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Abstract—Dual active bridge (DAB) converters are 
becoming one of the most reliable interfaces due to their high 
voltage range, easy realization of zero voltage switching (ZVS), 
galvanic isolation, etc. To meet specific consumer requirements 
in DC microgrids, DAB converters operate with different 
topologies. In this paper, a finite control set model predictive 
control (FCS-MPC)-based power sharing control is proposed 
when DAB converters are in different structures which are input 
series-output series, input parallel-output parallel, input 
parallel-output series, and input parallel-output parallel 
connecting structures. By analyzing the power balance 
relationship of the input port and output port, it determines the 
variable (input voltage/current or output voltage/current) which 
should be controlled to realize the power sharing. And then the 
cost function is designed based on the control strategy. Besides, 
this paper proposes a Kalman filter based parameter estimation 
method for the DAB converter. In this case, it guarantees the 
robustness of the MPC algorithm. Finally, the simulation results 
prove the effectiveness of the proposed method. 

Keywords—DAB converter; power sharing; model predictive 
control; parameters estimation; Kalman filter. 

I.  INTRODUCTION  

In recent years, dual active bridge (DAB) converters with 
a guaranteed and reliable operation are widely used in DC 
microgrids [1]-[4]. When DAB modules are connected in the 
DC microgrid with electronic loads, they behave as the point 
of load converters. And these converters could perform as 
constant power loads (CPLs). Conventional stabilization 
solutions employ PI controllers to compensate for the 
impedance according to the impedance-based approach [5]-
[6]. However, this kind of approach will bring degradation to 
the load regulation performance and lead to possible 
saturation of the original PI controller. Recently, model 
predictive control (MPC) is proved to be with advantage in 
solving the stabilization issue [7]. One of its merits is easy to 
describe the control targets in the cost function. Utilizing this 
characteristic, the input and output voltage damping have 

been integrated into the cost function to ensure stability [8]-
[9]. 

To meet specific requirements, the DAB modules’ 
structures can be divided into four types [10]. The first 
structure is called the input series and output series connected 
(ISOS) DAB system. This kind of system is applied to a 
situation that needs large input and output currents. Similarly, 
an input-series, output-parallel (ISOP) system is usually 
applied when a large input current and a large output voltage 
are required. Input-parallel, output-series (IPOS) structure is 
suitable when large input voltage and large output current are 
demanded. Lastly, an input-parallel and output-parallel (IPOP) 
structure is used in the system, which needs a large input 
current as well as a large output current.   

For the discussed structures, the key issue arises when the 
power needs to be shared among each module. In [11], it 
proposes an output voltage sharing control for ISOS systems 
based on the master-slave control. It selects one module as the 
master controller and the other modules’ controller will 
generate the control signal based on the master controller. In 
[12], a duty exchanging control for sharing the output voltage 
is proposed by adopting the averaged duty cycle of other 
modules. An input voltage sharing algorithm is proposed for 
ISOP systems based on master-slave control by introducing 
the average input voltage value as the reference in the control 
loop [13]. Similarly, an output current sharing control for 
ISOP systems is proposed by introducing the average value 
of other modules into the control loop [14]. For IPOS systems, 
an output voltage sharing algorithm is proposed based on 
master-slave control [15]. Independent control for output 
voltage sharing by directly introducing equal output voltage 
reference to each control loop is proposed [16]. For IPOP 
systems, the control for output current sharing is proposed 
with master-slave control or average current control [17]-[18]. 
However, the above control methods which are based on the 
master-slave controller will lead to low reliability. If the 
master module collapses, the system will be severely 
influenced. Although the average voltage/current control 
strategy can operate without a master-slave control format, it This work was supported by the State Scholarship Fund of China 

Scholarship Council (CSC). 



needs several sensors in the systems to measure the 
voltage/current for each control loop.  

Combining the above stability and power sharing issues 
for DAB modules in the DC microgrid, the MPC algorithm is 
a reliable candidate. To improve the power balance control 
algorithm, a PI and MPC composed algorithm is proposed [14] 
for output current sharing with IPOP DAB converters, which 
shows an excellent sharing performance and high reliability 
as well as fewer sensors. However, other structures with the 
MPC algorithm have few related studies. 

Although MPC is proved to be efficient and easy to 
contain constraints, it relies on the system model to establish 
control. During the operation, the parameters are not possible 
to remain at a constant value. Hence, to guarantee robustness, 
the estimation of the parameter’s changes is crucial and 
necessary for MPC controlled system. Besides, the 
parameters’ estimation is also widely used in the condition 
monitoring occasion [20]. In [17], it proposes a parameter 
estimation algorithm by introducing the perturbation into the 
control signal. According to the control signal’s incremental 
or decremental value, it can estimate the parameters for each 
module. A leakage inductance estimation method based on 
the recursive least square (RLS) algorithm is proposed for an 
MPC-controlled single DAB converter [21]. Compared with 
the RLS estimation algorithm, a self-tuned Kalman filter 
estimation algorithm based on the system’s transfer function 
is proved to show better estimation accuracy [22]. 
Nevertheless, because of the strong non-linear characteristics 
of an MPC controlled system, the system transfer function 
cannot be obtained easily and accurately, which will then 
severely affect the estimation accuracy. 

To address the above issues, this paper proposes the 
power sharing strategies for the above four structures of DAB 
converters using the MPC algorithm. Moreover, this paper 
proposes a Kalman filter-based parameters estimation method 
for the DAB converter. The rest of the paper is organized as 
follows. Section II describes the studied DAB converter and 
proposes the power sharing control algorithm. Section III 
introduces the operating principle of the Kalman filter and 
proposes a Kalman filter-based parameters estimation 
algorithm for an MPC-controlled DAB converter. Section IV 
presents the simulation results. And Section V concludes the 
paper. 

II. MODEL PREDICTIVE CONTROL OF THE DUAL ACTIVE 
BRIDGE CONVERTER 

A. Modeling of DAB converters with FCS-MPC 

The DC-DC DAB converter is shown in Fig. 1. Generally, 
the input LC filter is supplemented before the input port of the 
DAB converter to provide a smooth input.  

 
Fig. 1. DC-DC DAB converter. 

The primary side of the DAB converter consists of four 
switches, which are S1 to S4, and with the primary side of the 
transformer. In this paper, the leakage inductance L is 
considered on the primary side. The secondary side of the 
DAB converter consists of four switches, which are S5 to S8, 

and with the secondary side of the transformer. N is the 
transformer ratio. Vg and Vo represent the input voltage and 
output voltage respectively.  

The phase shift control is a common approach for 
controlling the DC-DC DAB converter. In this study, the 
single-phase shift approach is adopted. The control variable 
is defined as φ, which represents the phase shift between the 
primary side signal for S1 and the secondary side signal for S5. 
And the duty cycles of these eight switches are fixed at 0.5.  

It can be seen that the DAB converter transforms the power 
through the intermediate transformer. According to the 
reduced-order model [14] for the DAB converter, the average 
power flows from the input to output is defined as: 

(1 2 )
2

g oV V
P

NL
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where P represents the output power of the load. From the 
studied system in Fig. 1, the following equations can be 
obtained:  
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Substituting (1) into (2), the following equation can be 
obtained: 
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Assuming that the sampling frequency is relatively high, 
the state in (3) can be transformed into a discrete-time 
equation with the classical forward Euler approximation 
method. It is expressed as: 
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where Ts is the switching period. Combining the above 
equations, the predicted input voltage, and the capacitor 
voltage at the next sampling time k+1 can be expressed as: 
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The above equation is defined as the prediction model for 
the FCS-MPC algorithm. According to (5), the cost function 
is expressed as: 
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where, Nh is the prediction horizon and Vg
* and Vo

* are the 
desired references. Finally, a control signal φ, which is the 
optimal shifting phase is selected and applied to the converter 
by minimizing the cost function in (6).  

B. Power sharing strategy of Multi DAB converters with 
FCS-MPC 

The structures of the connections between two DAB 
converters can be divided into four main groups shown in Fig. 
2.  

 
(a)                                                             (b)  

 
(c)                                                              (d) 

Fig. 2. Different structures of DAB converters. (a) ISOS. (b) ISOP. (c) 
IPOS. (d) IPOP. 

Considering the power balancing issue in the above four 
structures, they can be classified into two different conditions, 
which are the voltage-controlled power sharing method and 
the current-controlled power sharing method. 

Assuming minimal power loss between the transformation 
from the input port to the output port, we can get: 

n g in n o oN V i N V i=                               (7) 

where Nn is the number of DAB converters series or 
parallel connected. The objective for realizing the power 
balance can be expressed as: 

1 2 3

1 2 3

1 2 3

1 2 3

1 2 3

1 2 3

...
...

...

...
...
...

g g g gNn

in in in inNn

o o o oNn

o o o oNn

o o o oNn

in in in inNn

V V V V
i i i i
i i i i

or
V V V V
i i i i
i i i i

= = = =


= = = =
 = = = =

= = = =
 = = = =
 = = = =

                     (8) 

Next, the power balance realization with these four 
structures based on FCS-MPC will be analyzed. 

Firstly, the ISOS DAB converters are analyzed. According 
to the structure, it is intuitive that the DAB converters satisfy 
the equation as: 
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                       (9) 

Thus, the realization of power sharing is to make the output 
voltage of each DAB converter equal to Vot/Nn, where Vot is 

the total output voltage of the multi-DAB converters. Hence, 
the control strategy can be expressed with FCS-MPC as: 
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where i=1, 2… Nn. Similarly, the ISOP DAB converters 
satisfy the equation: 
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Thus, the realization of power sharing is to make the input 
voltage of each DAB converter equal to Vg/Nn, where Vg is the 
total output voltage of the multi-DAB converters. Hence, the 
control strategy should be expressed with FCS-MPC as:  
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When the IPOS DAB converters are analyzed, they satisfy 
the equation: 
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The realization of power sharing is to control the output 
voltage of each DAB converter equal to Vo/Nn, where Vo is the 
total output voltage of the multi-DAB converters. Hence, the 
control strategy should be expressed with FCS-MPC as:      
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From the above three structures and their realizations for 
power balance, it can be noticed that the power balance is 
obtained only by controlling the input voltage or output 
voltage. Hence, the above three conditions can be classified 
as voltage-controlled power balance. 

The next structure remaining to be discussed is the IPOP 
DAB converters. Similarly, the IPOP DAB converters satisfy 
that equation as: 
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Thus, the realization of power sharing is to control the input 
current or output current of each DAB converter to be 
balanced. And the output current sharing is considered in this 
work. To realize output current sharing, the output current of 
each DAB converter should equal iot/Nn, where iot is the total 
output current of the multi-DAB converters. Hence, the 
control strategy should be expressed with FCS-MPC as:      
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As seen, IPOP DAB converters can realize the power 
balance only by controlling the output current. Hence, it is 
different from the control strategy under the above three 
conditions. 

Although (16) can ensure the current sharing for IPOP 
DAB converters, it is difficult to be carried out when 
calculating io(k+1). According to the model in (2), it can only 
predict the output voltage according to the relationship 
between the capacitor voltage and capacitor current. However, 
it cannot predict the output current according to this 
relationship. Hence, (11) can be replaced with the following 
equation: 
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In this way, the power sharing control for DAB converters 
with four types of connecting structures is realized based on 
the MPC controllers. Compared with the conventional PI 
controller, the MPC algorithm can be designed without extra 
sharing bus or master controllers. 

III. PARAMETERS ESTIMATION BASED ON KALMAN FILTER 
Although MPC is an effective and easy-design algorithm, 

the drawback of this algorithm is also obvious. The reliance 
on the system model will influence the robustness of this 
algorithm as Fig. 3 shows. When the leakage inductance 
changes, the adjusting time of the system with an updated 
leakage inductance value will be faster than that without an 
updated value. 

 
(a) 

 
(b) 

Fig. 3. Output voltage when leakage inductance changes. (a) With the 
updated leakage inductance. (b) Without the updated leakage inductance. 

In the studied DAB converter, its leakage inductance L is 
closely tied to the transferred power of the system. When the 
converter is operating, it cannot be ensured the leakage 
inductance remains at a constant value. Hence, it is essential 
to evaluate the value of the inductance and update the latest 
value to the controller. Besides, the estimation can also 
provide parameter monitoring for the system. In this paper, a 
Kalman filter-based estimation method is proposed for 
evaluating the parameters for the DAB converter. To simplify 
the calculation, the single DAB converter is considered. 

According to the Kalman filter algorithm operating 
principle and system’s parameters, it yields: 

1
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k k k

k k k

y k ϕ θ ν
θ θ ω−
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

= +
                          (18) 

where y(k) is the output of the system, φk represents the 
variables of the system. νk is the measuring noise. θk is the 
system’s parameters and ωk donates the changes in the 
parameters. Usually, the Kalman filter model in (18) is 
established based on the system’s model. For example, the 
system’s model can be expressed via transferring the s 
domain transfer function to the z domain as: 

2 1
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Then, the difference equation can be derived as: 

2 2 1 1 2 2 1 1k k k k ky d y d y n u n u− − − −+ + = +             (20) 

where u is the control variable. Nevertheless, due to the 
strong non-linear characteristics of the MPC, the system’s 
model cannot be obtained accurately, which will lead to a 
poor estimation. Hence, the Kalman filter model should be 
established according to the control principle of the DAB 
converters based on the MPC. And the estimating process is 
illustrated as follows. 

Define P (0) =g*I, where I is an identity matrix and g is a 
large number. A large g can prevent the system becoming 
converging at the beginning. 

Then the Kalman gain can be defined as: 
1
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Finally, according to the above equation, it yields: 
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k̂θ  donates the estimated parameters from the Kalman 
filter. 

Where Q in (22) donates the covariance matrix, which 
equals : 
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The elements in Q are decided by the error between each 
estimated value in the k instant and the estimated value in the 
k-1 instant. Based on this, the Kalman filter for estimating the 
parameters for the DAB converter can be designed.  In this 
paper, the Klaman filter is designed to estimate both the 
leakage inductance L and the load R. 

According to (5) and (18), the variables are replaced 
according to the DAB converter’s model as: 
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where R = P/Vo
2. And the initial value of g is chosen as 

10000. The measuring noise rk is chosen as 0.001. 

According to (20), it yields: 
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Then, the process of the power sharing MPC algorithm and 
the parameters estimation method based on the Kalman filter 
is illustrated as Firstly, the output voltage is sampled, and the 
phase shifting value is obtained. Then the estimated value of 
θ, the Kalman gain, and the matrix P are updated. In the next 
step, the parameters are estimated and then the covariance 
matrix Q is calculated. Finally, the MPC provides the optimal 
phase shifting value realizing power sharing control. 

IV. SIMULATION RESULTS 

To validate the proposed power sharing control as well as 
the estimation method, related simulations are provided based 
on the system’s parameters in Table I. 

TABLE I System Parameters. 

Parameters Symbols Values 

Input voltage Vin 400 V 

Output voltage Vo 300 V 

Leakage Inductance L 50 μH 45 μH 

Capacitor C 2000 μF 

Switching frequency fs 20 kHz 

Load R 50 Ω 

Transformer Ratio N 1:1 

LC filter inductance Lf 200 μH 

LC filter capacitor Cf 200 μF 

Number of DAB 
converters Nn 2 

Fig. 4 shows the output voltage of DAB 1 and DAB 2 
respectively when they are ISOS connected. As seen, the 
output voltage of each DAB converter equals the desired 
output voltage of 300 V approximately. Moreover, the 
difference between these two converters’ output voltages is 
within 1 V, which proves the effectiveness of the power 
sharing control.  

Fig. 5. shows the output voltage of DAB 1 and DAB 2 
respectively when they are IPOS connected. As seen, the 

output voltage of each DAB converter equals the desired 
output voltage of 300 V approximately. Moreover, the 
difference between these two converters’ output voltages is 
within 1 V, which proves the realization of the power sharing 
control.  

 
Fig. 4. Output voltage using ISOS structure with leakage inductance L1=50 
μH, L2=45 μH. 

 
Fig. 5. Output voltage using IPOS structure with leakage inductance L1=50 
μH, L2=45 μH. 

 
Fig. 6. Input voltage using ISOP structure with leakage inductance L1=50 μH, 
L2=45 μH. 

Fig. 6 shows the input voltage of DAB 1 and DAB 2 
respectively when they are ISOP connected. The input voltage 
of each DAB converter equals half of the total input voltage 
approximately which is 200 V. Moreover, the difference 
between these two converters’ output voltages is within 0.5 V, 
which proves the input voltage sharing is realized.  

Fig. 7 shows the input voltage of DAB 1 and DAB 2 
respectively when they are IPOP connected. From the results, 
the average output current of each DAB converter equals to 3 
A approximately. Moreover, it shows an output current 
sharing ability within 0.1 A difference. Fig. 8 and Fig. 9 show 
two outputs of the Kalman filter, which are the first output of 
1/L and the second output of 1-1/RC. As seen when the 
leakage inductance changes from 50 μH to 60 μH at 0.005 s, 
the first output of the Kalman filter can estimate the changing 
leakage inductance within 0.02 s. When the load changes from 
50 Ω to 25 Ω, the second output of the Kalman filter can 
estimate the changes in load within 0.01 s. And from the 
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comparison in Table II, shows that the estimated error is 
within 1% and the estimated value is accurate. 

 
Fig. 7. Average output current using IPOP structure with leakage inductance 
L1=50 μH, L2=45 μH. 

 
Fig. 8. Kalman filter’s first output when leakage inductance L changes at 
0.05s from 50 μH to 60 μH.  

 
Fig. 9. Kalman filter’s second output when load R changes at 0.05s from 50 
Ω to 25 Ω.  

TABLE II Parameters’ Estimation. 

Parameters Real Estimated 

L 50 μH to 60 μH 50.3 μH to 60.2 μH 

R 50 Ω to 25 Ω 50 Ω to 25 Ω 

V. CONCLUSION 
This paper proposes a power sharing control for the DAB 

converters based on the MPC algorithm. By designing the 
control objective and cost function for the MPC algorithm, 
power sharing is realized for four different structures of the 
DAB converters. To guarantee the control robustness, a 
Kalman filter-based estimation controller is designed for the 
DAB converter to assess the change of leakage inductance 
and the load.  

In the end, the simulation results provide the validation of 
the proposed power sharing control. Also, the results prove 
the effectiveness of the Kalman filter estimation controller 
when leakage inductance and load change. Based on this, the 
power sharing and the control performance of the DAB 
converters can be guaranteed with the proposed method. 
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