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Robust Heat Capacity Estimation for Unstable Initial State

Arata SUZUKT* and Kenji SUGIMOTO**

This paper proposes a method for the estimation of heat capacities by using the response to ON-OFF control
as a feature quantity. The ON-OFF control is based on a single threshold irrespective of the heat capacity to
be estimated. Then the response changes with the heat capacity, but the estimation is difficult only from the
response, because the initial state is not stable. The proposed method collects multiple response changes as a fea-
ture quantify and improves the precision of estimation via weighted average where feature quantifies with higher
reproducibility are more weighted. The effectiveness of the proposed method is verified through experiment with

a cooking household appliance.

Key Words: ON-OFF control, system estimation, heat capacity, T-method (Mahalanobis-Taguchi system),

temperature measurement
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Fig.2 (Upper) Image of ON-OFF Control vs Sensor Output
and (Lower) Heat Flux in the Cross Section
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Fig.3 Characteristic Data
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Fig.4 Flow Chart of Proposed Method
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Table 1 Original Characteristic Data for Calculating SNR
(C. D. stands for Characteristic Data)

Cc.D.1|C.D.2|---|C.D. 7
lcup 1 xlq1 xli2 xli7
lcup 2 xloq xlo2 cen xlo7
lcup 3 xl31 x132 cee xl37
3cup 1 311 x312 ces 317
3cup 2 321 x322 cee x327
3cup 3 331 x332 cee 337
Scup 1 511 x512 cee 517
5cup 2 5o 5922 ces xHor
5cup 3 531 532 cee 537

Table 2 L9 Orthogonal Array

A|/B|C|D
Li|1]1 1
Lo 1]2]2]2
Lz3|1]3]3]3
Ly 2|1]2]3
Ls| 2231
Le| 23|12
L7z 3|1]3]2
Lg||3|2|1]3
Ly 3321
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Table 3 Experimental Result of Characteristic Data and

Slope’s Variance (v) (C. D. stands for Character-
istic Data)

1 [cup] | 3 [cup] | 5 [cup] v
5 5 8 18.0
0.643 | 0.261 | 0.463 12.7
0.200 | 0.179 | 0.204 | 270.9
0.398 | 0.235 | 0.198 7.7
0.150 | 0.118 | 0.150 | 701.9
0.532 | 0.351 | 0.237 4.0
0.088 | 0.087 | 0.156 9.6
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N OO W N~

Table 4 Signal to Noise Ratio (n) and Regression Line’s

Slope (3)
SNR | 8
C.D. 1] 7.505 | 0.867
C.D. 2 0.113 |-0.059
C.D. 4| 1.866 |-0.053
C.D. 6 | 26.749 | -0.079
C.D.7[ 0939 | 0.017
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Fig.6 Comparison between Regression Line and Character-
istic Data (C. D. stands for Characteristic Data)
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Table 5 Experimental Result of Cooking Load (cup)
Estimation

5[0](15[0] |25 (0]
T[cup] | 1.21 | 0.94 | 0.66
2 [cup] | 2.24 — 2.10
3 [cup] | 3.17 | 3.03 | 2.92
4 [cup] | 3.96 — 4.08
5 [cup] | 5.20 | 4.90 | 4.98
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