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1) STEP 1: Subproblem Exploration 

For a dual mode powertrain, at each driving cycle point, the 
EV mode capable of achieving the highest efficiency is 
selected. Then, a single cluster of operating points is formed for 
each HEV mode. 

 
2) STEP 2: Generalized optimal point definition 

During the second phase, the clusters are transformed into 
envelopes of piece-wise linear functions. At each driving cycle 
point, the starting vertex for the profiles is the best EV mode, 
identified from the previous step. Finally, the envelope is 
filtered to ensure the convexity. As shown in Fig. 5, the result 
is a set of different convex envelopes (one for each HEV mode) 
sharing the starting point.  

 
3) STEP 3: Energy balance realization 

In the last step, the mode shifting strategy and power split 
policy are chosen. Once more, first, the best EV mode is picked 
for each driving cycle point. When no feasible EV is present, 
the algorithm chooses the HEV mode with the lowest fuel 
consumption. Subsequently, the total electrical energy required 
to achieve CS condition is computed. The iterative substitution 
of the HEV modes follows the order identified by the steepest 
slope. However, unlike the dual case explained before, a crucial 
step is to update the common starting point (see Fig. 5) to the 
newly selected HEV point. Also, before moving to the next 
iteration, since the initial point has been changed for the HEV 
working conditions, the filtering criteria need to be re-applied. 

Despite the good performances of SERCA for dual-mode 
powertrains [21], the implementation for the multimode case 
has shown some limits of the method. We have found a strong 
dependency of multimode SERCA on two tuning factors: the 
number of intervals selected for torque and speed sweep of the 
components and the size of the discretization in fuel 
consumption. The algorithm generates inconsistent results 
when increasing the number of mesh intervals, which 
undermines the accuracy of the results. In Fig.6, examples of 
fuel consumption variation with respect to the tuning 
parameters in the UDDS driving cycle are reported for two 
multimode arrangements. The results seem to be case-
independent, since the same trend has been observed analyzing 
other multimode arrangements as well.  

Additionally, SERCA results for multimode arrangement 
shows excessive changes in the modes of operation. Proposed 

method is also capable of avoiding excessive mode changes 
beside being more consistent on tuning parameters.  

VI. THE SERCA+ ALGORITHM 
In the previous sections, two applicable algorithms for EMS 

design of multimode power-split HEV powertrains have been 
reviewed. Both are characterized by weaknesses and strengths. 
In fact, PEARS is consistent but does not always show 
closeness with the global optimum, while SERCA is fast but 
strongly depends on tuning parameters, and mode trajectory can 
have unreasonably frequent mode changes. Consequently, the 
idea is to combine the two approaches to generate a strategy 
which outperforms both. Particularly, we use the stability of 
PEARS to determine the mode selection, in combination with 
the stepwise procedure of SERCA to determine the power split 
and near-optimal working conditions. The logic of the new 
method obtained, called SERCA+, is reported as follows. 

 
1) STEP 1: Data Preparation  

At each driving cycle point, the best EV mode is selected 
with its relative working condition. For the HEV mode, the 
SERCA envelope is built and filtered. Once the profile is  

convex, unlike SERCA, the PEARS based efficiency (11) is 
computed for each point. All the achievable HEV modes are 
then labelled by the highest achievable PEARS efficiency only.  

 
2) STEP 2: PEARS mode selection  

 In this step, we obtain the mode trajectory for the driving 
cycle. First, at each driving cycle point, the HEV mode with the 
highest labelled efficiency is chosen. Next, rather than going 
ahead and finalizing the chosen mode, to prevent excessive 
mode changes (12)[29], we prefer the mode selected at the 
previous time step if its efficiency is comparable with the 
current highest identified efficiency.  

Fig. 5: Example of SERCA envelopes for a three HEV mode powertrain. 

(a)  

(b)  
Fig. 6: Tuning parameters dependency of multimode implementation of 

SERCA for two different powertrain arrangements on UDDS driving 
cycle. 

 

 












