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Abstract: In contrast to classification using PCA method, a new methodology is proposed for type 
identification of unknown thermocouple. The new methodology is based on calculating the degree of 
similarity between two multivariate datasets using two types of similarity factors. One similarity factor 
is based on principle component analysis and the angles between the principle component subspaces 
while the other is based on the Mahalanobis distance between the datasets. Datasets containing 
thermo-emfs against given temperature ranges are formed for each type of thermocouple  
(e.g. J, K, S, T, R, E, B and N type ) by experimentation are considered as reference datasets. Datasets 
corresponding to unknown type are captured. Similarity factor between the datasets one of which 
being the unknown type and the other being each known type are compared. When maximum 
similarity factor occurs, then the class of unknown type is allocated to that of known type.  
Copyright © 2011 IFSA. 
 
Keywords: PCA based similarity, Distance based similarity, Similarity Factor 
 
 
 
1. Introduction 
 
The classification of thermocouple sensor is required for various purposes such as operating 
temperature range selection in process control and measurement, sensitivity of temperature 
measurement and response time of measurement. The conventional method is to perform 
thermocouple calibration process with the help of calibrator, which is a time consuming task. The 
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classification is based on the material composition of thermocouple and is designated by the type letter 
(e.g. J, K, R, B etc.). A Novel method may be devised for type identification of a given thermocouple, 
whose type is unknown. The thermo e.m.f.s of all standard types of thermocouple for selected 
temperature ranges are collected from standard thermocouple database. Thermo e.m.f. dataset actually 
represent the typical features of different types of thermocouple, which can be best observed by its 
corresponding thermo e.m.f. vs. temperature plot. Pattern matching has often been applied to classify 
these datasets with similar features. Similarity measures emphasizing difference between statistical 
properties between the datasets. These measures are defined by making use of norms or weighted 
norms of Fourier or wavelet transformed data. Kundu and Sarkar used probabilistic neural networks 
and PCA for identification of unknown thermocouple [1, 2]. Several methods of finding the similarity 
have been reported in the literature. These are i) PCA based similarity as proposed by Krzanowski,  
ii) weighted PCA –similarity and, iii) Distance based similarity as proposed by Singhal and Seborg [3]. 
Kano introduced a dissimilarity measure based on eigen-decomposition of data sets, which is very 
effective for finding the variance/covariance changes from two data sets [4]. Huang et al. used 
parameter similarity measures for multiple multiplicative fault diagnosis of dynamic processes [5]. In 
the present work, several combined similarity measures (e.g. linear combination of indices) to a single 
similarity factor because most of the aforesaid similarity measures are scaled to range from zero to 
unity. 
 
 
2. Similarity Factor 
 
Similarity factors can be used to access the degree of similarity between two multivariate datasets, one 
of which is the data set of interest and the other is the template data set. Normally PCA is used to 
discriminate among two or several multivariate datasets. In PCA, the multivariate datasets are 
transformed into reduced dimension space. The orthonormal projecting matrix consists of loading 
vectors. These principle loading vectors stand for the most important directions of variability of the 
data. Mathematically, PCA can be expressed by the following equations. 

 
 ETPX T   (1)

 
 ),....,()( 21 ndiagTCov  , (2)

 
where X  and T  are the matrices of the original and the transformed variables respectively, P is the 
corresponding loading matrix, Λ is a diagonal and semi-positive-definite matrix, which is the 
estimated covariance matrix of the variables in the transformed space. Usually, only n PCs are selected 
to represent the variability of the original data set. 
 
 
2.1. PCA Based Similarity Measures

  
Krzanowski first introduced the idea of PCA based similarity measure for assessing the similarity 
between two data sets 21 , XX  .They contain the same number of variables but not the same no. of 
observations. It has been assumed that in each data set k; PCs which describes at least 95% of the total 
variance is selected. Consequently, the corresponding loading matrices span the reduced spaces of the 
two original data sets. PCA based similarity measure is calculated from the squared cosine values of 
angles between the loadings, that is, 
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where k is the number of selected PCs in both data sets, ij is the angle between the ith PC of 1X  and 

the jth PC of 2X . The value of k can be chosen such that they describe at least 95% variance in each 
dataset. Since the amount of variance described by each of the k PCs varies significantly. SPCA weights 
all the PCs equally and it may not capture the degree of similarity between the datasets when only one 
or two PCs explain most of the variance. A modified PCA similarity as introduced by Singhal and 
Seborg [3] weights for each PC by its explained variance. The Modified PCA similarity is defines as, 
 
 

,

)(
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where )2()1( , ii   are the ith eigenvalues of the 1st and 2nd datasets respectively. 

 
 
2.2. Distance –Based Similarity Measures 
 
The distance similarity measure compares two data sets that may have similar spatial orientation but 
are located far apart. This similarity measure is particularly useful when two datasets have similar 
principle components but the values of the variables may be different due to different operating 
conditions. The distance similarity measure can be used to distinguish between these cases. The 
distance similarity measure is expressed as: 
 
 

dzedzeS
zz
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where TXXXX )()( 12

1*

112 
 , 1X  and 2X  are sample mean row vectors and 

1*

1

  is the 

pseudo-inverse of 1X  calculated using singular value decomposition. K-singular values used to 
calculate the pseudo-inverse such that k PCs describes at least 95% of the variance in each dataset. The 
dataset 1X  is assumed to be the reference data set. 
 
 
2.3. Combination of Similarity Measures 
 
When more than one similarity factor is used to calculate the similarity between datasets, a key issue is 
to decide how the similarity factors should be combined to produce a single measure of the degree of 

similarity. It is convenient to combine 
PCAS  and distS  into a single similarity factor, SF, using a 

weighted average of the two quantities 
 
 

distPCA SSSF 21     (6)

 
where 121   
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The weighted average SF can be used as a similarity measure between datasets and is also used for 
clustering. It is up to the user to choose the weighting factors i , to give relative importance of each 

similarity for given application. Good pattern matching can be obtained for a wide range of i .
  

 
3. Measurement & Data Analysis 
 
3.1. Case Studies 
 
The experiments are performed taking eight types of standard thermocouples (e.g. J, K, S, T, R, N, E 
and B types). The plot (thermo e.m.f. vs. temperature) for all standard thermocouples is shown in  
Fig. 1.Using thermocouple calibrator, the temperature are varied in the range 0 to 4000 C in intervals of 
10 C. Thermo e.m.f is measured for each type within this range. For each type three runs are repeated. 
For each type of thermocouple (e.g. J, K, R, T etc.) observations consisting of thermo e.m.f vs. 
temperature are taken three times within the temperature range 0 to +4000 C. Thus the individual 
datasets for each type are formed as 821 ......, XXX . The dimensions of each dataset are 410×3 as shown 

in Tables 2(a), 2(b) and 2(c). The thermo e.m.f. for all types is corrected to 00 C using cold junction 
temperature compensation. Also test data are formed by taking the observation from any one from 

821 ......, XXX  at a time. While forming the test data set only two subsamples are taken randomly. Thus 

the dimension of the test data becomes 2401 . The no of test datasets is 8 as because each type of 
thermocouple is considered. PCA-based similarity and distance based similarity between the test data 
set and each known data set are calculated. Similarity factor using the formula (equation 6) is also 
calculated. 
 
 

Table 1. Thermocouple Types. 
 

Type Composition Temp. Range( ◦C ) 
B Pt-30% Rh vs. Pt-6% , Rh 0 to 1820 
E Ni-Cr Alloy vs. Cu-Ni alloy -270 to 1000 
J Fe vs. Cu-Ni alloy -210 to 1200 
K Ni-Cr alloy vs. Ni-Al alloy -270 to 1372 
N Ni-Cr-Si alloy vs. Ni-Si-Mg alloy -270 to 1300 
R Pt-13% , Rh vs. Pt -50 to 1768 
S Pt-10% , Rh vs. Pt -50 to 1768 
T Cu vs. Cu-Ni alloy -270 to 400 

 
 
4. Results 
 
The normalized data sets corresponding to each standard thermocouple has the dimension of 3401 . 
Thus dataset for each type consists of three populations, each having 401 observations. The test dataset 
for each unknown type of thermocouple are formed taking two populations out of three randomly. 
Thus the test data set has the dimension 2401 . PCA based similarity, distance based and the 
combined similarity factor are computed between each test sample and the all standard samples. PCA 
based, distance based and combined similarity factors among the different known types and unknown 
types are tabulated in Tables 3(a), 3(b) and 3(c), respectively. It can be seen that when match occurs 
between the test data set and data set of known type, the similarity factor reaches at maximum value 
close to unity. The unknown types are classified into one of the eight known types according the 
maximum value of similarity factors as determined. However, in contrast, when classifying the test 
dataset using distance parameter, the distance becomes minimum between the two data sets. 
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Fig. 1. Thermo e.m.f. vs. temperature plot of all types of thermocouple. 
 
 

 
Table 2 (a). Thermocouple Data Base. 

 
Thermo E. M. F. (mv) Temp 

(◦C). X1 (J Type) X2 ( K Type) X3 (R Type ) 
0 0.00E+00 2.50E-02 -2.50E-02 0.00E+00 2.50E-02 -2.50E-02 0.00E+00 2.50E-02 -2.50E-02 
1 5.00E-02 7.50E-02 2.50E-02 3.90E-02 6.40E-02 1.40E-02 5.00E-03 3.00E-02 -2.00E-02 
2 1.01E-01 1.26E-01 7.60E-02 7.90E-02 1.04E-01 5.40E-02 1.10E-02 3.60E-02 -1.40E-02 
3 1.51E-01 1.76E-01 1.26E-01 1.19E-01 1.44E-01 9.40E-02 1.60E-02 4.10E-02 -9.00E-03 
4 2.02E-01 2.27E-01 1.77E-01 1.58E-01 1.83E-01 1.33E-01 2.10E-02 4.60E-02 -4.00E-03 
5 2.53E-01 2.78E-01 2.28E-01 1.98E-01 2.23E-01 1.73E-01 2.70E-02 5.20E-02 2.00E-03 
6 3.03E-01 3.28E-01 2.78E-01 2.38E-01 2.63E-01 2.13E-01 3.20E-02 5.70E-02 7.00E-03 
7 3.54E-01 3.79E-01 3.29E-01 2.77E-01 3.02E-01 2.52E-01 3.80E-02 6.30E-02 1.30E-02 
8 4.05E-01 4.30E-01 3.80E-01 3.17E-01 3.42E-01 2.92E-01 4.30E-02 6.80E-02 1.80E-02 
 --------- --------- --------- --------- --------- --------- --------- --------- --------- 
 --------- --------- --------- --------- --------- --------- --------- --------- --------- 

390 2.13E+01 2.13E+01 2.13E+01 1.60E+01 1.60E+01 1.60E+01 3.30E+00 3.33E+00 3.28E+00 
391 2.14E+01 2.14E+01 2.13E+01 1.60E+01 1.60E+01 1.60E+01 3.32E+00 3.34E+00 3.29E+00 
392 2.14E+01 2.14E+01 2.14E+01 1.61E+01 1.61E+01 1.60E+01 3.33E+00 3.35E+00 3.30E+00 
393 2.15E+01 2.15E+01 2.14E+01 1.61E+01 1.61E+01 1.61E+01 3.34E+00 3.36E+00 3.31E+00 
394 2.15E+01 2.15E+01 2.15E+01 1.61E+01 1.62E+01 1.61E+01 3.35E+00 3.37E+00 3.32E+00 
395 2.16E+01 2.16E+01 2.15E+01 1.62E+01 1.62E+01 1.62E+01 3.36E+00 3.38E+00 3.33E+00 
396 2.16E+01 2.17E+01 2.16E+01 1.62E+01 1.63E+01 1.62E+01 3.37E+00 3.39E+00 3.34E+00 
397 2.17E+01 2.17E+01 2.17E+01 1.63E+01 1.63E+01 1.62E+01 3.38E+00 3.40E+00 3.35E+00 
398 2.17E+01 2.18E+01 2.17E+01 1.63E+01 1.63E+01 1.63E+01 3.39E+00 3.41E+00 3.36E+00 
399 2.18E+01 2.18E+01 2.18E+01 1.64E+01 1.64E+01 1.63E+01 3.40E+00 3.42E+00 3.37E+00 
400 2.18E+01 2.19E+01 2.18E+01 1.64E+01 1.64E+01 1.64E+01 3.41E+00 3.43E+00 3.38E+00 
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Table 2 (b). Thermocouple Data Base. 
 

Thermo E. M. F. (mv) Temp 
(◦C). X4 (T Type) X5 (S Type) X6 (N Type) 

0 0.00E+00 2.50E-02 -2.50E-02 0.00E+00 2.50E-01 -2.50E-01 0.00E+00 2.50E-01 -2.50E-01 
1 3.90E-02 6.40E-02 1.40E-02 5.00E-03 2.55E-01 -2.45E-01 2.60E-02 2.76E-01 -2.24E-01 
2 7.80E-02 1.03E-01 5.30E-02 1.10E-02 2.61E-01 -2.39E-01 5.20E-02 3.02E-01 -1.98E-01 
3 1.17E-01 1.42E-01 9.20E-02 1.60E-02 2.66E-01 -2.34E-01 7.80E-02 3.28E-01 -1.72E-01 
4 1.56E-01 1.81E-01 1.31E-01 2.20E-02 2.72E-01 -2.28E-01 1.04E-01 3.54E-01 -1.46E-01 
5 1.95E-01 2.20E-01 1.70E-01 2.70E-02 2.77E-01 -2.23E-01 1.30E-01 3.80E-01 -1.20E-01 
6 2.34E-01 2.59E-01 2.09E-01 3.30E-02 2.83E-01 -2.17E-01 1.56E-01 4.06E-01 -9.40E-02 
7 2.73E-01 2.98E-01 2.48E-01 3.80E-02 2.88E-01 -2.12E-01 1.82E-01 4.32E-01 -6.80E-02 
8 3.12E-01 3.37E-01 2.87E-01 4.40E-02 2.94E-01 -2.06E-01 2.08E-01 4.58E-01 -4.20E-02 
--- --------- --------- --------- --------- --------- --------- --------- --------- --------- 
---- --------- --------- --------- --------- --------- --------- --------- --------- --------- 
390 2.03E+01 2.03E+01 2.02E+01 3.16E+00 3.41E+00 2.91E+00 1.26E+01 1.29E+01 1.24E+01 
391 2.03E+01 2.03E+01 2.03E+01 3.17E+00 3.42E+00 2.92E+00 1.26E+01 1.29E+01 1.24E+01 
392 2.04E+01 2.04E+01 2.04E+01 3.18E+00 3.43E+00 2.93E+00 1.27E+01 1.29E+01 1.24E+01 
393 2.04E+01 2.05E+01 2.04E+01 3.19E+00 3.44E+00 2.94E+00 1.27E+01 1.30E+01 1.25E+01 
394 2.05E+01 2.05E+01 2.05E+01 3.20E+00 3.45E+00 2.95E+00 1.28E+01 1.30E+01 1.25E+01 
395 2.06E+01 2.06E+01 2.05E+01 3.21E+00 3.46E+00 2.96E+00 1.28E+01 1.30E+01 1.25E+01 
396 2.06E+01 2.07E+01 2.06E+01 3.22E+00 3.47E+00 2.97E+00 1.28E+01 1.31E+01 1.26E+01 
397 2.07E+01 2.07E+01 2.07E+01 3.23E+00 3.48E+00 2.98E+00 1.29E+01 1.31E+01 1.26E+01 
398 2.07E+01 2.08E+01 2.07E+01 3.24E+00 3.49E+00 2.99E+00 1.29E+01 1.31E+01 1.26E+01 
399 2.08E+01 2.08E+01 2.08E+01 3.25E+00 3.50E+00 3.00E+00 1.29E+01 1.32E+01 1.27E+01 
400 2.09E+01 2.09E+01 2.08E+01 3.26E+00 3.51E+00 3.01E+00 1.30E+01 1.32E+01 1.27E+01 

 
 
 
 

Table 2(c). Thermocouple Data Base. 
 

Thermo E. M. F. (mv) Temp 
( ◦C ). X7 (E Type)  X8 (B Type)  

0 0.00E+00 2.50E-02 -2.50E-02 0.00E+00 2.50E-02 -2.50E-02 
1 5.90E-02 8.40E-02 3.40E-02 0.00E+00 2.50E-02 -2.50E-02 
2 1.18E-01 1.43E-01 9.30E-02 0.00E+00 2.50E-02 -2.50E-02 
3 1.76E-01 2.01E-01 1.51E-01 -1.00E-03 2.40E-02 -2.60E-02 
4 2.35E-01 2.60E-01 2.10E-01 -1.00E-03 2.40E-02 -2.60E-02 
5 2.94E-01 3.19E-01 2.69E-01 -1.00E-03 2.40E-02 -2.60E-02 
6 3.54E-01 3.79E-01 3.29E-01 -1.00E-03 2.40E-02 -2.60E-02 
7 4.13E-01 4.38E-01 3.88E-01 -1.00E-03 2.40E-02 -2.60E-02 
8 4.72E-01 4.97E-01 4.47E-01 -2.00E-03 2.30E-02 -2.70E-02 

---- --------- --------- --------- --------- --------- --------- 
----- --------- --------- --------- --------- --------- --------- 
---- --------- --------- --------- --------- --------- --------- 
----- --------- --------- --------- --------- --------- --------- 
390 2.81E+01 2.82E+01 2.81E+01 7.46E-01 7.71E-01 7.21E-01 
391 2.82E+01 2.83E+01 2.82E+01 7.50E-01 7.75E-01 7.25E-01 
392 2.83E+01 2.83E+01 2.83E+01 7.54E-01 7.79E-01 7.29E-01 
393 2.84E+01 2.84E+01 2.84E+01 7.58E-01 7.83E-01 7.33E-01 
394 2.85E+01 2.85E+01 2.84E+01 7.62E-01 7.87E-01 7.37E-01 
395 2.85E+01 2.86E+01 2.85E+01 7.66E-01 7.91E-01 7.41E-01 
396 2.86E+01 2.87E+01 2.86E+01 7.70E-01 7.95E-01 7.45E-01 
397 2.87E+01 2.87E+01 2.87E+01 7.74E-01 7.99E-01 7.49E-01 
398 2.88E+01 2.88E+01 2.88E+01 7.78E-01 8.03E-01 7.53E-01 
399 2.89E+01 2.89E+01 2.88E+01 7.82E-01 8.07E-01 7.57E-01 
400 2.89E+01 2.90E+01 2.89E+01 7.87E-01 8.12E-01 7.62E-01 
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Table 3(a). PCA based similarity between unknown thermocouple type and known type. 

 
Unknown type 

PCAS  
J -Type K -Type S -Type T -Type R -Type E -Type B -Type N-Type 

J -Type 1.00E+00 5.04E-01 9.39E-01 8.47E-01 7.85E-01 5.05E-01 1.00E+00 6.30E-01 
K- Type 5.04E-01 1.00E+00 5.94E-01 6.13E-01 7.61E-01 1.00E+00 5.04E-01 9.08E-01 
S -Type 9.39E-01 5.94E-01 1.00E+00 6.72E-01 9.39E-01 5.97E-01 9.39E-01 8.03E-01 
T -Type 8.47E-01 6.13E-01 6.72E-01 1.00E+00 5.35E-01 6.10E-01 8.47E-01 5.01E-01 
R -Type 7.85E-01 7.61E-01 9.39E-01 5.35E-01 1.00E+00 7.63E-01 7.85E-01 9.50E-01 
E -Type 5.05E-01 1.00E+00 5.97E-01 6.10E-01 7.63E-01 1.00E+00 5.05E-01 9.10E-01 
B- Type 1.00E+00 5.04E-01 9.39E-01 8.47E-01 7.85E-01 5.05E-01 1.00E+00 6.30E-01 

K
no

w
n 

ty
pe

 

N-Type 6.30E-01 9.08E-01 8.03E-01 5.01E-01 9.50E-01 9.10E-01 6.30E-01 1.00E+00 
 
 
 

Table 3(b). Distance based similarity between unknown thermocouple type and known type. 
 

Unknown type 
distS  

J -Type K -Type S -Type T -Type R -Type E -Type B -Type N-Type 
J -Type 1.00E+00 5.92E-01 7.81E-01 9.21E-01 9.01E-01 5.01E-01 5.90E-01 5.58E-01 
K- Type 5.01E-01 1.00E+00 5.01E-01 5.01E-01 5.01E-01 5.01E-01 9.72E-01 5.01E-01 
S -Type 6.71E-01 5.01E-01 1.00E+00 5.01E-01 7.95E-01 5.21E-01 5.01E-01 5.01E-01 
T -Type 9.21E-01 5.01E-01 5.01E-01 1.00E+00 8.37E-01 8.23E-01 5.01E-01 5.01E-01 
R -Type 5.01E-01 5.01E-01 8.34E-01 7.88E-01 1.00E+00 5.01E-01 5.01E-01 5.44E-01 
E -Type 8.16E-01 5.01E-01 6.84E-01 5.01E-01 5.01E-01 1.00E+00 5.01E-01 5.01E-01 
B- Type 5.01E-01 9.72E-01 5.01E-01 5.01E-01 5.01E-01 5.01E-01 1.00E+00 5.65E-01 

K
no

w
n 

ty
pe

 

N-Type 5.01E-01 5.01E-01 5.01E-01 5.01E-01 5.01E-01 5.01E-01 5.01E-01 1.00E+00 
 
 
 

Table 3(c). Combined similarity between unknown thermocouple type and known type. 
 

Unknown type 
SF 

J -Type K -Type S -Type T -Type R -Type E -Type B -Type N-Type 
J -Type 1.00E+00 1.84E-01 5.62E-01 8.41E-01 8.03E-01 2.20E-03 1.80E-01 1.16E-01 
K- Type 2.40E-03 1.00E+00 2.60E-03 2.20E-03 2.40E-03 2.00E-03 9.44E-01 2.00E-03 
S -Type 3.42E-01 2.60E-03 1.00E+00 2.20E-03 5.89E-01 4.14E-02 2.40E-03 2.60E-03 
T -Type 8.41E-01 2.20E-03 2.40E-03 1.00E+00 6.74E-01 6.46E-01 2.20E-03 2.00E-03 
R -Type 2.40E-03 2.60E-03 6.67E-01 5.75E-01 1.00E+00 2.60E-03 2.60E-03 8.72E-02 
E -Type 6.31E-01 2.40E-03 3.68E-01 2.20E-03 2.20E-03 1.00E+00 2.40E-03 2.60E-03 
B- Type 2.60E-03 9.44E-01 2.60E-03 2.60E-03 2.40E-03 2.00E-03 1.00E+00 1.31E-01 

K
no

w
n 

ty
pe

 

N-Type 2.40E-03 2.20E-03 2.40E-03 2.20E-03 2.00E-03 2.60E-03 2.20E-03 1.00E+00 
 
 
5. Discussion 
 
In the present work, an attempt has been made to classify the unknown data set based on calculated 
similarity factor which tends to become unity. In doing so, decision boundaries among the datasets 
have not been estimated. Sometimes it may occur that unknown datasets may have almost equal 
similarity factors with respect to any two or more known data sets. Better inference could be derived 
when decision boundaries based discriminate analysis (Fischer discriminate analysis) are made 
because calculation of prior and posterior probabilities and cost of misclassification would provide 
better guideline for better prediction. 
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