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Predictive maintenance has been one of important applications of data science technology that creates a predictive model by

collecting numerous data related to management targeted equipment. It does not predict equipment failure with just one or two

signs, but quantifies and models numerous symptoms and historical data of actual failure. Statistical methods were used a lot

in the past as this predictive maintenance method, but recently, many machine learning-based methods have been proposed. Such

proposed machine learning-based methods are preferable in that they show more accurate prediction performance. However, with

the exception of some learning models such as decision tree-based models, it is very difficult to explicitly know the structure

of learning models (Black-Box Model) and to explain to what extent certain attributes (features or variables) of the learning

model affected the prediction results. To overcome this problem, a recently proposed study is an explainable artificial intelligence

(AD). It is a methodology that makes it easy for users to understand and trust the results of machine learning-based learning

models. In this paper, we propose an explainable Al method to further enhance the explanatory power of the existing learning

model by targeting the previously proposedpredictive model [5] that learned data from a core facility (Hyper Compressor) of

a domestic chemical plant that produces polyethylene. The ensemble prediction model, which is a black box model, wasconverted

to a white box model using the Explainable Al. The proposed methodology explains the direction of control for the major features

in the failure prediction results through the Explainable Al. Through this methodology, it is possible to flexibly replace the timing

of maintenance of the machine and supply and demand of parts, and to improve the efficiency of the facility operation through

proper pre-control.
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<Figure 1> Hyper Compressor
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<Table 1> Raw Data Set Sample

Pressure | Tomp, | Tamp. | Tomp, | FU¢ | Cass
254.6 61.5 63.4 54.4 339.3 0
254.6 61.6 63.4 54.4 340.0 0
2547 61.9 63.4 54.5 332.8 0
254.8 62.0 63.5 54.5 334.7 0
254.0 62.4 63.5 54.6 336.3 0
254.2 62.5 63.6 54.6 334.7 0
254.8 62.6 63.6 54.6 330.0 0
255.8 62.8 63.6 54.7 3294 1
255.8 62.9 63.6 54.7 328.0 1
255.6 63.0 63.6 54.8 3283 1
255.7 63.7 63.8 55.1 3252 0
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<Table 2> Explainable Al Application Processes for
Machine Predictive Maintenance

Order Procedures

1 Environmental analysis

2 |Data preprocessing for about 400 attributes

3 | Configuring training sets based on failure history

4 | Composing training set (normal data 70% vs abnormal data 30%)

5 Learning the ensemble model with a set of dependent and

independent variables

6 | Predicting risk scores & feature (attribute) importance evaluation

7 | Learning model evaluation

8 | Explainable AI (SHAP Tree Explainer)generation

9 | Extracting SHAP value and evaluating contribution of attributes

THE dolH = dAY A AA S5y A
TFAetth 4w sk o] o] E(Training set)Al-S &F<5 A7
o o F Belg AT o] oS Rl A8k

A}
"ol XGBoost(Extreme Gradient Boosting) 44 & 98-
483+t XGBoost YAFE E @2 CART(Classification
and Regression Tree)2] §-H W@ow ot 1 A w7}
A= o] go] &&5]11 & garg]Folt) o]/ (Abnormal)

32 1F 2 olF LY

B AFd = &F 7192 XGBoost hsy E o]
1t} XGBoost G g]HE Yo A gso] £2
o HAF Qe AEAUY 7IH O R[], 7], 34
S A9 WEs 3-e 7k 3 AtH17]. XGBoostE
t}2 Gradient Boosted Machine @} ¥ 3 & w I43&
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<Figure 2> Example of the Facility Risk Prediction
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<Figure 5> Risk Prediction Score Results for Test set
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<Figure 6> Risk Prediction Score Results for Test Set
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<Figure 7> Impact Log-odds According to L.plunger
Temperature Values
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<Figure 8> Simulation Results for Predictive Models with
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<Figure 9> Simulation Results for Predictive Models with
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<Figure 11> Simulation Results for Predictive Models with
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<Figure 12> Simulation Results for Predictive Models with
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