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Objective: Evaluate the performance two-dimensional peak detection algorithms  
‒ Peak detection aggregates data points of analyte peaks based on retention times and intensities. 

‒ Two most common two-dimensional (2D) peak detection algorithms:  Two-Step algorithm and Watershed algorithm. 

‒ Vivó-Truyols and Janssen [J. Chromatography A, 1217:1375-1385, 2010] showed that undesirable shifting of second-column retention times can degrade the 

 performance of 2D peak detection algorithms.  They accounted for shift in the Two-Step algorithm but not with the Watershed algorithm. 

‒ This research conducted experiments to compare performance of these 2D peak detection algorithms with shift correction for both algorithms. 

Results: Watershed algorithm outperforms Two-Step algorithm for 2D peak detection 
‒ Watershed algorithm is consistently more accurate for 2D peak detection with various levels of noise, peak widths, and retention-time shifts. 

Two-Step Algorithm 
1. Perform 1D peak detection on each secondary chromatogram. 

2. Merge detected 1D peaks subject to overlap and unimodality 

constraints. 

‒ Overlap constraint parameterizes allowable shifts of the second-

column retention times for merging1D peaks. 

‒ Unimodality constraint ensures that each 2D peak has a single 

apex. 

 

Watershed Algorithm 
Traditional Watershed algorithm is inverted to find peaks rather than 

basins; Drain algorithm [Reichenbach et al., Chemo. Intell. Lab. Sys.,71:107-120, 2004]. 

1. Data points that have the largest value in their neighborhood 

indicate a new peak. 

2. Other data points belong to the same peak as the largest of their 

neighbors. 

Retention-time shifts can be corrected for by shifting the data before 

peak detection or by adjusting the neighborhood. 

Progressive operations of the Two-Step algorithm: 

Each column of data is a secondary chromatogram.  

Points included in the main peak are shown in  

dark gray and other points are shown in light gray. 

Progressive operations of the Watershed algorithm:  

Data points are labeled in intensity order in the 2D 

chromatogram.  

Peak detected by the Two-Step algorithm 

shown with filled circles. 

Peak detected by watershed algorithm 

shown with filled circles. 

2D Peak Detection Algorithms 
‒ Two-Step algorithm: One-dimensional (1D) peak detection on each secondary chromatogram followed by merging detected 1D peaks. 

‒ Watershed algorithm: Peak detection on 2D neighborhoods in both retention-time dimensions simultaneously. 
 



Performance of peak detection algorithms  

as a function of noise standard deviation, σn.  
Performance of peak detection algorithms 

as a function of first-column peak width, σx. 

Performance of peak detection algorithms  

as a function of second-column peak width, σy. 

Performance of peak detection algorithms  

as a function of skew, s. 

Experimental Results 

Results for 2D peak detection algorithms with various levels of noise (σn), peak widths (σx and σy), 

and retention-time skew (s).  More comprehensive results are available by request. 

Slices of a sampled, simulated 2D peak 

displaying each secondary 1D peak. 

Shifted slices incorporating  

a skew in the 2D peak. 

Slices of a skewed 2D peak  

with random Gaussian noise. 

Slices of skewed 2D peak with  

noise after skew correction. 

Simulation of Two-Dimensional Chromatograms to Compare Peak Detection Algorithms 
Simulation allows controlled experimentation with varying levels of noise, peak widths, and retention-time shifts. 

1. Two-dimensional, standard Gaussian peak model, centered at (μx,μy), with unit-integral sampling, parameterized by: 

• First-column peak width, σx. 

• Second-column peak width, σy. 

2. Second-dimension retention-time shift, parameterized by: 

• Skew, s. 

3. Zero-mean, Gaussian-distributed noise, G, parameterized by: 

• Standard deviation, σn. 

Retention-Time Shift Correction 
Retention-time shift correction is implemented for both algorithms as preprocessing for peak detection. 

1. Estimate retention-time skew using cross correlation. 

2. Shift simulated data to correct retention-time skew. 
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‒ Four parameters are varied:  

‒  Noise standard deviation, σn, from 0.0001 to 0.01. 

‒  First-dimension peak-width standard deviation, σx, from 0.25 to 2.00. 

‒  Second-dimension peak-width standard deviation, σy, from 1 to 8. 

‒  Skew, s, from -8 to -1. 

‒ Each experiment is conducted 1000 times. 

‒ Compare intensity mean and standard deviation of 2D peaks detected by 

the Two-Step and Watershed algorithms with the actual peak signal. 

‒ The Watershed algorithm has better accuracy than the Two-Step 

algorithm when retention-time shift correction is used with both methods. 

‒ Statistical significance indicates that the superiority of the Watershed 

algorithm is strongly supported and almost certainly would be observed 

in repeated experiments. 
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