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(Extension of classical control and estimation techniques for industrial applications)
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Automatic control is one of the significant necessary aspects in modern life and more so in
case of high automation cases. The efficiency of the automatic control system will directly affect
the quantity, quality, cost, condition and the ease of reaching the expected goal. Proportional-
Integral-Derivative (PID) control method, which is one of the common application of the
conventional control theory, has the advantages of simple structure, robustness and adaptability.
Also, the controlled object has no significant impact on the tuning method and result of the
conventional PID method. These make the PID method widely used in industrial control system,
and could meet the required performance in most cases. However, for the multi-input multi-output
systems, PID control could not achieve the expected requirements where each mode are satisfied.
Thus, the experience in system identification is needed for the adjustment of the PID parameters
to make the new PID controller efficient for the control object. In this study, to improve the
control performance in industrial applications, a disturbance observer with state-space technology
Is introduced to the sensor-less viscometer system and a slow-mode-based control method is
proposed for the multi-point temperature control system.
1.Torque-sensorless viscometer

Japan has the highest life expectancy of any country in the world, which means that it is also
moving toward an ageing society. For elderly people, the decline in masticatory function due to
a decrease in self-tooth, muscle strength, etc., and the decline in swallowing function typified by
aspiration and dysphagia not only change the sensation within the oral cavity but also safety
regarding eating. Before, it is limited to staff with physical properties. In the development of
meals, it is important to develop foods with higher palatability, and at the same time highly safety
for infants and elderly people whose mastication and swallowing functions are immature or



reduced. At present, there is a general-purpose viscometer that could measure a wide range of
states, from liquids to semi-solids. However, there is a growing demand for easier, lower-cost,
accurate measurement and management of viscosity characteristics as online information. In this
paper, as an extension of the torque sensor-less viscometer estimation method, it uses a
disturbance observer to estimate the viscosity. Conventional rotary viscometers have a built-in
torque sensor, therefore it is large and the manufacturing cost is high. So instead, this proposed
method will estimate viscosity by using software, so the viscometer can estimate it in real-time
with high accuracy but without using a torque sensor. Furthermore, as an extension of the torque
sensor-less viscometer control method, state estimation including disturbance and integrated state
feedback are introduced. PI control is easily affected by disturbance, therefore the estimation time
of viscosity becomes longer due to the speed change, while the accuracy also deteriorates. In
order to improve on this problem, the estimated disturbance feedback is compensated.
Furthermore, the speed tracking performance is improved by the state-space representation, and
the speed fluctuation is suppressed to improve the viscosity estimation accuracy. The
effectiveness of the proposed method is verified by experiments using standard solutions.

2. Multi-input multi-output temperature controller.

At present, factory production requires cost-saving and labor-saving. Therefore, unmanned and
automated production lines in factories are more cost-effective. Also, with the improvement of
people's quality of life, temperature control technology is used not only in factory production but
also in vehicles, agriculture, hotels, and daily life. Furthermore, temperature control is
indispensable in terms of control points. For example, in the case of glass tempering furnace and
lithium secondary battery manufacturing, if the temperature cannot be uniformly controlled, the
production quality will be affected. Therefore, it is necessary to develop a high-performance
multi-point temperature controller. Here, as an extension of the estimation method of the multi-
point temperature controller, the Smith method is used to estimate the slowest rising mode output
without the dead time in the multipoint temperature control system. The estimated value of that
output is then introduced into the command value of the other mode to reduce the temperature
difference between multiple points to zero. In addition, as control extensions of the development
of the multi-point temperature controller, Smith compensation, non-interference compensation,
feedforward compensation, dead time compensation, and temperature ratio compensation are
introduced. While Pl control causes overshoot due to dead time, the introduction of Smith
compensation improves the response degradation of the transient response caused by it. In a
multi-point temperature control system, there is the influence of interference between modes. By
introducing non-interference compensation, the effect of each interference can be improved.
When the fast mode follows the slow mode, the response speed is insufficient with only PI control.
The feedforward compensation is then introduced to improve the tracking performance of the



control system. However, the rise of the response of each mode varies due to the dead time. Here,
delay compensation is introduced to compensate for variations at the rise of multi-mode response.
Lastly, the actual control target, the temperature reference value of the multi-mode may be
different. In this case, temperature ratio compensation can be introduced to match the response
ratio to the temperature reference value. The effectiveness of the proposed method is verified by
simulation and experiments on a multi-input multi-output system including dead time.



