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With the fast development of science and technology, industrial processes such as thermal process,
manufacturing process, production process and so on are becoming more and more important, and
have higher requirement for the operation performance. Thermal processing system, as one of the
most complex processes, has a wide range of applications in the industrial field especially in the food
process. For the multi-point (multi-input multi-output) thermal processing systems, temperature
control is playing a more and more important role in its application. The proportional-integral-
derivative (PID) control technologies have been widely used for most of the industrial processes.
However, due to the nonlinearity and large dead time of the temperature control objects, the
performance of PID-only control system may not satisfy the expected requirements. Also, the
coupling influence and dead time difference in the multi-point temperature system have a significant
effect to the transient response of each point.

Two advanced control methods are proposed in this thesis to deal with the two shortcomings
mentioned above, respectively. For the coupling influence and dead time difference in the multi-point
temperature control system, a pole-zero cancellation method is proposed. While for the nonlinearity
and large dead time of the control objects, a reference-model-based artificial neural network (NN)
method is proposed.

1) Pole-zero cancellation method for multi-point temperature control system

The proposed method is one kind of the model-based advanced control method. In order to realize
the model-based advanced control, the system identification method was performed to obtain the
plant model of the control object. The detailed introduction of the system identification method for
first order plus time delay (FOPTD) system has been presented. Based on the identified plant model,
the multi-input multi-output (MIMO) PI control system was designed as such. Due to the strong
coupling effect of the controlled object, the decoupling compensation was added into the MIMO PI
control system. The experiments for the MIMO PI control system with and without decoupling
compensation were then carried out. Upon these foundations, the pole-zero cancellation method has

been proposed for the MIMO temperature control system to ensure proper transient response and to



provide more closely controlled temperatures. In the proposed method, the temperature difference
and transient response of all points can be controlled by considering the delay time difference and
coupling term together with matrix gain compensation, and by investigating the pole-zero
cancellation with feedforward reference model to the control loop. The simulations were carried out
in the MATLAB/SIMULINK environment, and the experiments were performed based on the DSP
controlled system platform. The effectiveness of the proposed pole-zero cancellation method was
evaluated by comparing the results to those of a well-tuned conventional PI control system and PI
plus decoupling compensation system.

2) Reference-model-based Artificial NN control method for temperature control system

In this method, a reference-model-based artificial neural network (NN) control method has been
proposed for the temperature control system. Several types of neural network structure and activation
function are investigated, and the multi-layer NN structure is chosen with the ReLU function as its
activation function. The control system is driven by using the error signal between system output and
reference model output as the teaching signal of the NN controller. The proposed method is a
reference-model-based NN system combined with I-PD control structure. The reference model and
[-PD parameters are designed based on the FOPTD system. The simulation was carried out in
MATLAB/SIMULINK environment to evaluate the control performance of the proposed method by
comparing with the conventional feedback error learning NN control system. The effectiveness of the
proposed method has been evaluated by focusing on the overshoot and transient response of the
controlled system. As a result, the robustness of the proposed reference model-based NN control
method for the plant perturbation and disturbance has been successfully verified. In addition, the
recurrent type NN structure was then introduced to the control system, and simulations were carried
out to compare with the feedforward type NN control system. Finally, the experiments of the proposed
control method have been carried out on a DSP-based temperature system platform. The results are

quantitatively evaluated by taking the transient response into account.
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