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01 Background

 The exhaust pollution from road vehicles is becoming increasingly serious.

 The NOx emissions generate by heavy-duty diesel vehicles are enormous.

 There is no clear and quantitative 

definition of high emission state 

during vehicle driving. 

 The consideration of the 

continuity characteristics of 

emissions is missing.



01 Introduction

1) Based on PEMS high-precision emission data

2) Considered the time series characteristics of

instantaneous mass of NOx and its change rate

3) Provided definition of different emission states.

An emission states identification method



02 Methodology

2.1   Data acquisition and preprocessing

2.2   Prediction model construction

2.3   Emission state labels acquisition



02 Methodology Data acquisition and preprocessing

Driving-related data:

• Speed • Acceleration • Jerk

Emission-related data:

• Corrected Instantaneous Mass of NOx

• Change Rate of Mass

Missing value: Outliers:

• Time-Gap • Driving-related: Data distribution

• Emission-related: Isolation degree



Step 1

(For basic time-lag)

Step 2

(For correction factor)

Step 3

(For final time-lag)

Time-Lag: The time-delay effect processing method based on the micro-

driving cycle characteristics
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02 Methodology Prediction model construction

Random Forest Model:

• 𝒏𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒐𝒓𝒔 = 𝟏𝟑𝟎 • 𝒎𝒂𝒙𝒅𝒆𝒑𝒕𝒉 = 𝟐𝟔

GBDT model:

• 𝒏𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒐𝒓𝒔 = 𝟑𝟐 • 𝒍𝒆𝒂𝒓𝒏𝒊𝒏𝒈𝒓𝒂𝒕𝒆 = 𝟎. 𝟎𝟗𝟑

XGBoost model:

• 𝒏𝒆𝒔𝒕𝒊𝒎𝒂𝒕𝒐𝒓𝒔 = 𝟏𝟔 • 𝒍𝒆𝒂𝒓𝒏𝒊𝒏𝒈𝒓𝒂𝒕𝒆 = 𝟎. 𝟎𝟕𝟗



02 Methodology Emission state labels acquisition
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Judgment Matrix for NOx 

Emission States Labels

Instantaneous Mass of NOx

Low-value Normal-value High-value

Change 

Rate 

of Mass

Low-value Low Lower Normal

Normal-value Lower Normal Higher

High-value Normal Higher High

Automatic boundary detection

Initial K-Center algorithm

Davies-
Bouldin 
Index



03 Case study

3.1   Analysis of prediction model performance

3.2   Comparison of clustering methods

3.3   Driving characteristics in emission states 



03 Case Study Emission prediction model for NOx

R-Square (R2) of instantaneous mass

Random Forest GBDT XGBoost Fusion

0.735→0.735 0.783→0.806 0.748→0.759 0.528

R-Square (R2) of change rate of mass 

Random Forest GBDT XGBoost Fusion

0.668→0.668 0.790→0.792 0.603→0.653 0.498



03 Case Study Prediction model selection and performance analysis



03 Case Study Comparison of different clustering methods

SC= 0.596

DBI= 1.105

CH= 2642

SC= 0.573

DBI= 0.736 

CH= 5181

SC= 0.572

DBI= 0.717 

CH= 5169

SC= 0.406

DBI= 0.786 

CH= 4194

Judgement Matrix K-Means

K-Means++ K-Medoids



03 Case Study Driving characteristics in high / low emission state 



04 Conclusion

1) Effectively define different emission states

2) Quickly identify high emission states

3) Lay the foundation for real-time identification 

of emission states
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