𝐚 − 𝐘 ∙ 𝟏 2 + 𝜆1  𝛹a 𝐚 1 , solve 𝐗𝐝,guess 

= argmin
𝐗

 𝛟 𝐗 − 𝐘 𝐹  iteratively  

 

 

• 3D reconstruction with additional regularizing terms 

𝐗rec = argmin
𝐗

  
1

2
 𝛟 𝐗 − 𝐘 𝐹 + 𝜆1  𝛹a 𝐚(𝐗) 1 +𝜆2  𝛹d 𝐝(𝐗) 1

+ 𝜆3  [𝛻 𝐚 𝐗 , 𝛻 𝐝 𝐗 ]
1,2

  
 

 

Reconstruction approaches 
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Step 1: solve 𝐚rec = argmin
𝐚

1

2
 𝛟 𝐚 − 𝐘 ∙ 𝟏 2 + 𝜆1  𝛹a 𝐚 1   

up to a high accuracy of a 

 

Step 2:  𝐗𝐝,guess = argmin
𝐗

 𝛟 𝐗 − 𝐘 𝐹   

iteratively  

 

Step 3: find maxima in each row of X 

 

Step 4: new X is created with zeros and projection map  

coefficients at the maxima positions 

 

Step 5: Go to step 2 

• using sparsity in the projection map 

• includes the knowledge that we probably have 

only one element in each row: 

Reconstruction approaches - iterative 



    15 

Projection map: 

Depth map: 

Simulation Results  

Higher noise 

Sampling ratio: M = 0.75N 

Simulation with human 3D point cloud for varying measurement noise: 
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Projection map: 

Depth map: 

Simulation Results  

Simulation with human 3D point cloud for varying number of measurements: 

Lower Sampling 
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Summary & Outlook  

• novel combination of THz FMCW radar with a single-pixel 

measurement approach 

• for the reconstruction of 3D (2.5D) images an iterative algorithm 

was proposed 

• the presented iterative algorithm exploits sparsity  

in the projection map a 

• next steps: Algorithm will be tested on real data 

 evaluation and refinement (multiple scattering events?)  

 model extensions (coherent radiation)   



    

Thank you! 
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