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Abstract- This paper presents an exploration of the Dual Active Full Bridge (DAFB) converter 
utilizing optimization techniques to improve its performance. The DAFB DC-DC converter is gaining 
prominence in power electronic applications due to its ability to efficiently manage power levels while 
maintaining compact size and enhanced control capabilities. The use of a trial and error method to 
select Proportional Integral (PI) gain values in controllers does not result in accurate values that can be 
used for tuning the controller. To circumvent this, it is easier to go with optimization techniques 
because these techniques perform the search operations to fit suitable values for the gain parameters. 
Hence, Cuttlefish Optimization technique is used in this paper to select optimum values of PI gains. 
This results in a reduction in the amount of time necessary to obtain the gain parameters. 

 
Key Words: DAFB, Proportional Integral, Cuttlefish Optimization (CFO), PV system, Voltage 
Controller. 

 
I. INTRODUCTION 

 In terms of potential solutions for achieving sustainable development, the forms of renewable 
energy that hold the most promise are solar [1] and wind power. The demand for environmentally 
friendly forms of electricity has never been higher. In order to satisfy this demand, electric power 
systems will need to mature to the point where they can accommodate the incorporation of renewable 
energy sources like wind and solar, and they will also need to be able to provide high capacity battery 
backup in the event of a blackout. In recent years, there has been an increasing demand for the 
integration of renewable energy sources (RES) into conventional grids. The development of power 
electronic converters and the advancement of power semiconductor devices have made it possible for 
renewable energy sources to be directly integrated into the grid that is already in place [2]. This can be 
accomplished through the utilisation of a variety of power converter topologies. In order for renewable 
energy sources (RES) to function at their maximum power point, the interface is provided by DC to DC 
[3-4] converters. On the other hand, DC to AC inverters are utilised as the interface to the conventional 
50Hz grid. When it comes to controlling any DC to DC or DC to AC converter, the most common 
method is a dual loop control, which consists of an outer voltage loop and an inner current loop. This is 
because it restricts the amount of current that can flow through the converter. When it comes to the 
Dual Active Bridge Converter, the inner current control is implemented through the utilisation of half 
cycle moving window averaging on the high frequency transformer current. It is the outer voltage loop 
that provides the reference current that is desired. On the secondary side of the DAB converter, the 
duty cycle mode of control suggests an alternative switching strategy that can be implemented. Half of 
the time, the primary side is switched to the secondary side. Through the utilisation of duty cycle 
modulation, the secondary side switches are set to operate independently. The grid connected PV 
system is addressed in [5-7].  

 
II. METHODOLOGY 

 Fig. 1 is an illustration of the configuration that has been suggested. Figures 2 and 3 depict the 
control circuit that is utilised for bridge 1 (the primary side converter) and bridge 2 (the secondary side 
converter), respectively. By integrating DAFB [8], Solar photovoltaic are utilised for the purpose of 
charging the batteries. The solar model has three components: 1) a light-induced current source known 
as ILG; 2) a P-N junction diode that is shunted; and 3) a shunt branch resistance known as Rsh that is 
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responsible for the leakage currents caused by the impurities in the P-N junction. The value of this 
resistance must be as high as possible. In the best possible scenario, Rsh approaches infinity. 4) A 
resistance, Rse, that is connected in series and reflects the total ohmic resistance spread in the 
semiconductor as well as the resistance of the metal that interacted with it. In a perfect scenario, the 
value of the series resistance should correspond to zero. Idll is the value of the current that is flowing 
through a shunt branch P-N junction diode. 

 
Fig. 1: Equivalent circuit under short-circuited 

 From Fig.1, the 𝐼௩ is expressed as, 

𝐼௩ =  𝐼ீ − 𝐼ௗ − 𝐼௦     (1) 

 The voltage across them governs the current flowing through the elements, 
𝑉ௗ = 𝑉௩ + 𝐼௩𝑅௦      (2) 

 Where, Vpv = Output voltage of PV cell/array in volts, Ipv = Output current of PV cell/array 
and  𝑉ௗ = Voltage drop across diode. 

Generally, diode current describes as follows, 

𝐼ௗ =  𝐼ௗ௦  𝑒
ೂೇೡ

಼ − 1൨    (3) 

Where, Q = electron charge = 1.6022 x 10-19 C,  K = Boltzmann’s constant = 1.3807 x 10-23
 JK-1

, n = 
Quality factor of diode, T = Working temperature of cell’s in kelvin,  Ids = Saturation current. 
It includes the effect of series resistance, then diode current becomes, 

𝐼ௗ =  𝐼ௗ௦ൣ𝑒(ೡାூೡோೞ) − 1൧    (4) 

Where, 

 A = Constant = 
ொ

்
 

 The current in shunt branch resistance, 𝐼௦ , as per OHM’s law is, 

𝐼௦ =  


ோೞ
=  

ೡାூೡோೞ

ோೞ
    (5) 

  Therefore, the output current Ipv is given by substituting Eqns.(4), and (5) in (1)  

𝐼௩ =  𝐼ீ − 𝐼ௗ௦ൣ𝑒൫ೡାூೡோೞ൯ − 1൧ −
ೡାூೡோೞ

ோೞ
    (6) 

Eqn. (6) is valid for a single cell, But a PV array contains a matrix of several cells in practice. 
By seeing the array of Ns number of cells for one module or one panel Eqn.(6) can be written as 

𝐼௩ =  𝐼ீ − 𝐼ௗ௦ ቈ𝑒
൬

ೇೡశೡೃೞ

ಿೞ
൰

− 1 −
ೡାூೡோೞ

ோೞ
   (7) 

To meet the high voltage demand number of PV cells are added in series, 𝑁௦, and to meet the 
high current demand number of cells are connected in parallel, 𝑁, as shown in Fig.9. 
 So, Eqn. (7) can be written as,    

 𝐼௩ =  𝑁𝐼ீ − 𝑁𝐼ௗ௦ ቈ𝑒
൬

ೇೡ

ಿೞಿೞ
ା

ೡೃೞ

ಿೞಿ
൰

− 1 − 
ே

మ ೡାேேೞ(ூೡோೞ)

ேேೞோೞ
൨ (8) 

The light-induced current produced by the PV cell depends on solar irradiation and by the 
temperature according to the following equation  

𝐼ீ =  [𝐼௦ + 𝑘(𝑇 − 𝑇∗)]
ீ

ீ∗   (9) 

G
ILG

Idll

D Rsh
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Ish

Ipv
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 Here, Isc (A) is the short circuit current, generally, at 250C and 1000 W/m2, 𝑘 is short circuit 
current temperature coefficient. T (K) and T* are actual or operating temperatures, and reference 
temperature (250C or 298K), G (W/m2) is the solar irradiation or insolation, and G* is the reference 
irradiation (1000 W/m2). 
 The diode saturation current Ids is expressed as: 

𝐼ௗ௦ =  𝐼௦ ቂ
்

∗்
ቃ

ଷ
 𝑒𝑥𝑝 ቂ

ொா್


(

ଵ

்
−

ଵ

∗்
)ቃ    (10)  

 Where, Egb is the semiconductor band gap energy typically ≈1.12eV for polycrystalline Si at 
250C, and 𝐼௦  is the reverse saturation current at the reference temperature. 

Therefore, reverse saturation current is, 

𝐼௦ =  
ூೞ

௫ ቂ
ಲ.ೇ

ಿೞ
ቃିଵ

     (11) 

 Where, 𝑉  is the open circuit voltage, the following expressions will now be used to enhance 
the PV model.  

𝐼ௗ௦ =  
ூೞା∆

௫
ಲ൫ೇశೖೡ∆൯

ಿೞ
൨ିଵ

   (12) 

 Where, ∆்= 𝑇 − 𝑇∗, kv = Voltage temperature coefficient  

 

Fig.2: Block diagram used for simulation 

 

Fig.3: Control block diagram for converter 2  
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Fig.4: Control block diagram for converter 1  

 

Fig.5: Block diagram of PI controller 

 

 Fig. 6: Block diagram of PR current regulator 

  The block diagram is used in this work is illustrated in Fig.2.The control block diagram for 
converter2 and converter1 is presented in Fig.3 and Fig.4 respectively. Fig.5 illustrates a block diagram 
of a conformist PI regulator [9-15]. The schematic block diagram of resonant current regulator is 
illustrated in Fig.6. Transfer function of ideal Proportional and Resonant (PR) controller:  𝐺ோ(𝑠) =

𝑘 +
௦

௦మାఠమ. Where, ω stands the system angular frequency, 𝑘 and 𝑘  are the proportional constant and 

integral constant respectively.  
 The generalized PI controller expressed as follows, 

𝑣(𝑡) =  𝑘𝑒(𝑡) + 𝑘 ∫ 𝑒(𝑡) 𝑑𝑡   (1.16) 

Where, 𝑣(𝑡) is linear control signaling output and 𝑒(𝑡) is error signal generated by comparing 
the actual signal with reference signal. 

  
 The minimum values of parameters for PI technique can be determined using Eqn. (1.17). 

𝑘 ≥ 2𝐶𝜉𝜔

𝑘 ≥ 𝐶𝜔
ฬ      (1.17) 

 Where, kp, ki, C, ξ and ω are proportional constant, integral constant, dc-link capacitance, 
damping coefficient (0.707) and system angular frequency respectively. 
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Fig.7: Flowchart of CFO algorithm 

 For the purpose of operating the DAFB converter, a number of different modulation 
techniques were proposed. The conventional phase-shift modulation, also known as the single phase-
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shift modulation (SPS), is the most straightforward and straightforward method to implement. This 
method allows for the power to be controlled by a straightforward PI-based controller. The incremental 
conductance is used for thee extraction of the maximum power [16-22]. The complete steps for CFO 
algorithm [23-24] are framed in flowchart as presented in Fig.7.  

III. SIMULATION RESULT AND DISCUSSION 
 The block diagram shown in Fig.2 is simulated and the corresponding results are presented in 
this section. The simulation parameters are listed in Table I and Table II. The simulation results are   
presented for two cases including standard atmospheric conditions (SAC) and change of atmospheric 
conditions (CAC). 

Table I: Controller parameters 
CFO tuned PI Kp=81.472368639317890, Ki=0.090579193707562 

Voltage Controller 2 Kp=0.01, Ki=0.0001 
Current Controller 1 Kp=0.01, Ki=0.0001 

Current Controller 2 Kp=-0.01, Ki=0.00001 

 
Table II: Parameters used for simulation 

Parameter Value 

Input Voltage 255 V 

Battery SoC 50% 

Battery type Lithium ion 

Capacitor  3300 μF 

Transformer 1:1 single phase transformer,  250 V, 50 Hz 

Inductor 0.5 mH 

PV parameters 

Voc 37.5 V 

Isc 3.3 A 
Rse 0.01 Ω 

Rsh 200 Ω 
Nseries 7 

Nparallel 7 
PV reference Voltage 263 V 

 
Case 1: Standard atmospheric condition 

 The simulated results for the case 1 are illustrated in Fig.8 with incremental conductance 
MPPT controller and CFO tuned PI controller. The proposed configuration is simulated in both 
charging and discharging conditions. PV is integrated during charging conditions and disconnected in 
discharging mode. The battery current is circulated through LC filter in discharging condition. The 
state of charge (SOC) is considered as 50% for the simulation illustration. The PV voltage using MPPT 
controller is controlled effectively during change of atmospheric condition from t=3s to t=6s.  
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(a) PV Voltage 

 

(b) Battery Voltage 

 
Fig.8: Response curves under charging mode using PI- CFO and PI 
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(b) Battery Voltage 

 
(c) SOC 

Fig.9: Response curves under discharging mode using PI-CFO and PI 

 The PV integrated battery is simulated under constant irradiation and is illustrated in Fig.8. 
The PV voltage is tracking the reference with a value of 250V and is illustrated Fig.8 (a). The battery 
charging status is depicted in Fig.8 (b). The % soc is presented in Fig.8 (c). The battery discharging 
status is depicted in Fig.9 (b). The % soc is presented in Fig.9 (c).  
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(b) Battery Voltage 

 
Fig.10: Response curves under charging mode using PI-CFO and PR 
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(b) Battery Voltage 

 
(c) SOC 

Fig.11: Response curves under discharging mode using PI- CFO and PR 

 The PV integrated battery is simulated under constant irradiation and is illustrated in Fig.2. 
The PV voltage is tracking the reference with a value of 250V and is illustrated Fig.10 (a). The battery 
charging status is depicted in Fig.10 (b). The % soc is presented in Fig.10 (c). The battery discharging 
status is depicted in Fig.5.11 (b). The % soc is presented in Fig.5.11 (c).  
 
Case 2: Change of atmospheric condition 
 The PV integrated battery is simulated under variable irradiation and is illustrated in Fig.12. 
The PV voltage is tracking the reference with a value of 250V and is illustrated Fig.12 (a). The battery 
charging status is depicted in Fig.12 (b). The % soc is presented in Fig.12 (c). The battery discharging 
status is depicted in Fig.13 (b). The % soc is presented in Fig.13 (c).  
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(b) Battery Voltage 

 
(c) SOC 
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(e) Battery Power 

Fig.5.12: Response curves under charging mode using PI-CFO and PI 
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(c) SOC 

Fig.5.13: Response curves under discharging mode using PI-CFO  

 
IV. CONCLUSION 

The concept of cuttlefish optimization for PV integrated DAFB is presented. The simulation 
results are presented for proposed configuration in two cases such as for constant and variable 
irradiance. The performance of proposed configuration is performed well in both conditions including 
SAC and CAC using CFO. The SOC is presented in both charging and discharging conditions for 50% 
SOC. The battery voltage is exactly followed the %SOC. The charging mode defined in this work is the 
PV integrated DAFB. In discharging mode, the PV is turned off so that the battery starts discharging.  
 The utilization of the Cuttlefish optimization algorithm for the DC link voltage control of PV 
integrated Dual Active Full Bridge (DAFB) converters represents a promising and innovative 
approach. The Cuttlefish optimization algorithm optimizes the DC link voltage control strategy, 
resulting in improved energy conversion within the PV-DAFB system. This leads to more efficient use 
of the harvested solar energy. By continuously adapting the DC link voltage to maintain the PV panel 
at its maximum power point (MPPT) and ensuring stable output voltage, the algorithm guarantees the 
optimal operation of the converter. The algorithm's adaptability and optimization capabilities make it 
robust and reliable in varying environmental conditions and load requirements, enhancing the overall 
system's resilience and stability. 
 The utilization of advanced optimization algorithms like Cuttlefish represents an innovative 
approach to control systems, demonstrating the potential for ongoing technological advancements in 
the field of renewable energy (RE) integration. 
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