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Abstract- This paper presents a study about the possibility of the prediction of constituent concentration in a two-
component (salicylic acid and caffeine) mixture by using neural network (NN). It is an important step for developing a
smart SMB automatic control mechanism with the precision control ability. From the experimental results shown, it is
conformed that the individual constituent concentration indeed can be accurately predicted via the absorbance of
ultraviolet (UV) light at different wavelengths by using the well-trained neural network model.
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I. INTRODUCTION
Chromatography is a method which can separate the components of a mixture based on the different characteristics
of components. It has been widely applied into the chemical and biomedical industries. Chromatography has become
a most important technique in the biomedical and pharmaceutical industries. Fig. 1 shows the diagram of
chromatographic separation process [1-2].

In recent years, SMB has become the most advanced technology in the chromatographic separation process due to
its continuous feeding ability. The advantages of multi-column SMB technology includes that not only the
productivity can be increased, the consumption of solvent and water can also be decreased. Thus, SMB has been
recognized as the cleanest manufacturing technology in the biomedical and pharmaceutical industries. Fig. 1 is the
example of SMB operation [3].

Due to the complexity of SMB, the precision control of SMB is always a problem in its practical using. Even many
researchers in this area have done lots of works on it, but still have no good results [4-10]. So far, there is no
commercial SMB automatic control software can be found in the market. Only some simple and self-developed
control software for the specific components’ separation were developed by a few users.
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Figure 1. The example of SMB operation.
Thus, this research aims to develop an intelligent control mechanism of SMB. The possibility of the prediction of
constituent concentration in a two-component (salicylic acid and caffeine) mixture by using NN is studied firstly. If

the prediction could be done well, then such a well-trained NN can be used to develop the intelligent control
mechanism of SMB we desired.
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This intelligent control mechanism is expected to have the self-learning and adaptive abilities. It will enable the
SMB’s control could be operated at the best condition in any time. Not only the productivity can be increased, the
production cost can also be reduced.

I1. SMB MODEL
In fact, the traditional SMB dynamic mathematical model is deduced by using TMB model. Here, we give an
overview of SMB dynamic model [11-12]. For TMB, the mass balance of bulk phase is:
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Where, i is the i" component of mixing, j is the j™ segments, x is the moving direction and distance, ki is a
comprehensive mass transfer constant, v is the velocity of body in the section j, ugis solid flow rate, o is the
fluid phase concentration of component i in section j, q is the solid phase concentration of component i in section
j. q*i’j is the solid phase concentration at equilibrium between solid phase and liquid phase in component i in section
j- In SMB system, there may be more than one adsorption bed in each section, and the region will be changed with
the node switching. So redefining adsorption bed Kk, Vj* is the flow rate of fluid in bed j, Qj* is the volume flow rate
in bed j. Therefore, TMB and SMB can be converted to each other as follows:
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1. NEURAL NETWORK MODEL

The NN structure commonly known as multi-layered feed-forward net is used in this study. A three-layered feed-
forward NN architecture as shown in Fig. 2 is the selected topology. Each layer is connected to a layer above it in a
feed-forward manner, no feed-back from the same layer or a layer above. The learning process to be utilized is
“Back-propagation” (BP) algorithm. The major steps of BP learning algorithm are summarized as follows: [13-15].
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Figure 2. A Three-Layered Feed-Forward Neural Network.
IV. EXPERIMENTS
In our study, the prediction of solute concentration in a two-component (salicylic acid and caffeine) mixture by

using NN is experimented. In our experiment, the UV light with different wavelengths is used to irradiate the
mixture which combines with different concentrations of salicylic acid and caffeine. All mixtures in SMB columns
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have the fixed flow rate. The reactive absorbances of UV light are different to these mixtures. Fig. 3 and Fig. 4 are
the examples of UV light intensities of four different concentrations of salicylic acid (A) and caffeine (B),
respectively.
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Figure 4. The UV intensities for four different concentrations of caffeine (B).

In this experiment, 64 solutions with different salicylic acid and caffeine concentrations are made. Let all solutions
flow through three columns of SMB system and then collect 64 data sets of UV absorbance. In order to ensure the
correctness of the experiment we did, the original data are reorganized randomly to generate two data sets, i.e.
Group-1 and Group-2. For each group, 42 data are used as training of NN and the rest of 22 data are used as test.
The size of NN is 114-250-1. The 114 inputs are all UV light absorbances. The mean absolute percentage error
(MAPE) is used to be the experimental measurement. Table 1 shows the MAPEs of concentration predictions of
salicylic acid and caffeine.

Table 1. : The MAPEs of concentration predictions of salicylic acid and caffeine.

Salicylic acid Caffeine
Training Test Training Test
(MAPE) (MAPE) (MAPE) (MAPE)
Group-1 1.18% 1.87% 0.98% 1.70%
Group-2 1.41% 2.01% 1.27% 1.73%

Here, some examples of performances given by NN are shown as follows. Fig. 5(a) and Fig. 5(b) are the
superposition diagrams of salicylic acid and caffeine concentrations performed by NN for Group-1. Fig. 6(a) and Fig.
6(b) are the superposition diagrams of salicylic acid and caffeine concentrations performed by NN for Group-2.
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Figure 5. The predictions of salicylic acid and caffeine concentrations performed by NN for Group-1. (Solid line:
Desired value. Dot line: Predicted value.)
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Figure 6. The predictions of salicylic acid and caffeine concentrations performed by NN for Group-2.
(Solid line: Desired value. Dot line: Predicted value.)

V. CONCLUSION
This paper presents a study about the prediction of constituent concentration in a two-component mixture by using
NN technique. The experimental results show that the individual constituent concentration indeed can be accurately
predicted via the absorbance of UV light by the well-trained NN model. It means the instant separation process and
operation state of SMB can be precisely predicted. This result gives a great encouragement for the study of SMB
precision control in the future.
VI. ACKNOWLEDGMENT
This research was supported by the Ministry of Science and Technology, Taiwan, R.O.C. under Contract No.
MOST-107-2221-E-214-029.

VIl. REFERENCES

[1] http://www.ch.ntu.edu.tw/~genchem99/doc/97_C27_chromatography_web.pdf.

[2] www.slvs.tc.edu.tw/125/20120919020319.ppt.

[3] http://www.asia-giant.com.tw/tw_technologr_b03.html.

[4] M. Alamir, F. Ibrahim, and J.P. Corriou, “A flexible nonlinear model predictive control scheme for quality/performance handling in
nonlinear SMB chromatography”, Journal of Process Control, Vol. 16, No. 4, pp. 333-344, 2006.

[5] G. Erdem, S. Abel, M. Morari, M. Mazzotti, M. Morbidelli, and J. H. Lee, “Automatic control of simulated moving beds”, Industrial &
Engineering Chemistry Research, Vol.43, No. 2, pp. 405421, 2004.

[6] L H. Song, S. B. Lee, H. K Rhee, and M. Mazzotti. “Identification and predictive control of a simulated moving bed process: Purity
control”, Chemical Engineering Science, Vol. 61, No. 6, pp. 1973-1986, 2006.

[7] Girish Sharma, S.V. Vignesh, K. Hariprasad, Sharad Bhartiya, “Control-relevant multiple linear modeling of simulated moving bed
chromatography”, IFAC-Papers, 48-8, pp. 477-482, 2015.

[8] M. Bijan, M. K. Kazi, and A. Mohammad, “Experimental implementation of optimal control of an improved single-column
chromatographic process for the separation of enantiomers”, Ind. Eng. Chem. Res., Vol. 54, No. 25, pp 6527-6539, 2015.

[9]1 P. Suvarov, A. Kienle, C. Nobre, G. De Weireld and A. Vande Wouwer, “Cycle to cycle adaptive control of simulated moving bed
chromatographic separation processes”, J. Proc. Contr. Vol. 24, pp. 357-367, 2014.

Volume 10 Issue 3 April 2019 028 ISSN: 2319-6319



International Journal of New Innovations in Engineering and Technology

[10] A. S. Andrade Neto, A. R. Secchi, M. B. Souza, A. G. Barreto, “Nonlinear model predictive control applied to the separation of
praziquantel in simulated moving bed chromatography”, Journal of Chromatography A, pp. 42-49, 2016.

[11] M. T. Liang, R .C. Liang, L. R. Huang, K. Y. Liang, Y. L. Chien, J. Y. Liao, “Supercritical fluids as the desorbent for simulated moving bed
— Application to the concentration of triterpenoids from Taiwanofugus camphorate”, Journal of the Taiwan Institute of Chemical Engineers,
Vol. 45, pp.1225-1232, 2014

[12] M. T. Liang, R. C. Liang, L. R. Huang, P. H. Hsu, Y. H. Wu, H. E. Yen, “Separation of sesamin and sesamolin by a supercritical fluid-
simulated moving bed”, American Journal of Analytical Chemistry, Vol. 3, pp.931-938, 2012.

[13] D. E. Rumelhart, G. E. Hinton and R. J. Williams, “Learning internal representations by error propagation”, Parallel Distributed
Processing, Vol. 1, MIT Press, 1986.

[14] A. Khotanzad, R. C. Hwang, A. Abaye, and D. Maratukulam, “An adaptive modular artificial neural network: Hourly load forecaster and its
implementation at electric utilities”, IEEE Trans. on Power Systems, Vol. 10, No. 3, pp. 1716-1722, 1995.

[15] P. H. Weng, Y. J. Chen, S. M. T. Wang, R. C. Hwang, "The predictions of optoelectronic attributes of LED by neural network", Expert
Systems With Applications, Vol. 37, No. 9, pp. 6282-6286, 2010.

Volume 10 Issue 3 April 2019 029 ISSN: 2319-6319



