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Abstract—In this work, multiple linear regression-
based model to predict power gas turbine exhaust 
and wheelspace temperatures for application in 
predictive maintenance framework is presented. 
The cases study dataset from a gas power plant in 
Akwa Ibom State Nigeria has the following data 
columns; time of the day, power output of the 
turbine, the exhaust temperature and the turbine 
wheelspace temperature. The missing data 
records and incomplete data records were 
identified and removed. Afterwards, data spitting 
was done with 80 % reserved for training while 
20% of the dataset was used for the model 
validation. The results of the descriptive statistics 
analysis of the dataset show that there are up to 
2004 records in the dataset but some variables 
have missing data which were removed and then 
all the variables have 1,973 data samples each. 
The correlation matrix results show that only the 
Wheelspace Temperature and the Exhaust 
Temperature have very strong correlation value 
above 0.5. In the dataset used for the model 
training and validation, the Exhaust Temperature 
has 2 lower outliers and 71 upper outliers which is 
a total of 73 outliers while the Wheelspace 
Temperature has 5 lower outliers and 71 upper 
outliers which is a total of 76 outliers. The MLR 
model for the Exhaust Temperature has MAE of 
13.49557, RMSE of 26.92566 and R-squared value 
of 0.932712 while the MLR model for the 
Wheelspace Temperature has MAE of 25.56581, 
RMSE of 49.74893and R-squared value of 
0.887554. The prediction MLR models obtained in 
the work are essential for application in predictive 
maintenance framework.  

Keywords—power Gas Turbine, Predictive 
Maintenance Framework, Turbine Exhaust 
Temperature, Multiple Linear Regression, Turbine 
Wheelspace Temperature  

1. Introduction 

Over the years, Nigeria has suffered perennial 
power problem. There is poor and epileptic power 
supply across Nigeria [1,2]. There is also problem of 

access to the national power grid [3,4]. As such, 
efforts are being made to boost the power supply by 
developing additional power plants at selected 
locations across Nigeria [5,6,7]. One of such power 
project is the gas power plant in Akwa Ibom State 
which is tied to the national grid [8,9,10].  

While gas power plant is effective in generating 
electric power, the state of the gas turbine is crucial 
for reliable power output [11,12]. The operating status 
of the gas plant can be determined from the 
temperature readings taken at different parts of the 
gas plant [13,14]. In this work, the focus is on the 
turbine exhaust temperature and the turbine 
Wheelspace temperature [15,16]. There are 
acceptable temperature range for the exhaust 
temperature and the Wheelspace temperature. When 
the temperature exceeds any of the ranges, the gas 
plant will likely malfunction. As such, the operating 
values of turbine exhaust temperature and the turbine 
Wheelspace temperature can therefore be used to 
predict the need for maintenance of the turbine. 
Accordingly, in this work, two multiple linear 
regression (MLR) models are developed, one for 
predicting the turbine exhaust temperature and the 
other one for predicting the turbine Wheelspace 
temperature. The models are trained with data 
obtained from the case study gas power plant in Akwa 
Ibom State. The prediction performance of the models 
are assessed using five different metrics. 

2. Methodology 

The focus in this work is to use multiple linear 
regression to model and predict the power gas turbine 
exhaust and wheelspace temperatures which are 
essential for application in predictive maintenance 
framework. The study is a data-driven approach to 
model development. As such, the relevant dataset for 
the case study gas power is obtained and then 
applied in the model development. The research 
procedure is presented in Figure 1 and Figure 2. 
Specifically, according to the procedure presented in 
Figure 1, the MLR model is used to predict power gas 
turbine exhaust temperature and also power gas 
turbine wheelspace temperature. 
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Figure 2 The procedure showing how the MLR model is trained and validated for the prediction of the 
temperatures 

 PREPROCESS THE DATASET 
Missing Data, Outliers, Data Scaling 

DATA SPLITING 
Split the dataset into training set and validation set  

ACQUISITION OF THE DATASET  
Acquire the dataset of the case study power gas turbine exhaust and wheelspace 

temperatures and requisite explanatory variable 
Time, day, power output,  

MLR MODEL 
TRAINING 

 Trained MLR Model  
Validation 

TRAINING 
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MLR Model prediction  
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Table 3 The results of the descriptive statistical analysis for the dataset after all incomplete data records are removed 

Groups 
Exhaust 

Temp (Deg 
F) 

Output 
Power 
(MW) 

Wheelspace 
Temp 1 (DEG F)

Day-Time Day 
Time (Hour 

in a day) 

Number of observations 1,973 1,973 1,973 1,973 1,973 1,973 
Number of missing values 0 0 0 0 0 0 

Minimum 5.4 0 226 1 1 0 
Maximum 954 378 1,288 86.9583 86 23 

Range 948.6 378 1,062 85.9583 85 23 
Mean (x̄) 442.006 62.1369 438.37 44.2156 43.738 11.4633 

Standard Deviation (S) 103.8277 23.3695 148.3956 24.9885 24.9845 6.9485 
Q1 373 42.4 389 22.2917 22 5 

Median 426 64.5 419 44.0417 44 12 
Q3 472 81.3 434 65.875 65 17 

Interquartile range 99 38.9 45 43.5833 43 12 

Table 4 The Correlation matrix (pearson) for the five variables contained in the dataset 

 
Exhaust Temp 

(Deg F) 
Output Power 

(MW) 
Wheelspace 

Temp 1 (DEG F) 
Day 

Time (Hour in a 
day) 

Exhaust Temp (Deg F) 1 0.220043 0.890793 -0.217208 0.113201 
Output Power (MW) 0.220043 1 -0.0996187 0.104097 0.22573 

Wheelspace 
Temp 1 (DEG F) 

0.890793 -0.0996187 1 -0.19552 0.0604525 

Day -0.217208 0.104097 -0.19552 1 0.00798158 
Time (Hour in a day) 0.113201 0.22573 0.0604525 0.00798158 1 

3.2 The results of outliers’ determination  

The results of outliers determination is presented 
for the Exhaust Temperature having 1,986 data 
samples (as shown in Table 2 where n = 1986 for the 
Exhaust Temperature). The details of the sample 
calculations for the outlier determination for the 
Exhaust Temperature is presented as follows: 

Step 1: Sort the dataset with n data points in 
ascending order 

Compute the First Quartile (Q1): 

 (1/4) × (n + 1) 

Q1 position = (1/4) × (1986 + 1) = 496.75 

Since the position is fractional, we average values 
at positions 496 and 497: 

Q1 = (373 + 373) / 2 = 373 

Q1 = 373 

Compute the Third Quartile (Q3): 

 (3/4) × (n + 1) 

Q3 position = (3/4) × (1986 + 1) = 1490.25 

Since the position is fractional, we average values 
at positions 1490 and 1491: 

Q3 = (472 + 472) / 2 = 472 

Q3 = 472 

Compute the Interquartile Range: 

IQR = Q3 - Q1 

IQR = 472 - 373 

IQR = 99 

Compute the Lower Fence: 

Lower Fence = Q1 - (1.5 x IQR) 

Lower Fence = 373 - (1.5 x 99) 

Lower Fence= 224.5 

Compute the Upper Fence: 

Upper Fence = Q3 + (1.5 x IQR) 

Upper Fence = 472 + (1.5 x 99) 

Upper Fence= 620.5 

Find Outlier: 

Any numbers in the data that are below the lower 
fence are outliers. 

Any numbers in the data that are above the upper 
fence are outliers. 

The detailed results of the outlier determination for 
the Exhaust Temperature is presented in Figure 3 
when the missing data records are included and in 
Figure 4 when the missing data records are not 
included. The results in Figure 3 showed that with the 
missing data records included, the Exhaust 
Temperature has 8 lower outliers and 71 upper 
outliers which gives a total of 79 outliers. On the other 
hand, the results in Figure 4 showed that with the 
missing data records excluded, the Exhaust 
Temperature has 2 lower outliers and 71 upper 
outliers which is a total of 73 outliers. The outliers 
associated with the Exhaust temperature are shown in 
the scatter plot of Figure 5 and the box and whisker 
plot of Figure 6. 
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Table 7 The prediction performance of the MLR model for the turbine exhaust temperature 

MAE MSE RMSE R^2 MAPE 

13.49557 724.991 26.92566 0.932712 9.89% 

 

Similarly, the MLR model for the prediction of the Wheelspace Temperature (not including Time) is expressed 
as shown in Equation 3.  

 Wheelspace Temp 1 (DEG F) = -62.303503 - 2.02206 Output Power (MW) + 0.288834 Day + 1.388409 
Exhaust Temp (Deg F) (3) 

The scatter plot with fitted line for the actual and the predicted turbine Wheelspace temperature is presented in 
Figure 11 while the prediction performance of the MLR model for the Wheelspace temperature is presented in 
Table 8. The results show that the model has MAE of 25.56581, RMSE of 49.74893and R-squared value of 
0.887554 which show that 88.76 % of the variance in the Wheelspace Temperature is explained by the explanatory 
variables in the MLR model in Equation 2. 

 

Figure 11 The scatter plot with fitted line for the actual and the predicted turbine Wheelspace temperature 

Table 8 The prediction performance of the MLR model for the turbine Wheelspace temperature 

MAE MSE RMSE R^2 MAPE 
25.56581 2474.956 49.74893 0.887554 5.67% 

4. Conclusion 

The model training and evaluation for prediction of 
power gas turbine exhaust temperature and the 
turbine Wheelspace temperature is presented. The 
Multiple Linear Regression (MLR) model is used. The 
dataset is obtained for a case study gas power plant 
in Akwa Ibom State Nigeria. The data is pre-
processed to identify and handle missing data and 
outliers. Two MLR models were presented, the first 
MLR model is for the prediction of the power gas 
turbine exhaust temperature while the second MLR 
model is for the prediction of the power gas turbine 
Wheelspace temperature. The results showed that 
there are numerous outliers in the dataset and the 

MLR models have good prediction performance with 
R-squared value above 0.88 in both cases. The MLR 
models are expected to be employed in predictive 
maintenance framework which uses the predicted 
power gas turbine exhaust temperature and the 
turbine Wheelspace temperature to identify possible 
fault or abnormal state of the turbine and then trigger 
maintenance status for the turbine orperators. 
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