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Dear editor,

Diesel engines have been widely used in vehicles because of
their excellent fuel efficiency and durability. Although they
only represent a small percentage of vehicle ownership, they
cause the majority of on-road emissions such as NO, and
PM [1]. By analyzing the emission characteristics of diesel
engines, transient engine operation such as at idle speed
and start-up is found to cause substantially more to total
emissions over a driving cycle compared to steady-state en-
gine operation [2]. Therefore, the challenge of the existing
technology is to improve the emission and fuel consumption
performance of diesel engine under transient conditions.

With the development of intelligent transportation and
intelligent vehicles, traffic information such as traffic sig-
nals, road slope, and inter-vehicle distance can be directly
obtained. Based on these information, it gives us an oppor-
tunity to predict future vehicle states and plan the desired
vehicle torque and velocity, such that the aggressive engine
transients can be decreased. Therefore, the main contribu-
tion of this study is that a predictive coordinated control
strategy is proposed for fuel consumption and emission for
diesel engine vehicles based on intelligent network environ-
ments. The novelty of the proposed control scheme can be
summarized as follows: (1) Intelligent network information
is used to predict the vehicle dynamics, and plan the de-
sired torque considering fuel consumption and emission lim-
its; (2) a data-based modeling method is applied to deduce
the control-oriented model; (3) a constrained optimization
control method is applied to design the torque tracking con-
troller.

Using intelligent network information, the strategy for
diesel engine predictive coordinated control is described in
Figure 1(a).
information collection module, a torque planning module
and a torque tracking control module. As for the collec-
tion of information, because it is not the focus of this study,

The strategy includes an intelligent network

* Corresponding author (email: huyf@jlu.edu.cn)

(© Science China Press and Springer-Verlag GmbH Germany, part of Springer Nature 2020

we assume that such information can be directly obtained.
Using this information, the future state of a diesel engine
vehicle is predicted, and the torque planning strategy is ob-
tained by minimizing the energy consumption under certain
Then, the torque tracking control strategy is
obtained by minimizing the torque tracking error and fuel
consumption under the emission constraints. For automa-
tous vehicles, the proposed method can be directly applied
to the vehicle planing and control. For vehicles with driver,
the proposed method can provide a best driving scheme to
the driver under the current traffic environment.

Torque planning with constraints. Using the intelligent
network information, the purpose of torque planning is
to obtain the optimal torque (driving torque and braking
torque) by minimizing the energy consumption under given
traffic, emission regulation and vehicle performance con-
The travel time is 71 € [t,t + T], which means
the travel time from the current traffic signal to the next
traffic signal.

As a consumer, we hope that the fuel consumption (en-
ergy loss) will be minimal; then, the optimization goal of

constraints.

straints.

torque planning is as follows:

t4+T
min Jq :/ (wlPloss(ml,ul,t) + ngg) dry, (1)
t

where the meaning and the specific calculation form of Pl
can be found in [3], w1 and wy are weight coefficients, and
x1 = [v(t),s(t)]T is the state of the vehicle kinematics
model, which is predicted by the following kinematics equa-
tions:

)= 37 (RO -Fa(0- Speatss?() ) ~ers

s =o(t).

()

The control variable is u; = [Fy, F},]T, where Fy(t) is the
driving torque, and Fy(t) is the braking torque. The end
time of the next traffic signal’s green light and the distance
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Module 1: Information collection
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Module 2: Torque planning with constraints
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Figure 1 (Color online) Simulation results under three different driving styles. (a) Overall structural schametic flow chart;

(b) driving route; (c¢) PM emissions; (d) analysis of experimental data.

from the current position to the next traffic signal are con-
sidered as the terminal conditions of the above optimization
problem.

To ensure safety and emission limits, traffic and vehicle
performance constraints should be considered in the plan-
ning module. The constraints on vehicle torque planning
can be obtained as follows:

(t) < Umax (t)v
Av(t) < Avmax(t),
Ft(t) < thaX7 0< Fb(t) < Fbmax7

®3)

where vpin and vmax are velocity constraints and Awvpgiy
and Awvmax are acceleration constraints. Using traffic flow
speed, traffic density and traffic jam information, we can ob-
tain velocity and acceleration constraints. Fiymin and Fimax
are vehicle driving torque constraints, which are converted
to engine torque constraints via the transmission ratio and
are ultimately determined by the engine performance and
engine emission MAP. Fyin and Fpnax are the braking
torque constraints, given according to vehicle performance.

Torque tracking control strategy. According to both the
system characteristics of a diesel engine and control require-
ments, the desired driving torque is translated into the de-
sired engine torque by a given gear ratio, which is decided by

a pre-designed gear controller in GT-Power. Then an appro-
priate torque tracking control strategy should be adopted to
achieve the desired torque.

According to the characteristics of the diesel engine, the
control input is chosen as u = [m, 7,0, ﬁ]T, and the output
is chosen as y = [Te,PM,b;]. In this study, the control-
oriented model is deduced based on the subspace identifi-
cation method, which is a very practical modeling method
depending on the system input-output data [4]. The input-
output data are obtained from a diesel engine model built in
GT-Power. The travel time is 72 € [t,t+ T, and the control
target can be constructed as follows:

min Jg

t+T
= / (w3Ghq (w2, u2) + waGtuel (2, u2))d72,  (4)

t
where 2 is the state of the system obtained through sub-
space identification, Gtq is the torque tracking error, Gyyel
is the fuel consumption function, and w3 and w4 are weight
coefficients.

The constraints on the input are based on the execution
limit and the execution speed of the injector, the EGR valve,
and the VGT valve. The constraints on the output are de-
rived from emission regulations. Considering the above, the
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constraints on the diesel engine torque tracking control can
be obtained as follows:

umin(t)
PMayg

< u(t) < Umax(t)a (5)
< PMrega

where Umin, Umax are control input constraints, PMayg is
the mean PM emissions within the measurement range, and
PM;eg is the emission limit given by regulations.

Co-simulation. To verify the effectiveness of the pro-
posed method, a vehicle plant with a 1.6 L diesel engine was
built in GT-Power. The controller is implemented in Mat-
lab, and a co-simulation is performed. In this application,
the model predictive control method is used to solve the op-
timal problem. Selection of parameters and constraints in
the simulation can be found in the appendix.

In Figure 1(b) and (c), the blue solid line denotes an op-
timized standard driving style (without idle speed state),
the red dotted line denotes an optimized mild driving style
(without idle speed state and rapid acceleration state), and
the green dotted line denotes the driving style under idle
speed and large acceleration.

From the data analysis in Figure 1(d), the mild driving
style’s time consumption is the highest, but the fuel con-
sumption and average PM emission are the lowest. The
radical driving style can reach the destination quickly; how-
ever, the other indices are the worst. Between these two
styles, the standard driving style does not require as much
time and achieves an acceptable fuel consumption and aver-
age PM emission.

Conclusion. This study highlights an integrated control
scheme of fuel combustion and emission for diesel engine ve-
hicle under intelligent network environment. Based on the
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intelligent network information, the desired vehicle driving
force is planned by minimizing fuel consumption and consid-
ering constraints. Then the data-based method is applied to
deduce the control-oriented model, and the torque tracking
controller is carried out to meet the planned torque. Finally,
a co-simulation is presented to verify the effectiveness.
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