
  
Abstract—In chromatogram analysis, overlapped 

chromatograms are difficult to analyze if they are not resolved. 
Experimental separation procedures are costlier and time 
consuming. Conventional multivariate curve resolution 
techniques have difficulties when the chromatograms are 
severely overlapped. Non-negative Matrix Factorization (NMF) 
is a tool generally used for image processing and data mining. 
The original NMF can also be applied for chemical analysis, 
after imposing some constraints. In this work, modified NMF 
with divergence objective algorithm (NMFdiv) has been 
proposed for the separation of severely overlapped 
chromatograms of acetone and acrolein mixture. The 
experimental chromatograms were obtained using Gas 
Chromatography –Flame Ionization Detector (GC-FID).The 
proposed NMFdiv algorithm effectively separates the 
overlapping chromatograms. Principal Component Analysis 
(PCA) was applied to determine the number of components in 
the mixtures taken. The correlation co-efficient is greater than 
0.99 and resolved signal power is greater than 20dB always. 
The algorithm also effectively separates the simulated 
overlapped chromatograms even though the numbers of 
overlapped components are three or four. The simulated 
results are encouraging even for three and four components 
and the correlation coefficient is greater than 0.9 and resolved 
signal power is greater than 10 dB always. 

 
Index Terms—Modified NMFdiv, Overlapping chromate-

grams, PCA, resolution. 
 

I. INTRODUCTION 
Gas chromatography (or) High Performance Liquid 

Chromatography is generally used for complex chemical 
mixture analysis. In that, there is a possibility to get 
overlapped chromatograms if the chemicals in the mixture 
have closer retention times. The analysis will be difficult if 
the overlaps are not resolved. The experimental separation 
procedures are time consuming and also require costly 
chemicals. Many resolution techniques are available to 
extract information from multivariate data. Evolving Factor 
Analysis (EFA) [1-2], Fixed Size Moving Window 
Evolving Factor Analysis (FSMW-EFA) [3], SIMPLe-to- 
use Interactive Self-modeling Mixture Analysis 
(SIMPLISMA) [4], Multivariate Curve Resolution (MCR) 
[5-7], Iterative Target Transformation Factor Analysis 
(ITTFA)  [8-9] and Heuristic Evolving Latent Projections 
(HELP) [10-11] are some of the important techniques so far 
applied to many fields. All the above methods have their 
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limitations in separation of overlapped chromatograms 
when they are severely overlapped [12]. Many methods 
have been developed further to improve the resolution. 
However, it is still difficult to resolve severely overlapping 
peaks accurately. 

Lee and Seung suggested NMF in 1990.So far, NMF has 
been used for image processing, text data mining, audio 
signal separation, biological signal separation and spectral 
resolution [13-25,27]. The original Lee and Seung’s NMF 
has to be modified for chemical analysis. (i.e.) constraints 
have to be imposed based on the characteristics of chemical 
signal. Hong-Tao Gao  et al.,[20] applied modified NMF for 
the separation of two components chromatogram  in which 
several constraints have been imposed based on sparseness 
and unimodality. 

In this work, modified NMF divergence objective 
algorithm has been proposed for the separation of 
overlapped chromatograms. Acetone and acrolein are the 
chemicals found in the environment naturally and due to 
industrial release. An exposure of these chemicals beyond 
certain value, may lead to harmful effects. Hence the 
existence of these chemicals has to be identified. When the 
above mixture is analyzed using GC- FID, the                   
resulting chromatogram is severely overlapping due to their 
closer retention times. It makes the analysis difficult. Hence, 
modified NMF with divergence objective algorithm 
(NMFdiv) has been applied on those chromatograms to 
resolve them. The proposed algorithm has also been applied 
on simulated two, three and four component chromatograms 
to resolve the overlap.  

 

II. MATERIALS AND METHODS 

A. Experiments 
Instrumental condition: 

Gas chromatography was used with Flame Ionization 
detector. Capillary Column (30 m × 0.25 mm ID, BP5) was 
used with a temperature of 100 º C. The Temperature was 
programmed as  40 º C for  2 min, 5º C/min, 68 º C for 2min, 
10 º C/min, 100 º C for 2min. Injector temperature was kept 
at 150 º c.  Nitrogen was used as a carrier gas at a flow rate 
of 90 ml/min. 
Experimental procedure: 

Acetone and acrolein calibration standards were injected 
into GC-FID separately and chromatograms were obtained. 
The retention time of acetone and acrolein are 1.127 min 
and 1.187 min respectively. Then the acetone and acrolein 
were mixed in 4 different concentrations. The mixture was 
vigorously stirred separately under ice cold condition for 
half an hour and 0.2 µL of these mixtures were injected in 
GC-FID.  
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on the simulated embedded peaks (two components).The 
simulated embedded chromatograms and the resolved 
chromatograms are shown in Fig.2. The resolved 
components were compared with the standard 
chromatograms. The correlation coefficients are 0.9999, 
0.9986 and the resolved signal powers are 37.9929 dB, 
25.4354dB for the first and second components respectively. 
 

 
Fig.1. Simulated severely overlapped chromatogram of two components 
mixture and resolved c.hromatograms obtained using proposed NMFdiv. 
 

 
Fig.2. Simulated embedded chromatogram of two components mixture and 
resolved chromatograms obtained using proposed NMFdiv.  
 
Three and Four component systems: 

The simulated three components system was also tested 
with proposed NMFdiv algorithm. The results are 
encouraging. The correlation coefficient is greater than 0.99 
and the resolved signal power is greater than 20 dB always. 
The NMFmse algorithm was then applied on the simulated 
severely overlapped four component chromatograms. The 
simulated overlapped chromatogram and resolved 
chromatograms using proposed NMFdiv are shown in Fig.3. 
The resolved components were compared with the 
simulated standard chromatograms and the correlation 
coefficients are 0.9452, 0.9997, 0.9993 and  0.9333 for the 
first, second, third and fourth  components respectively. The 
resolved signal powers are 9.6813dB, 32.0223 dB, 28.8040 
dB and 8.9043 dB for the first, second, third and fourth 
components respectively. The proposed NMFdiv was then 
applied on the embedded peak containing four components. 
The simulated embedded chromatogram and the resolved 
chromatograms using NMFdiv are shown in Fig.4. The 

resolved results were compared with the simulated standard 
chromatograms and its correlation coefficients are 0.9854, 
0.9715, 0.9879 and 0.9993 for the first, second, third and  
fourth components respectively. The resolved signal powers 
are 15.9691 dB, 12.4932 dB, 16.4645 dB and 28.4323 dB 
for the first, second, third and fourth components 
respectively.  

Even though the degree of overlapping is very high, 
proposed NMFdiv algorithm resolves the overlap efficiently 
with a correlation coefficient greater than 0.93 and resolved 
signal power greater than 8dB.The chromatographic 
situation of the cases taken will be difficult for an analyst to 
get a reasonable resolution. But the solutions of proposed 
NMFdiv    are reasonable and  acceptable. If the W matrix 
was randomly initialized, the algorithm converges to a 
stationary point for most of the  runs in two, three and four 
components (severely overlapped) chromatogram. But, for 
the complex chromatograms (i.e., four components 
embedded and more components chromatograms), the 
algorithm converges to a stationary point only for few runs. 
But all the above said results were in a narrow feasible 
region that is reasonable and acceptable. 
 

 
Fig.3. Simulated severely overlapped chromatogram of four components 
mixture and resolved chromatograms obtained using proposed NMFdiv.  
 

 
Fig.4. Simulated embedded chromatogram of four components mixture and 
resolved chromatograms obtained using proposed NMFdiv 
 

B. Real GC–FID experimental data 
The overlapping chromatograms were obtained by GC-

FID for acetone and acrolein mixtures. The experiments 
were conducted under condition mentioned in Section 2.1. 
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Chromatograms obtained are shown in fig.5 and fig.6. It can 
be analyzed qualitatively with the help of standard 
chromatograms. But, the obtained chromatograms are 
overlapping due to almost similar retention times of acetone 
and acrolein (i.e., 1.127 min and 1.187min 
respectively).Hence, during peak identification, only one 
peak has been identified instead of two in the overlapped 
region. If these overlapped peaks were not resolved, the 
chromatograms of mixtures obtained could not get a good 
match with that of a pure component in the database. Hence, 
proposed NMFdiv algorithm was applied on the 
chromatograms obtained to resolve acetone and acrolein. 
Before applying NMFdiv, the number of components k in 
the data A was determined using PCA, which identified two 
components. The standard chromatograms of acetone and 
acrolein, overlapped chromatogram of acetone and acrolein 
mixture and the resolved chromatograms are shown in Fig.7. 

The correlation coefficients were obtained by comparing 
the resolved results with the standard chromatograms and 
those coefficients are 0.9967 and 0.9994 for acetone and 
acrolein respectively. The resolved signal powers for the 
resolved acetone and acrolein are 22.9044 dB and 30.1120 
dB respectively. The algorithm works well with random 
initial matrices of W and H.  The resolving power of 
proposed NMFdiv was  tested with different size of A 
matrix by varying n. Initially, the algorithm was tested only 
with 2 experiments. i.e., n was taken as 2. The result shows 
that there was reliable resolution even with 2 datasets.  

 

 
Fig.5. Real experimental severely overlapped chromatogram of acetone 
and acrolein  mixture of 2 µl acrolein and 8 µl acetone . Experimental 
condition: Gas chromatography-Flame Ionization Detector; Carrier gas: 
Nitrogen (90ml/min); Detector temperature: 150º C; Retention time of 
acetone 1.127min; Retention time of acrolein 1.187min. 
 

 
Fig.6a. Real experimental chromatogram of acetone standard. 
Experimental condition: Gas chromatography-Flame Ionization Detector; 
Carrier gas: Nitrogen (90ml/min); Detector temperature: 150º C; Retention 
time of acetone 1.127min. 

 
Fig.6b. Real experimental chromatogram  of acrolein standard. 
Experimental condition: Gas chromatography-Flame Ionization Detector; 
Carrier gas: Nitrogen (90ml/min); Detector temperature: 150º C; Retention 
time of acrolein 1.187 min. 
 

 
Fig.7. Experimental severely overlapped chromatogram of acetone and 
acrolein mixture and resolved chromatograms using proposed NMFdiv 
(applied on 4 dataset). Experimental condition: Gas chromatography-Flame 
Ionization Detector; Carrier gas: Nitrogen (90ml/min); Detector 
temperature: 150º C; Retention time of acetone 1.127min; Retention time 
of acrolein 1.187 min. Standards used to prepare a mixture are also given at 
the top. 

    
The proposed NMFdiv algorithm for chromatographic 

resolution is effective. The correlation coefficient is greater 
than 0.99 and resolved signal power is greater than 20 dB. 
When chromatographic profiles of two compounds mixture 
of similar peak-height and almost of the same retention time 
are analysed, it is quite a troublesome issue for analysts. But 
the solutions of proposed algorithm  are reasonable and 
acceptable.Fig.8 shows the minimization of objective 
function Vs number of iterations for proposed NMFdiv. It 
shows that the objective function has come to a minimum 
error in less than 40 iterations. For proposed NMFdiv, 
additional constraint was imposed to deal with zero values 
in A and W matrices. 

 

IV. CONCLUSION 
In this paper, proposed NMFdiv algorithm was applied to 

resolve the overlapped chromatograms. The algorithm was 
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tested on simulated data of two, three and four component 
systems of severely overlapped as well as embedded peaks 
and the results are encouraging. The algorithm was also 
applied on real experimental overlapped chromatograms of 
acetone and acrolein mixtures and it is proved that it 
resolves overlapping chromatograms efficiently. The 
efficiency is checked from the correlation coefficient of the 
resolved result with the standard which is always greater 
than 0.9 and the resolved signal power which is always 
greater than 8 dB. Principal Component Analysis (PCA) 
was applied to determine the number of components in the 
mixtures taken. 

 

 
Fig.8. Objective function Vs number of iterations for proposed NMFdiv 
implementation. 
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