
Important parameter in data: resonance quality factor (Q).

We use a series of convolutions (wavelet transform5-6) to estimate the Q of all 
resonances, without performing any fits.

             

               

   

    

   

 
  
 
 
 
  
 
  
 

    

        

     

      

 

  

   

 
 
 
  
 
  
  
 
     

        

 

   

 

 
  
 
 
 

   

       

                            

               

   

 

  

 
  
  
 
  
  
 

Nanophotonic circuits show promise for low-power sensing and computing.

To characterize: measure transmission as a function of wavelength1-3. 

Similarities between spectroscopy and imaging:

Quality factor by convolution agrees with 
direct fitting.

We demonstrated that computational imaging techniques such as denoising, 
deconvolution, and convolution are useful to characterize nanophotonic circuits. 

Parallels between computational imaging and spectroscopy suggest that many more 
computational techniques can be applied.

𝑇 𝜆 = 𝑇𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝜆 ∗ 𝑇𝑟𝑒𝑠𝑜𝑛𝑎𝑡𝑜𝑟 𝜆

Cascaded nanophotonic circuits → multiply optical transfer functions
Isolate 𝑇𝑟𝑒𝑠𝑜𝑛𝑎𝑡𝑜𝑟 𝜆  with inverse filtering or Wiener deconvolution.

We show that computational imaging algorithms are useful in characterizing nanophotonic circuits. 

Devin J. Dean

Methods: Discrete Fourier Transform

Conclusion
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FSRAn alternative visualization of the data is the “time” domain4.

Time domain is useful for
- Denoising 
- Feature extraction
- Convolution for data processing

Resonance: narrow dip with linewidth ~1/𝑄

Wavelets with different widths are convolved 
with the data.

Peaks occur wherever wavelet width matches 
resonance width, indicating Q.

Example Quality Factor Extraction

~1/𝑄
𝑄 = 1 M
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Background: Nanophotonic Circuit Characterization Results: Quality Factor Extraction without Fitting

Spectroscopy Imaging

Physics Light Light

Dimensions 1 2

Priors Periodic Sparse Gradients

Low-pass Filtering for Noise Reduction

Results: Denoising, Feature Extraction

Inverse Filtering for Feature Extraction

Remove noise without affecting signal

Quality Factor Extraction from Data

Fourier Transform → Time Domain

Transmission Spectrum

Nanophotonic Characterization
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