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Background

◼Much more energy consumed due to the increasing number of vehicles
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➢ 2010-2020 World Vehicle Parc (Unit: 100M) ➢ Energy demand is increasing 
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Background

◼ Emission reduction is urgent, especially the NOx

◼ Emission is more serious and regulations is more strict

Emissions 
from heavy 

duty vehicles
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Background

◼ Connectivity brings more data

◼ Predictive Control is the best fit for powertrain with connectivity

is potentially able to improve the
efficiency and reduce emissions
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Predictive Powertrain Control with Connectivity

Dynamic 

Traffic

Static 
Infrastructure  

…

Connectivity  Information

Bi-level Powertrain Control

Predictive Energy-Saving Control

Selective Catalytic Reduction Control

desired engine 
speed

desired engine 
torque

Predictive Energy-Saving Control（PESC）

Selective Catalytic Reduction Control (SCRC)

◼ Predictive Powertrain Control
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Predictive Powertrain Control with Connectivity

◼Scenario #1

◼Scenario #2

Available data：

• Road Slope
• Road Curvature
• Speed Limit
• Desired Speed: 80km/h

Available data

• Preceding Vehicle Speed

◼Tianlong Qijian Heavy-
Duty Truck @Dongfeng

Connectivity
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Predictive Powertrain Control with Connectivity

◼ Powertrain Model ◼SCR Model 
➢ Drivetrain longitudinal dynamics 

➢ Fuel consumption rate 

➢ Chemical reaction rate within SCR 

➢ SCR dynamics 
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Predictive Powertrain Control with Connectivity

◼Optimal Control Problem for PESC ◼Optimal Control Problem for SCR

➢ Objective Function 

➢ Variable State Constraints 

➢ Objective Function 

➢ Variable State Constraints 
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Predictive Powertrain Control with Connectivity
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Solving the optimal terminal
covariate 𝝀(N) iteratively using
the dichotomous method
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Reverse Mapping

Given the initial value of a covariate 𝜆(0) , the corresponding terminal value of the covariate 𝜆(N) can be
obtained along the necessary conditions and the optimal control law. The optimal problem is transformed into a
problem of solving equations by finding the optimal initial covariates 𝜆(0) that satisfy the terminal necessary
conditions

Dichotomy Solve 
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The process of solving the 

optimization problem at time.

◼Numerical Solution of Optimization Problems
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Predictive Powertrain Control with Connectivity

◼ Consider 5 Combinations of Control Schemes 

Baseline Controller (BC)

• Without connectivity

• Only tracking the desired velocity

Predictive Energy Saving Controller (PESC)

• Have access to information via connectivity

• Consider both fuel saving and speed tracking

BC with SCRC

• Baseline Controller with a typical industrial 

feedforward SCR controller

PESC with SCRC

• PESC with a typical industrial feedforward 

SCR controller

PESC with PSCRC

• PESC with the proposed predictive SCRC
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Predictive Powertrain Control with Connectivity

Yicheng service

area, Hubei

➢ Energy Saving

➢ Original Emission Reduction

◼Simulation Results of Scenario #1  

Length: 33km

Altitude difference: 
38.29m

Chen'an toll 

station, Hubei

Contr. Average speed 
(km/h)

Fuel consumption 
(L/100km)

Specific NOx
(g/kwh)

Total NOx 
(g)

Total CO2
(g)

BC 79.94 - - - -

PESC 79.78 ↓ 4.53% ↓ 2.56% ↓ 9.52% ↓ 4.95%
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Predictive Powertrain Control with Connectivity

◼Simulation Results of Scenario #1  

Controller
Total NOx

(g)
Urea Consumption

(g)

BC + SCRC - 458.43

PESC + PSCRC ↓ 12.58% 458.46

Controller
Total NOx

(g)
Urea Consumption

(g)

PESC + SCRC - 445.65

PESC + PSCRC ↓ 5.62% 458.46

Controller
Total NOx

(g)
Urea Consumption

(g)

BC + SCRC - 458.43

PESC + SCRC ↓ 7.37% 445.65
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Predictive Powertrain Control with Connectivity

➢ Energy Saving ➢ Original Emission Reduction

◼Simulation Results of Scenario #2  

Contr. Average speed 
(km/h)

Fuel consumption 
(L/100km)

Specific NOx
(g/kwh)

Total NOx 
(g)

Total CO2
(g)

BC 52.65 - -

PESC 52.4 ↓ 14.7% ↓ 1.48% ↓ 8.65% ↓ 6.92%
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Predictive Powertrain Control with Connectivity

◼Simulation Results of Scenario #2  

Controller
Total NOx

(g)
Urea Consumption

(g)

BC + SCRC - 217.07

PESC + PSCRC ↓ 28.9% 217.07

Controller
Total NOx

(g)
Urea Consumption

(g)

PESC + SCRC - 218.07

PESC + PSCRC ↓ 22.98% 217.07

Controller
Total NOx

(g)
Urea Consumption

(g)

BC + SCRC - 217.07

PESC + SCRC ↓ 7.68% 218.07
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Conclusions

◼What can powertrain control do with the connectivity?

More Information via V2X

Source: The Economist

Well-established TheoryLower computing costs

Source: https://www.icauto.com.cn

• Predictive cruise control 
• Predictive energy management for HEVs
• Predictive battery management

Application of advanced control algorithm e.g. MPC is possible 

• Predictive engine management  
• Predictive emission control for trucks… 

Safer, more energy efficient, more environmentally friendly,

more comfortable ...
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