Alignment for Comprehensive Two-Dimensional Gas Chromatography

(GCxGC) with Global, Low-Order Polynomial Transformations
Davis Rempe, Stephen Reichenbach, Stephen Scott

T _

As columns age and differ between systems, retention Preprocessing: Data p_reprocessing used GC Image GCxGC Edition Softwa_tre (R2.6 alpha b_uild) Replicate 18, 19, 1D,|Training 0.0g Replicate 18, 19, 1|::,| Testing . Replicate 18, 19, ZD,I Training 004 Replicate 18, 19, zn,l Testing
i for GC x GC b | d from GC Image, LLC (Lincoln NE, USA). For each set of chromatograms, a list of corresponding = = A N o =
times for X may vary etV\_/e_en runs. n oraer to _ peaks — peaks which could be located in all chromatograms — was compiled to be used as alignment Nnr'e g 0.04) £ 0.06] & » 0.03
properly analyze chromatograms, it is often desirable to align points. The diesel sample chromatograms produces 112 corresponding peaks, the wine samples ﬁffl”"; = = e 001 =
: : 0 = £ 0.04 = - £0.02}
chromatographic features between chromatograms. This have 78 peaks, and the cocoa sample has only 33 peaks. poya | 5002 i W) 005 | u t —

. . . . 0.02 = = 0.017 —
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degree polynomial transformation functions — namely affine, training set, which is used to determine the transform, and a testing set, which is used to 0 28 58 81 112 0 28 58 81 112 0 28 26 81 112 VST 28 88 a1 112
Second-deg ree polynomiaL and th”"d-deg ree polynomial independently evaluate performance. To account for variability, results over multiple rounds of cross- Training Set Size (peak pairs) Training Set Size (peak pairs) Training Set Size (peak pairs) Training Set Size (peak pairs)
. : JUE : - validation are evaluated. Each cross-validation result is computed across random partitions, for each

are efrective for a_‘“gnmg pairs of Chromatograms vaUIred transformation method (including no transformation), for both the training set and the testing set, at Minimum RMSE Reached by Alignment Methods in the 1D (min) and 2D (sec) for Diesel Chromatograms
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(GC X ZGC)_ This work assesses the experimental number of peak-pairs, and for both directions (i.e., switching the target and reference 9 D °D D D D ’D D °D D 2D
chromatograms). For each training set size, 100 cross-validation trials are run. The RMSE for a 012011-061413 0.7563 |0.2414 |0.0767 [0.0344 |(0.0806 |0.0184 |[0.0641 |0.017 0.0871 |0.0346
performance of these same methods on more general GC x
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benchmark is the system’s inherent variability or noise and is regarded as the lower bound on
D S | alignment performance. Secondly, the peak RMSE is compared to that of the local algorithm, as Average|0.4408 ]0.2679 |0.0682 |0.0328 [0.0689 |0.0223 |0.0604 |0.0211 _
ata amp €S well as the number of alignment points needed to reach this peak RMSE. : :
Results from a diesel replicate and sample run, summary table.

Alignment Models
1D Performance for Wine Sample Chromatograms ’D Performance for Wine Sample Chromatograms
There are three global, polynomial transformation alignment methods being tested, along with the 0.07 0.03
one local algorithm from Gros et al. On each test, the identity transformation function is also tested — 0.06 —
which provides the average initial misalignment between the pair of chromatograms. E o5 T &
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The affine transformation is linear scaling and shearing plus translation: = oo . ' o P2 = 1T o Py
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where (s,,s,) are the scale parameters, (h,,h,) are the shear parameters, and (t,,t,) are the translation 0 001 0.2 0.03 004 005 008 007 0 0.005 0.01 0.015 0.02 0.025 0.03
parameters. This requires at least 3 alignment peak-pairs. The second-degree polynomial adds nitial Average Misalignment (min] nitial Average Misalignment (sec)
three additional terms in each dimension and requires at least 6 peak-pairs:
| | Summary of all results from wine sample alignments. These figures show the minimum testing RMSE reached by each of the methods as a
' ‘ ¢ 3 | f200,y) = (t + sxx + hyy + agxy + bex? + ¢y, ty + hyx + syy + ayxy + byx® + cyy?). function of the initial misalignment. The dashed line is the identity function — where the RMSE reached is the same as the initial misalignment.
H | The third-degree polynomial adds four additional terms in each dimension and requires at least 10 COﬂCl USionS
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* Eaihhac e §.&.L _ ayxy + byx? + ¢, y? + ayx2y + Byxy?® + yyx3 + 8,3). perform that of the local alignment method around 30 alignment points. If working with a smaller
developed by Gros et al. if given a sufficient amount of number of points, it may be preferable to use the
5 The local algorithm guarantees that alignment points (i.e., training set peak-pairs) are perfectly alignment points to optimally fit the functions. Although method from Gros et al. due to its ability to approach
aligned in the final chrqmatogr_am prodgced. _Based on th(_—:‘se a_llgnmc_—:-nt po_mts, dlsplacement_s for the the third-degree polynomial transformation consistently its peak RMSE with fewer than 10 points, though this
CE | rest of the data are estimated in both dimensions. In the first dimension, displacements are linearly o ) K will t b | : ibl ith th lobal
| ‘Ww i | interpolated between alignment points. In the second, displacements are estimated using Sibson reaches the lowest minimum RMSE when optimally Peak Wi no_ € as Iow as IS possible Wi € globa
, | natural-neighbor interpolation, based on Voronoi diagrams. parameterized (around 55 alignment points), the transformations.
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