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1. Abstract 
Raman spectroscopy is an optical technique that can be used to evaluate the 
biomolecular composition samples in a non-invasive manner. This technique is 
based on inelastic light scattering as a result of the interaction between incident 
monochromatic light (laser) and a biological sample. Cosmic ray artefacts are 
random unidirectional sharp spikes that distort spectra collected from array 
detectors [1]. They not only reduce the signal to noise ratio of the system but 
may also have an impact on the post processing of spectra. The method 
proposed here is useful for applications where datasets of spectra are recorded. 
It uses normalised covariance to identify a similar spectrum in that dataset. A 
direct comparison reveals the presence of cosmic rays, which can then be 
replaced with the appropriate values from the most similar spectrum without 
interfering with any other spectral features. 
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4. Conclusion 
The goal of removing cosmic rays while making no other change to the 
spectrum is challenging. The proposed algorithm is fully automated and can 
be applied to any dataset of similar spectra. When compared to median 
filtering and Savitsky-Golay processing, these two methods produced either 
false negatives or false positives which caused undesirable changes to the 
spectrum while the developed algorithm removed only the cosmic rays. The 
algorithm achieved a high sensitivity for datasets as small as 5 spectra as 
well as datasets which contained a mix of different cell lines. This method 
achieves similar results to a method proposed in 1993 [5], the double 
acquisition method, but it does not require the additional capture of spectra 
which could halve the time taken to record data.  

2. Algorithm 
a.    A dataset of spectra is supplied to the algorithm, where each row 
of the matrix is a spectrum of the form: 𝑆𝑜 𝑛∆λ  
Where Δλ = 0.187 nm, n = {0,1, 2 ….. N -1} and NΔλ = 1024 

 
b.    Spectra are first area normalised 
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Where 𝑆𝑜(𝑛∆λ)is the spectrum being processed  
and 𝑆𝑗 represents all other spectra in the dataset 
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e. The threshold is applied to the residuals obtained by subtracting 
the most similar spectrum from the original such that: 

𝑆𝑜(𝑘∆λ) =  
𝑆𝑝(𝑘∆λ)…… . 𝑖𝑓 𝑥𝑟𝑒𝑠(𝑘)  >  𝜎

𝑆𝑜(𝑘∆λ)…… . 𝑖𝑓 𝑥𝑟𝑒𝑠(𝑘)  <  𝜎
 

 

𝑆𝑜(𝑘 ± 1∆λ) =  
𝑆𝑝(𝑘 ± 1∆λ)…… . 𝑖𝑓 𝑥𝑟𝑒𝑠(𝑘 ± 1)  >  𝜎 2 

𝑆𝑜(𝑘 ± 1∆λ…… . 𝑖𝑓 𝑥𝑟𝑒𝑠(𝑘 ± 1)  <  𝜎 2 
 

Where 𝑆𝑝 𝑘∆λ  is the spectrum with the highest normalised covariance and  𝑥𝑟𝑒𝑠 

is the array of residuals. Step 2 is only performed on the condition that step 1 was 
already activated. 

3. Results 
After background  subtraction is applied [4, 5] spectra are processed as rows in a 
matrix which comprises the dataset. 

 

Fig 1: An image of 6 spectra, from an original dataset of 21, (a) before and 
after processing (b) the residuals when the green is subtracted from the red 

Fig 2: A comparison between 
the performance of (a) the 
algorithm developed here (b) 
median filtering and (c) where 
Savitsky-Golay smoothing is 
used to approximate a true 
spectrum and a threshold is 
applied to the residuals.  

Fig3: A performance comparison between the developed algorithm and the 
double acquisition method [6]. 

Where 𝑆𝑜 is the mean of 𝑆𝑜(𝑛∆λ) 

 
c.  The most similar spectrum in the      
dataset is identified by   finding the 
spectrum with the highest normalised 
covariance [2] 

d. A threshold is decided by 
calculating the standard deviation 
of the spectrum [3] 
Where k is the kth element in the      
spectrum. 
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Fig 4: A diagram of the system used to collect the datasets used to 
test the algorithm. (L1 and L2 are collimating lenses) 


