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The biological processes are each time more important in the productive processes due to its versatility, high production rate in specific products and high value of the generated products. These processes present a complex behavior where several mechanisms are involved to obtain specific products. 

The main goal of this research project is the development of hybrid models for description of the dynamic behavior of biological processes. These models are developed by coupling Artificial Neural Networks (ANN) and deterministic models. ANNs is computer technical that present a mathematical model inspired by the neural structure of intelligent organisms that acquire knowledge through the experience. The hybrid models will be used as mathematical representations of the process, for applications in real time control and optimization and mainly as soft-sensors.

The biological process studied in this work is related with the fermentative ethanol production using the microorganism Saccharomyces cerevisae. The process is represented by a deterministic model, constituted by a system of differential ordinary equations, that is solved by 4th order Runge-Kutta method. This model was validated properly in industrial scale and it is used as data source for studies of the dynamics of the process, development of the models with ANN as well as of the hybrid models. Brazil is the detainer of the most advanced technologies for fermentative ethanol production using sugar cane. The ethanol is considered an alternative fuel with a promising future in this time of ecological preoccupation.

For the construction of the hybrid model (“Gray Box” model) it was accomplished the training of a ANN that predicts the specific speed of growth of the microorganism when supplied the values of the product, cells and substrate concentrations.

After adjustment of the ANN, it is coupled to the deterministic model supplying the dynamic profiles of the variables: S, X and P (for the four reactors), efficiency and productivity.  It was also developed a “Black Box” model of the biological process. This model, based in ANN, supplies the dynamic profile of S(4), X(4) and P(4) during 20h of process. All the models were properly tested and their efficiency were verified.
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