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Fig. 1. Schematic of the present problem along with the Fuzzy-PID controller block diagram.
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Fig. 2. Input and output membership functions of Fuzzy-PID controller.
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Table 2. Thermal properties [1]
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Table 3. The ranges of control gains for three different Fuzzy-PID controllers
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Fig. 3. Estimated heat flux. a) Effect of Control parameters, b) Effect of Filter cutoff frequency
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Table 4. Error analysis of heat flux estimation of the proposed method by three Fuzzy-PID controllers
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Table 5. Heat flux estimation error analysis of the proposed method with different filter cutoff frequencies
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Fig. 4. Estimated heat flux using the proposed method, with non-noise and noisy data measured on active and inactive sur-

faces
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Table 6. Error analysis of heat flux estimation by changing thermocouple position and heat flux shape
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Fig. 5. Estimated step form heat flux using the proposed

method using non-noise and noisy temperature signals
measured at the inactive surface
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posed method using non-noise and noisy temperature sig-
nals measured at the inactive surface
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Fig. 7. Investigating the effect of noise level at temperature signals measured at active surface on heat flux estimation
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Fig. 8. Investigating the effect of noise level at temperature signals measured at inactive surface on heat flux estimation
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Table 7. Error analysis of heat flux estimation by varying the noise level at measured temperatures
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Fig. 9. Comparison of proposed method and Tikhonov method in estimation of constant and step form heat flux at inactive
surface
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Table 8. Error analysis of heat flux estimation using zero-order Tikhono method with o = 0.01
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