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ABSTRACT 

This study proposes the use of an Artificial Neural Net-

work (ANN)-based control strategy to improve the dy-

namic performance of battery chargers used in Personal 

Mobility Devices (PMDs), such as electric scooters, bicy-

cles, and skateboards. Traditionally, Proportional-Inte-

gral (PI) controllers are used to regulate the output voltage 

of battery chargers. However, PI controllers require careful 

gain tuning, and higher gains—while improving response 

time—can lead to overshoot and instability during transient 

conditions. 

To address these limitations, this work introduces an ANN-

based voltage regulation method for PMD battery 

chargers. Unlike conventional controllers, ANN models 

can learn from system behavior and adapt in real time, of-

fering superior control in nonlinear and time-varying envi-

ronments. By leveraging past data and dynamic feedback, 

the ANN controller anticipates voltage deviations and ad-

justs control actions accordingly.Simulation results vali-

date the effectiveness of the proposed ANN approach, 

showing improved voltage regulation, faster settling time, 

and reduced overshoot under dynamic operating condi-

tions. These outcomes confirm the ANN controller's poten-

tial as a high-performance alternative to traditional PI-

based methods in PMD battery charger applications. 

I. OVERVIEW 

Environmental pollution and carbon dioxide-induced 

global warming have increasingly led to extreme climate 

events, causing widespread damage to both people and 

property. This has heightened global awareness of the ad-

verse effects of carbon dioxide emissions and the urgent 

need for sustainable solutions [1], [2], [3]. As a response to 

this environmental challenge, there is a growing interest in 

electric mobility (E-mobility), an eco-friendly mode of 

transportation that has the potential to replace traditional 

vehicles powered by internal combustion engines [4], [5], 

[6]. By reducing carbon dioxide emissions, E-mobility 

plays a crucial role in helping the transportation sector meet 

its "double carbon" goals, contributing to global efforts to-

ward sustainability [7]. E-mobility relies on various energy 

storage devices [8] and can be classified based on travel 

distance. For long-distance travel, electric vehicles, plug-in 

hybrid electric vehicles, and hydrogen fuel cell vehicles 

serve as sustainable alternatives to conventional cars. How-

ever, for short-distance transportation, E-mobility includes 

personal mobility devices (PMDs) such as electric scooters, 

electric bicycles, and electric skateboards [9], [10], [11]. 

These PMDs are designed for urban mobility and can be 

used in designated bike lanes, pedestrian pathways, and 

other accessible locations, making them convenient for 

daily commuting. Their portability is a key advantage, as 

their compact size allows for easy storage and transporta-

tion. The demand for PMDs has been rising rapidly due to 

their numerous benefits, leading to the steady expansion of 

the PMD market [12], [13]. However, one of the challenges 

associated with PMDs is the variation in battery voltage 

across different types of devices. Each PMD type—

whether electric scooters, electric bicycles, or electric 

skateboards—requires a specific charging voltage. Typi-

cally, these batteries are charged using dedicated battery 

chargers that are designed for a single rated voltage, de-

pending on the PMD type [14], [15], [16]. The need for sep-

arate chargers reduces the overall convenience, availability, 

and industrial utility of PMDs. In recent years, efforts have 

been made to develop more versatile battery chargers that 

can accommodate multiple PMD types with different volt-

age requirements. Such advancements aim to improve 

charging efficiency, enhance user convenience, and support 
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the widespread adoption of PMDs. By addressing the limi-

tations of traditional single-voltage chargers, the develop-

ment of multi-purpose battery charging systems can con-

tribute to the seamless integration of E-mobility into urban 

transportation networks. 

 

Fig 1. Circuit configuration of the battery charger for 

PMDs. 

To enhance the availability and industrial usability of per-

sonal mobility devices (PMDs), a range of battery voltages 

from 24V to 72V has been developed [17], [18], [19]. Bat-

tery chargers that support a wide range of output voltages 

typically rely on multiple power conversion stages. Various 

approaches have been proposed to achieve efficient charg-

ing for PMDs with different voltage requirements. For in-

stance, in [17], a multilevel DC-DC converter is used to 

construct a battery charger by connecting multiple buck 

converters in series. However, this approach has limita-

tions, as it does not allow the use of a universal AC voltage 

as the input for the battery charger, reducing its industrial 

applicability. Another approach in [18] utilizes a combina-

tion of a half-bridge (HB) LLC resonant converter and a 

boost converter. While this design allows for a broad range 

of output voltages, it faces challenges in achieving precise 

frequency control of the HB LLC resonant converter, mak-

ing it complex to implement. To overcome these issues, the 

battery charger proposed in [19] incorporates a three-stage 

configuration consisting of a buck converter, an HB LLC 

resonant converter, and a boost converter. This design of-

fers advantages such as compatibility with universal AC 

voltage as the input source and the ability to generate a wide 

range of output voltages efficiently using the buck con-

verter. To regulate the output voltage of battery chargers, 

proportional-integral (PI) controllers are commonly used 

due to their simple structure and ease of implementation. 

The PI controller consists of proportional and integral con-

trol elements, each playing a distinct role. The proportional 

control influences the dynamic behavior of the system dur-

ing transient states, while the integral control addresses 

steady-state errors by continuously adjusting based on ac-

cumulated deviations [20], [21], [22]. The performance of 

the PI controller largely depends on the appropriate tuning 

of the proportional and integral gains. Proper gain tuning is 

necessary to enhance dynamic characteristics, but increas-

ing the gain may lead to excessive overshoot in transient 

states, limiting its effectiveness [23], [24], [25], [26]. Ad-

ditionally, conventional rule-based control techniques rely 

heavily on expert experience to determine bandwidth while 

accounting for interactions between control loops. While 

these methods offer good execution efficiency, they often 

fail to achieve optimal control performance due to their de-

pendency on predefined tuning rules [27]. To overcome the 

limitations of PI controllers and rule-based approaches, a 

model predictive control (MPC) strategy can be employed. 

Unlike PI controllers, MPC does not require manual band-

width tuning while considering inter-loop interactions. In-

stead, it optimizes control actions dynamically by predict-

ing future system behavior, leading to improved voltage 

regulation and overall control performance. 

Previously, the implementation of MPC was considered 

challenging due to computational complexity and hardware 

limitations. However, with advancements in processing 

power and control algorithms, MPC has become increas-

ingly feasible for real-time applications, including battery 

charging systems. By leveraging predictive optimization, 

MPC can effectively regulate PMD battery chargers, mini-

mizing voltage overshoot, improving transient response, 

and enhancing overall efficiency. The adoption of MPC in 

battery charger design represents a significant step toward 

the development of smarter, more adaptable charging solu-

tions for the growing PMD market. 

 

 

Fig 2. Equivalent operating circuit of the buck converter in 

a steady state (a) Mode 1. 
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(b) Mode 2   

because to its lengthy processing. But in recent years, the 

MPC approach has become applicable to systems due to the 

advancement of effective control algorithms and computer 

technology [27], [28], and [29]. Thus, this work proposes 

to use the MPC method to improve the dynamic character-

istics of battery chargers for PMDs. By modelling the bat-

tery charger for PMDs, the suggested MPC technique cre-

ates a cost function. The cost function is then minimized to 

determine the battery charger's ideal control input for the 

buck converter's duty. As a result, unlike the PI controller, 

it may acquire the battery charger's quick dynamic charac-

teristics without gain tweaking. The modelling and experi-

mental findings demonstrate the efficacy of the suggested 

MPC approach for the PMD battery charger. 

I. The battery charger's circuit configuration and oper-

ation guidelines   

 

A. CIRCUIT DECOMPOSITION   

Figure 1 displays the battery charger's circuit setup for 

PMDs with a broad output voltage range. The electric bat-

tery 

 

 

Fig 3. Voltage and current waveforms depending on the 

switching state of the buck converter (a) switching state. (b) 

diode voltage. (c) inductor voltage. (d) inductor current 

 

Fig 4. Circuit configuration obtain the variation of output 

voltage 

The three primary components of a PMD charger are a buck 

converter, an HB LLC resonant converter, and a power fac-

tor correction (PFC) boost converter. Furthermore, a load 

is linked to the buck converter's output stage, and a single-

phase grid source and a diode rectifier are connected to the 

PFC boost converter's input stage. First, the diode rectifier 

rectifies the voltage (Vrec), which the PFC boost converter 

then uses to adjust the output voltage (VHigh) to 400 V. 

Additionally, it carries out PFC by balancing the single-

phase grid source's voltage (vg) and current (ig). The TI 

control IC UCC28180 was utilized for this purpose in order 

to control voltage and current. Second, the HB LLC reso-

nant converter features a diode rectifier, a transformer that 

electrically divides the battery from the single-phase grid 

supply, and two power semiconductor switches (SAN and 

SAP). With duty ratios of 0.5, the SAP and SAN operate in 

complimentary switching states to generate the transform-

er's primary side voltage (vpri), while the turn-ratio lowers 

the secondary side voltage (vsec). With a fixed switching 

frequency, it operated in an open loop. Furthermore, the di-

ode rectifier produces an output voltage (VLLC) for the HB 

LLC resonant converter. In conclusion, the buck converter 

is made up of a power 
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Fig 5. Control block diagram of the proposed MPC method 

for the battery charger 

semiconductor switch (Sbuck), a Schottky diode (Dbuck), 

and a resistor rather than a battery is used as the load linked 

to the buck converter. The battery charger's output voltage 

(Vout) is widely controlled by the buck converter. 

B. BUCK CONVERTER OPERATION PRINCIPLE 

  

The buck converter's comparable operational circuit in a 

steady state is displayed in Fig. 2. It is separated into two 

modes, Mode 1 and Mode 2, based on Sbuck's switching 

status. Sbuck is in the ON state and VLLC is applied to 

Dbuck in Mode 1, as seen in Fig. 2(a). The difference be-

tween VLLC and Vout is the voltage (vL,buck) applied to 

the inductor, which raises the inductor current (iL,buck). 

Additionally, Sbuck is in the OFF state and blocks VLLC 

in Mode 2, as seen in Fig. 2(b). vL,buck is -Vout, which 

lowers iL,buck. The voltage and current waveforms based 

on the buck converter's switching state are displayed in Fig. 

3. The Sbuck switching state is altered from the ON state 

to the OFF state in Fig. 3(a).  

throughout a Tsamp control period. Furthermore, (1) ex-

presses the Sbuck switching time between the ON and OFF 

states.  

𝑇𝑜𝑁 = 𝐷𝐵𝐴𝑇𝑇𝑠𝑎𝑚𝑝,  

𝑇𝑂𝐹𝐹 = (1 − 𝐷𝐵𝐴𝑇)𝑇𝑠𝑎𝑚𝑝,       (1)  

Where 𝐷𝐵𝐴𝑇 is the duty ratio of 𝑆𝑏𝑢𝑐𝑘 

where DBAT is Sbuck's duty ratio.   

The voltage provided to the Dbuck during TON and TOFF 

is VLLC and 0 correspondingly, as seen in Fig. 3(b). 

Furthermore, the voltage delivered to the Lbuck during 

TON and TOFF is VLLC–Vout and –Vout, respectively, as 

seen in Fig. 3(c). Therefore, based on Modes 1 and 2, they 

are stated as in (2) and (3). 

𝑉𝐷,𝑏𝑢𝑐𝑘 = {
𝑉𝐿𝐿𝐶      (𝑤ℎ𝑒𝑛 𝑚𝑜𝑑𝑒 1),                          

0                (𝑤ℎ𝑒𝑛 𝑚𝑜𝑑𝑒).                           
  (2) 

TABLE 1. Simulation parameters. 

 

 

Fig 6. Simulation results of operation principle of the bat-

tery charger for PMDs. (a) voltage of single-phase grid 

source. (c) output voltage of the HB LLC resonant con-

verter (e) output current of the battery charger (f) output 

voltage of the battery charger. 

    

𝑣𝐿,𝑏𝑢𝑐𝑘 = {
𝑉𝐿𝐿𝐶 − 𝑉𝑜𝑢𝑡       (𝑤ℎ𝑒𝑛 𝑚𝑜𝑑𝑒 1),

−𝑉𝑜𝑢𝑡  (𝑤ℎ𝑒𝑛 𝑚𝑜𝑑𝑒 2).                            
    (3) 

 The magnitude of the vL,buck in Fig. 3(d) affects iL,buck. 

In Mode 1, when the vL,buck has a positive magnitude dur-

ing TON, the iL,buck increases; in Mode 2, when the 

vL,buck has a negative magnitude during TOFF, the 
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iL,buck decreases.  

The buck converter's inductor voltage is represented in (4). 

𝑉𝐿,𝑏𝑢𝑐𝑘 = 𝐿𝑏𝑢𝑐𝑘
𝑑𝑖𝐿,𝑏𝑢𝑐𝑘

𝑑𝑡
,  

𝑑𝑖𝐿,𝑏𝑢𝑐𝑘 =
𝑣𝐿,𝑏𝑢𝑐𝑘

𝐿𝑏𝑢𝑐𝑘
𝑑𝑡.            (4)    

The variation of 𝑖𝐿,𝑏𝑢𝑐𝑘 is expressed as in (5). 

∆𝑖𝐿,𝑏𝑢𝑐𝑘 =
𝑇𝑠𝑎𝑚𝑝

𝐿𝑏𝑢𝑐𝑘
𝑣𝐿,𝑏𝑢𝑐𝑘.       (5)                                              

 

Fig 7. Simulation results of the output voltage control of the 

charger using the PI controller. (a) Reference voltage is 

changed between 24V and 36V.(b) Expanded waveform. 

From (1), (3), and (5), the variation of iL,buck depending 

on TON and TOFF are expressed as in (6). 

 

∆𝑖𝐿,𝑂𝑁 = (
𝑇𝑂𝑁

𝐿𝑏𝑢𝑐𝑘
) (𝑉𝐿𝐿𝐶 − 𝑉𝑜𝑢𝑡)                       

             =  (
𝐷𝐵𝐴𝑇𝑇𝑠𝑎𝑚𝑝

𝐿𝑏𝑢𝑐𝑘
) (𝑉𝐿𝐿𝐶 − 𝑉𝑜𝑢𝑡),   

∆𝑖𝐿,𝑂𝐹𝐹 = (
𝑇𝑂𝐹𝐹

𝐿𝑏𝑢𝑐𝑘
)   (0 − 𝑉𝑜𝑢𝑡)   

              = (
(1−𝐷𝐵𝐴𝑇)𝑇𝑠𝑎𝑚𝑝

𝐿𝑏𝑢𝑐𝑘
) (𝑉𝐿𝐿𝐶−𝑉𝑜𝑢𝑡.)    (6)   

 

III. THE SUGGESTED BATTERY CHARGER MPC 

METHOD   

A. BUCK CONVERTER PREDICTIVE MODELING 

  

The circuit layout used to achieve the Vout variation is 

shown in Fig. 4. When Kirchhoff's current rule is applied 

to the node (a) in Fig. 4, iL,buck is stated as in (7). 

𝑖𝐿,𝑏𝑢𝑐𝑘 = 𝑖𝐶 + 𝐼𝑜𝑢𝑡 = 𝐶𝑏𝑢𝑐𝑘
𝑑𝑉𝑜𝑢𝑡

𝑑𝑡
  + 𝐼𝑜𝑢𝑡,    (7)          where 

Iout is the current entering the load and iC is the current 

entering the buck converter's capacitor (Cbuck).  

The fluctuation of Vout is computed from (7) as shown in 

(8). 

𝑑𝑉𝑜𝑢𝑡

𝑑𝑡
=

∆𝑉𝑜𝑢𝑡

𝑇𝑠𝑎𝑚𝑝
=

1

𝐶𝑏𝑢𝑐𝑘
(𝑖𝐿,𝑏𝑢𝑐𝑘 − 𝐼𝑜𝑢𝑡),  

∆𝑉𝑜𝑢𝑡 =
𝑇𝑠𝑎𝑚𝑝

𝑇𝑠𝑎𝑚𝑝
= (𝑖𝐿,𝑏𝑢𝑐𝑘 − 𝐼𝑜𝑢𝑡),= 

𝑇𝑠𝑎𝑚𝑝

𝑇𝑠𝑎𝑚𝑝
(𝑖𝐿,𝑏𝑢𝑐𝑘 −

𝑉𝑜𝑢𝑡

𝑍𝑜𝑢𝑡
),

   (8) 

 

Fig 8. Simulation results of the output voltage control of the 

battery charger using the proposed MPC method. (a) Ref-

erence voltage is changed between 24V and 36. (b) Ex-

panded waveform. 

where Z out is the impedance of the load. Additionally, 

1Vout can be rewritten as in (9). 

http://www.ijsrem.com/
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∆𝑉𝑜𝑢𝑡 ≅ 𝑉𝑜𝑢𝑡,𝑘 − 𝑉𝑜𝑢𝑡,𝑘 − 1 =
𝑇𝑠𝑎𝑚𝑝

𝐶𝑏𝑢𝑐𝑘
(𝑖𝐿,𝑏𝑢𝑐𝑘 −

𝑉𝑜𝑢𝑡

𝑍𝑜𝑢𝑡
) 

      (9) 

where the voltages in the current and preceding control pe-

riods are denoted by Vout,k and Vout,k−1, respectively. 

Consequently, Zout can be approximated from (9), as 

shown in  

𝑍𝑜𝑢𝑡 =
𝑉𝑜𝑢𝑡

𝑖𝐿,𝑏𝑢𝑐𝑘−(
𝐶𝑏𝑢𝑐𝑘
𝑇𝑠𝑎𝑚𝑝

)(𝑉𝑜𝑢𝑡,𝑘−𝑉𝑜𝑢𝑡,𝑘−1)
  (10) 

Furthermore, the battery charger's output power during the 

current control period is represented in (11).  

𝑃𝑜𝑢𝑡,𝑘 = 𝑉𝑜𝑢𝑡,𝑘𝑖𝐿,𝑏𝑢𝑐𝑘,
    (11) 

The output power for the subsequent control period is com-

puted as shown in (12) using the modification of the Vout 

and IL, buck. 

𝑃𝑜𝑢𝑡,𝑘+1=(𝑉𝑜𝑢𝑡,𝑘 + ∆𝑉𝑜𝑢𝑡)(𝑖𝐿,𝑏𝑢𝑐𝑘 + ∆𝑖𝐿,𝑏𝑢𝑐𝑘)  

     =𝑉𝑜𝑢𝑡,𝑘𝑖𝐿,𝑏𝑢𝑐𝑘 + 𝑉𝑜𝑢𝑡,𝑘∆𝑖𝐿,𝑏𝑢𝑐𝑘  

   +∆𝑉𝑜𝑢𝑡,𝑘𝑖𝐿,𝑏𝑢𝑐𝑘 + ∆𝑉𝑜𝑢𝑡,𝑘∆𝑖𝐿,𝑏𝑢𝑐𝑘 (12) 

B. THE SUGGESTED MPC METHOD   

The control block design for the suggested MPC approach 

for the battery charger is displayed in Fig. 5. It is divided 

into three categories: predictive modelling, PI-based volt-

age controller, and the suggested MPC technique. The ref-

erence inductor current (iL,buck,ref) can be computed in 

the PI-based voltage controller, and Vout is controlled to 

the reference output voltage (Vout,ref). Zout and 1Vout are 

computed in the predictive modelling as shown in (10) and 

(8). Furthermore, 1iL,ON and 1iL,OFF are computed using 

(6). Lastly, Pout,k+1 as in (12) can be rewritten as in (13) 

using the suggested MPC approach. 

𝑃𝑜𝑢𝑡,𝑘+1 = 𝑃𝑜𝑢𝑡,𝑘 + ∆𝑃𝑜𝑢𝑡,   (13) 

 

where 1Pout is the battery charger's output power fluctua-

tion. 1Pout is computed as in (14) by converting (12) into 

(13). 

∆𝑃𝑂𝑁 = 𝑉𝑜𝑢𝑡∆𝑖𝐿,𝑂𝑁 + ∆𝑉𝑜𝑢𝑡𝑖𝐿,𝑏𝑢𝑐𝑘 + ∆𝑉𝑜𝑢𝑡∆𝑖𝐿,𝑂𝑁,  

∆𝑃𝑂𝐹𝐹 = 𝑉𝑜𝑢𝑡∆𝑖𝐿,𝑏𝑢𝑐𝑘 + ∆𝑉𝑜𝑢𝑡∆𝑖𝐿,𝑂𝐹𝐹.           (15) 

Furthermore, as shown in (16), the slope of the 1PON and 

1POFF is computed. 

∆𝑃𝑂𝑁,𝑠𝑙𝑜𝑝𝑒 =
𝑉𝑜𝑢𝑡∆𝑖𝐿,𝑂𝑁+∆𝑉𝑜𝑢𝑡𝑖𝐿,𝑏𝑢𝑐𝑘+∆𝑉𝑜𝑢𝑡∆𝑖𝐿,𝑂𝑁

𝑇𝑂𝑁
, (16) 

∆𝑃𝑂𝐹𝐹,𝑠𝑙𝑜𝑝𝑒 =
𝑉𝑜𝑢𝑡∆𝑖𝐿,𝑂𝐹𝐹+∆𝑉𝑜𝑢𝑡𝑖𝐿,𝑏𝑢𝑐𝑘+∆𝑉𝑜𝑢𝑡∆𝑖𝐿,𝑂𝐹𝐹

𝑇𝑂𝐹𝐹
   

The calculation of Pout,k+1 can be done by taking into ac-

count that 1Pout depends on TON and TOFF during a con-

trol period (17). 

𝑃𝑜𝑢𝑡,𝑘+1 = 𝑃𝑜𝑢𝑡,𝑘 + ∆𝑃𝑂𝑁,𝑠𝑙𝑜𝑝𝑒𝑇𝑂𝑁 + ∆𝑃𝑂𝐹𝐹,𝑠𝑙𝑜𝑝𝑒𝑇𝑂𝐹𝐹                                          

(17) 

Applying (1) into (17), Pout,k+1 is calculated as in (18). 

𝑃𝑜𝑢𝑡,𝑘+1 = 𝑃𝑜𝑢𝑡,𝑘 + ∆𝑃𝑂𝑁,𝑠𝑙𝑜𝑝𝑒𝐷𝐵𝐴𝑇𝑇𝑠𝑎𝑚𝑝 +

∆𝑃𝑂𝐹𝐹,𝑠𝑙𝑜𝑝𝑒(1 − 𝐷𝐵𝐴𝑇)𝑇𝑠𝑎𝑚𝑝.                         (18) 

The cost function in the suggested MPC approach is speci-

fied as in (19) with the output power error. The parameters 

used in the cost function are obtained through predictive 

modelling using the parameters of the system design as per 

system prerequisites. Tsamp as in (1), Lbuck as in (6), and 

Cbuck as in (9), are among the system requirements.  

𝑃𝑒𝑟𝑟 = 𝑃𝑟𝑒𝑓 − 𝑃𝑜𝑢𝑡,𝑘+1  

= 𝑃𝑟𝑒𝑓 − 𝑃𝑜𝑢𝑡,𝑘 − ∆𝑃𝑂𝑁,𝑠𝑙𝑜𝑝𝑒𝐷𝐵𝐴𝑇𝑇𝑠𝑎𝑚𝑝  

−∆𝑃𝑂𝐹𝐹,𝑠𝑙𝑜𝑝𝑒(1 − 𝐷𝐵𝐴𝑇)𝑇𝑠𝑎𝑚𝑝,                  

                                                           (19) 

 

where Pref is the reference output power, which is expressed 

as in (20). 

𝑃𝑟𝑒𝑓 = 𝑉𝑜𝑢𝑡,𝑟𝑒𝑓𝑖𝐿,𝑏𝑢𝑐𝑘,𝑟𝑒𝑓,   (20) 

𝑃𝑟𝑒𝑓 − 𝑃𝑜𝑢𝑡,𝑘 = ∆𝑃𝑂𝑁,𝑠𝑙𝑜𝑝𝑒𝐷𝐵𝐴𝑇𝑇𝑠𝑎𝑚𝑝 + ∆𝑃𝑂𝐹𝐹,𝑠𝑙𝑜𝑝𝑒(1 −

𝐷𝐵𝐴𝑇)𝑇𝑠𝑎𝑚𝑝,             (21) 

 

Consequently, DBAT, the duty ratio of Sbuck, can be com-

puted using the suggested MPC approach as shown in (22). 

 

𝐷𝐵𝐴𝑇 =
𝑃𝑟𝑒𝑓−𝑃𝑜𝑢𝑡,𝑘−∆𝑃𝑂𝐹𝐹,𝑠𝑙𝑜𝑝𝑒𝐷𝐵𝐴𝑇𝑇𝑠𝑎𝑚𝑝

(∆𝑃𝑂𝑁,𝑠𝑙𝑜𝑝𝑒−∆𝑃𝑂𝐹𝐹,𝑠𝑙𝑜𝑝𝑒)𝑇𝑠𝑎𝑚𝑝
.    

 

(22) 

IV. RESULTS OF SIMULATION   

To demonstrate the effectiveness of the suggested MPC ap-

proach for the battery charger, simulations were run in this 

work.   

Table 1 contains a list of the simulation parameters. The 

control period is set to 12.5 µs, while the switching fre-

quency is set to 80 kHz. The simulation results of the bat-

tery charger for PMDs' operating principles are displayed 

in Fig. 6. Figures 6(a) and (b) demonstrate that the vg and 

ig, as well as their phase, are equivalent through the  PFC 

boost converter. Furthermore, as illustrated in Fig. 6(c), the 

PFC boost converter regulates VHigh to 400 V. The VLLC, 
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which is 100 V, is depicted in Fig. 6(d). Lastly, Iout and 

Vout are set to 12 A and 36 V, respectively, as seen in Figs. 

6(e) and (f). The simulation results of the battery charger's 

output voltage control utilizing the PI control are displayed 

in Fig. 7. Figure 7 Additionally, Vout,ref is modified from 

24 V to 36 V at 0.3 s to 24 V from 36 V at 0.5 s. The PI 

controller is used to control Vout to Vout,ref. Taking into 

account the switching frequency, the PI-based current and 

voltage controller's bandwidth is set to 3000 Hz and 150 

Hz, respectively, in these simulation results. Consequently, 

the voltage controller's proportional and integral gains were 

0.132 and 9.4, while the current controller's were 0.369 and 

783.  In the transient condition, the settling time of Vout to 

reach 36 V is roughly 40 ms, as seen in the extended wave-

form in Fig. 7(b).  

The simulation results of the battery charger's output volt-

age control utilizing the suggested MPC method are dis-

played in Fig. 8. The scenario is the same as that in Fig. 7, 

and the suggested MPC method is used to control Vout to 

Vout,ref. The settling time of Vout to reach 36 V in the 

transient state is roughly 9 ms, as seen in Fig. 8(b), which 

is an enlarged waveform. It was confirmed that the battery 

charger's dynamic characteristic has improved by around 

four times when compared to Fig. 7(b).  

V. Working of ANN:  

To validate the effectiveness of the proposed Artificial 

Neural Network (ANN)-based control strategy for the bat-

tery charger, comprehensive simulations were conducted. 

The system simulation parameters are summarized in Table 

1. The control sampling period was set to 12.5 µs, and the 

switching frequency was maintained at 80 kHz. 

The performance of the battery charger under the operating 

conditions of Personal Mobility Devices (PMDs) is 

demonstrated in Fig. 9. As shown in Figs. 9(a) and 9(b), the 

input voltage (vg) and current (ig) are in phase, confirming 

power factor correction (PFC) behavior through the boost 

converter. Moreover, Fig. 9(c) indicates that the PFC boost 

converter successfully regulates the intermediate high volt-

age (VHigh) to 400 V. The LLC converter output, VLLC, 

stabilized at 100 V, is illustrated in Fig. 9(d). The final out-

put voltage (Vout) and current (Iout) are regulated at 36 V 

and 12 A, respectively, as shown in Figs. 9(e) and 9(f). 

To improve dynamic performance, an ANN-based control-

ler is employed to regulate Vout in accordance with the ref-

erence voltage (Vout,ref), which is modified from 24 V to 

36 V at 0.3 s, and then returned to 24 V at 0.5 s. The ANN 

model is trained using historical system behavior, enabling 

it to anticipate and respond rapidly to voltage deviations 

without requiring explicit system modeling or traditional 

gain tuning. 

Unlike conventional PI control, the ANN effectively cap-

tures system non-linearities and load dynamics. As a result, 

Vout reaches 36 V within approximately 6 ms during the 

transient condition, as depicted in the magnified waveform 

in Fig. 10(b). This demonstrates a significant enhancement 

in response speed and robustness compared to traditional 

control techniques. 

Overall, the ANN-enhanced battery charger exhibits im-

proved adaptability, reduced settling time, and better dy-

namic voltage regulation, making it a promising candidate 

for real-time applications in electric mobility systems. 
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Fig 9. Simulation results of the output voltage control of the charger using the ANN controller. (a) Reference voltage is 

changed between 24V and 36V.(b) Expanded waveform. 

 

 

Fig 10. Simulation results of the output voltage control of the battery charger using the proposed ANN method. (a) Ref-

erence voltage is changed between 24V and 36. (b) Expanded waveform. 

 

 

 

Fig 11. ANN-Based Control Simulation of a Buck Converter for Battery Charging 
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Fig 12. Simulation Model Using Artificial Neural Network for Real-Time Control of Battery Charger

 

VI CONCLUSION   

This study proposes the use of Artificial Neural Networks 

(ANN) to improve the dynamic characteristics of battery 

chargers used in Personal Mobility Devices (PMDs). Com-

mon examples of PMDs include electric scooters, electric 

bikes, and electric skateboards, all of which rely on effi-

cient battery charging systems. Traditionally, the output 

voltage of a battery charger is regulated using a Propor-

tional-Integral (PI) controller. However, for improved dy-

namic response, the PI controller requires precise gain tun-

ing, which can be challenging under varying load and sys-

tem conditions. 

To overcome these limitations, an ANN-based control 

strategy is introduced to regulate the battery charger’s out-

put voltage. The ANN model is designed to learn the non-

linear behavior of the charging system and adaptively ad-

just the control output in real time, thereby enhancing tran-

sient response and minimizing steady-state error. Unlike 

conventional control methods, the ANN approach does not 

rely on fixed parameters, making it more suitable for dy-

namic environments. 

Additionally, the proposed ANN controller demonstrates 

robust performance in the presence of modeling inaccu-

racies and parameter variations, which are often encoun-

tered in practical scenarios. The effectiveness of the ANN-

based control strategy is validated through detailed simu-

lation results, which show significant improvements in 

voltage regulation and overall system stability compared to 

traditional PI control. These results confirm the potential of 

ANN as an intelligent and adaptive solution for battery 

charger control in PMDs. 
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