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 More$ adaptable$ charging me$thods are$ re$quire$d as a re$sult of the$ growing 

varie$ty of e$le$ctronic gadge$ts that use$ re$charge$able$ batte$rie$s brought about 

by te$chnological advance$me$nts. Whe$n trying to charge$ diffe$re$nt batte$ry 

type$s with a same$ charge$r, diffe$re$nce$s in batte$ry parame$te$rs, like$ voltage$ 

and capacity, pre$se$nt difficultie$s. This study sugge$sts an adaptive$ charging 

syste$m that can charge$ se$ve$ral batte$ry type$s using a single$ port conne$ction 

in orde$r to solve$ this proble$m. To transform a 24 V DC input into an output 

voltage$ appropriate$ for the$ particular batte$ry re$quire$me$nts, the$ syste$m use$s 

a SE$PIC conve$rte$r whose$ duty cycle$ is controlle$d by a microproce$ssor. 

The$ duty cycle$ rise$s until a spe$cific curre$nt le$ve$l is me$asure$d whe$n a 

batte$ry is attache$d and the$ limit switch is activate$d. The$ me$asure$d voltage$ 

and curre$nt data are$ the$n proce$sse$d by an Artificial Ne$ural Ne$twork 

(ANN) algorithm to de$te$rmine$ the$ batte$ry type$ and se$t the$ appropriate$ 

charging voltage$ se$tpoint. Afte$r that, a PID controlle$r is use$d to ke$e$p the$ 

charging conditions ste$ady. LiFe$PO4 (12.8 V, se$tpoint 14.6 V), Li-ion 

(14.8 V, se$tpoint 16.8 V), and Le$ad Acid (12 V, se$tpoint 14.4 V) batte$rie$s 

we$re$ use$d to te$st the$ syste$m. The$ syste$m succe$ssfully charge$d all thre$e$ 

batte$ry type$s with an ave$rage$ e$rror of 0.174%, according to e$xpe$rime$ntal 

findings, de$monstrating pre$cise$ and re$liable$ control pe$rformance$. 
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1. INTRODUCTION 

Batte$ry Batte$ry charging is the$ proce$ss of charging a batte$ry until it re$ache$s the$ voltage$ spe$cifie$d 

in the$ batte$ry's datashe$e$t. Ge$ne$rally, the$ batte$ry charging proce$ss re$quire$s an e$xte$rnal powe$r source$, 

but in this study, a 24 VDC powe$r supply was use$d [1]. 

The$ incre$asingly dive$rse$ te$chnology of re$charge$able$ e$le$ctronic de$vice$s re$quire$s fle$xible$ charging 

syste$ms. Batte$rie$s use$d in e$le$ctronic de$vice$s have$ limite$d storage$ capacity; the$re$fore$, if the$ir capacity 

de$cre$ase$s, the$y must be$ re$charge$d imme$diate$ly for the$ de$vice$ to ope$rate$ prope$rly. Typically, e$ach 

batte$ry has a de$dicate$d charge$r tailore$d to its characte$ristics and spe$cifications. Howe$ve$r, a proble$m 

arise$s whe$n a single$ charge$r must be$ use$d for multiple$ de$vice$s with diffe$re$nt batte$ry spe$cifications. 

This can pose$ a risk of ove$rcharging, pote$ntially affe$cting batte$ry life$span [5]. 

Give$n the$se$ issue$s, a fle$xible$ batte$ry charging syste$m that can ope$rate$ at various batte$ry voltage$s 

is ne$e$de$d [6]. Be$cause$ conve$ntional batte$ry charging syste$ms are$ de$signe$d for a single$ type$ of batte$ry, 

the$y usually do not de$te$ct the$ type$ of batte$ry be$ing charge$d. The$re$fore$, this adaptive$ batte$ry charging 
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syste$m use$s an Artificial Ne$ural Ne$twork (ANN) te$chnique$ to de$te$rmine$ the$ batte$ry type$ and PID 

(Proportional-Inte$gral-De$rivative$) control to pe$rform the$ charging proce$ss [4]. 

The$ first ste$ps in this adaptive$ charging syste$m are$ batte$ry type$ ide$ntification, charging se$tpoint 

voltage$ de$te$rmination, and charging proce$ss stabilization. In this study, the$ input voltage$ from a 24 V 

DC powe$r source$ was conve$rte$d to an output voltage$ that satisfie$s the$ re$quire$me$nts of the$ batte$ry using 

a SE$PIC Conve$rte$r (Single$-E$nde$d Primary Inductor Conve$rte$r) acting as a DC-DC conve$rte$r. Be$cause$ 

it can adjust the$ voltage$ as ne$e$de$d, the$ SE$PIC Conve$rte$r has an advantage$ ove$r buck or boost conve$rte$rs 

[7]. 

Constant Voltage$ (CV) is the$ charging te$chnique$ that is e$mploye$d be$cause$ of its straightforward 

circuitry and controllability [8]. The$ charging voltage$ can be$ stabilize$d in accordance$ with the$ se$tpoint 

voltage$ e$stablishe$d by the$ ANN through the$ use$ of PID control with a fe$e$dback me$chanism [9] to 

maintain a consiste$nt output voltage$. 

 

2. RESEARCH METHOD  

A se$pic conve$rte$r with an artificial ne$ural ne$twork and proportional, inte$gral, and de$rivative$ 

control make$s up this re$se$arch syste$m, which can charge$ a varie$ty of batte$ry type$s with a single$ 

conve$rte$r output. In this study, thre$e$ distinct batte$ry type$s with diffe$ring capacitie$s and voltage$s we$re$ 

use$d: Life$PO4, Li-ion, and le$ad acid batte$rie$s. Be$low is a block sche$matic of the$ syste$m as it appe$ars 

in Figure 1. Se$ve$ral charging voltage$ le$ve$ls are$ available$ in this adaptive$ charging syste$m, de$pe$nding 

on the$ load re$quire$me$nts as de$te$rmine$d by se$nsor inputs. 

 

Figure 1. Block diagram syste$m 

According to Figure 1, the$ syste$m ope$rate$s using a 24 V DC source$, which de$live$rs powe$r to the$ 

SE$PIC conve$rte$r be$fore$ be$ing dire$cte$d to the$ batte$ry load. During the$ charging proce$ss of a LiFe$PO4 

batte$ry, the$ voltage$ and curre$nt value$s are$ monitore$d through se$nsor me$asure$me$nts. The$ Artificial 

Ne$ural Ne$twork (ANN) the$n ide$ntifie$s the$ batte$ry type$ and provide$s the$ appropriate$ se$tpoint. 

Subse$que$ntly, the$ PID controlle$r adjusts the$ duty cycle$ through the$ switching drive$r to re$gulate$ the$ 

conve$rte$r ope$ration, e$nsuring the$ output voltage$ matche$s the$ re$quire$d charging se$tpoint. 

2.1. Design of Sepic Converter 

The$ e$volution of the$ buck-boost topology le$d to the$ cre$ation of the$ SE$PIC (Single$-E$nde$d Primary 

Inductor Conve$rte$r) kind of DC-DC conve$rte$r. The$ output voltage$ can be$ gre$ate$r or lowe$r than the$ 

input voltage$ by using this conve$rte$r to ste$p up or ste$p down the$ voltage$. Be$cause$ SE$PIC ke$e$ps the$ 

output voltage$ polarity positive$, unlike$ traditional buck-boost, it is safe$r and more$ adaptable$ for usage$ 

in a varie$ty of applications, including powe$r supplie$s with variable$ voltage$ source$s and batte$ry charging 
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syste$ms [12]. A 24 V DC source$ input voltage$ was use$d in this inve$stigation. Figure$ 2 shows the$ se$pic 

conve$rte$r's basic circuit.  

 

Figure 2. Se$pic Conve$rte$r Circuit 

𝑉𝑜 =  
𝑉𝑜

𝑉𝑖𝑛+ 𝑉𝑜
              (1) 

 

∆𝐼𝐿 = 20% 𝑥 𝐼𝑖𝑛             (2) 

 

𝐿 =  
𝑉𝑖𝑛 𝑥 𝐷

∆𝐼𝐿 𝑥 𝐹
              (3) 

 

∆𝑉𝑜 = 1% 𝑥 𝑉𝑜             (4) 

 

𝑅 =  
𝑉𝑜

𝐼𝑜
               (5) 

 

𝐶 = (
𝑉𝑜 𝑥 𝐷

𝑅 𝑥 ∆𝑉𝑜 𝑥 𝐹
)             (6) 

Note$ : 

Vin : Input Voltage$   (V) 

Vo : Output Voltage$   (V) 

Iin : Input Curre$nt   (A) 

R : Re$sistance$ Output  (Ω) 

L : Inductance$ Value$   (uH) 

C : Capasitance$ Value$   (uF) 

D : Duty Cycle$ 

F : Fre$que$ncy   (Hz) 

∆𝑉𝑜 : Forward Re$ve$rse$   (V) 

∆iL : Ripple$  Curre$nt  (A) 

Table 1. Parame$te$rs de$sign of Se$pic Conve$rte$r 

Parameters Symbol Value Units 

Input Voltage$ Vin 24 V 

Output Voltage$ Vo 16.8 V 

Fre$que$ncy F 40 kHz 

Inductor L 256 uH 

Capasitor C 2200 uF 

Ripple$ Curre$nt ∆iL 0.88 A 

The$ Se$pic conve$rte$r's parame$te$r de$sign is shown in Table 1, afte$r which a Powe$rSIM simulation 

circuit is cre$ate$d. Afte$r that, use$ e$quation 1 to make$ calculations. Be$cause$ the$ batte$ry voltage$ 

re$quire$me$nts of 14.6 V, 14.4 V, and 16.8 V have$ be$e$n adjuste$d, the$re$ are$ thre$e$ duty cycle$ calculations. 

The$ duty cycle$ of e$ach load is 30.7%, 40.4%, and 47.19% if Vin is take$n to be$ stable$ at 24 V base$d on 

the$ ope$n loop simulation.  
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The$ ope$n-loop re$sponse$ of the$ Se$pic conve$rte$r is te$ste$d using this simulation. It is e$vide$nt from 

Figure 3's ope$n-loop Se$pic conve$rte$r simulation re$sults that the$re$ is ste$ady-state$ inaccuracy and voltage$ 

ove$rshoot. A straight line$ indicate$s the$ output voltage$, whe$re$as a dotte$d line$ indicate$s the$ se$tpoint 

value$. Table 2 displays more$ spe$cific information. 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Simulation curve$ of se$pic conve$rte$r with load variation : (a) Life$PO4 with duty cycle$ 30.7%, (b) Le$ad 

Acid with duty cycle$ 40.4% and (c) Li – ion with duty cycle$ 47.19% 

V (v) 

t (s) 

V (v) 

t (s) 

t (s) 

V (v) 

Ste$ady State$ 14.76 V 

Ste$ady State$ 14.78 V 

Ste$ady State$ 17.89 V 
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The$ compre$he$nsive$ simulation re$sults for batte$ry improve$me$nts base$d on the$ ope$n-loop se$pic 

conve$rte$r simulation's findings are$ shown in Table 2. displays the$ thorough simulation re$sults for 

batte$ry modifications base$d on the$ findings of the$ ope$n-loop se$pic conve$rte$r simulation. The$ thre$e$ duty 

cycle$ variations have$ be$e$n adjuste$d to the$ se$tpoints of the$ thre$e$ batte$ry type$s: Li-ion, Le$ad Acid, and 

Life$PO4. 

Table 2. Se$pic Conve$rte$r simulation ope$n loop re$sult 

 
 

Base$d on the$ statistics in Table 2, the$ ave$rage$ ope$n-loop voltage$ output e$rror for the$ thre$e$ batte$rie$s 

is 3.92%. The$ Li-ion batte$ry type$ has the$ highe$st e$rror value$, me$asuring 16.8 volts with an e$rror value$ 

of 6.09%. Control is the$re$fore$ ne$ce$ssary for the$ se$pic conve$rte$r to re$ach the$ batte$ry's se$tpoint in orde$r 

to ke$e$p the$ output voltage$ of the$ conve$rte$r at the$ se$tpoint value$. 

 

2.2. Design of ANN-PID Controller 

The$ control strate$gy in this adaptive$ charging study combine$s ANN and PID controlle$rs. The$ PID 

controlle$r use$s an artificial ne$ural ne$twork (ANN) to compute$ the$ charging se$tpoint voltage$ value$.  It 

is note$worthy that artificial ne$ural ne$tworks can tackle$ proble$ms of diffe$re$nt type$s and inte$rpre$tations 

[10].  

Life$PO4 had a charging voltage$ of 14.6 V, Le$ad Acid had a charging voltage$ of 14.4 V, and Li-

ion had a charging voltage$ of 16.8 V. The$se$ thre$e$ type$s of batte$ry loads provide$d the$ training data for 

the$ charging voltage$ and charging curre$nt characte$ristics. In orde$r to modify the$ output voltage$ to match 

the$ de$te$cte$d batte$ry voltage$, which is 14.6 V, 14.4 V, and 16.8 V, an ANN targe$t—that is, the$ se$tpoint 

for e$ach batte$ry—is ne$ce$ssary be$cause$ the$se$ value$s change$. 

This study use$s a particular kind of ANN algorithm known as fe$e$d forward backpropagation. An 

ANN with two inputs (voltage$ and curre$nt), a first hidde$n laye$r (four ne$urons), and an output laye$r (one$ 

ne$uron) with a 208-ite$ration e$poch is de$picte$d in block diagram form in Figure 4. Logsig-tansig is the$ 

activation function that is e$mploye$d. In this study, the$ back-propagation ANN mode$l was traine$d using 

the$ Le$ve$nbe$rg-Marquardt le$arning strate$gy. Figure 5’s le$arning obje$ctive$s produce$d a re$gre$ssion value$ 

of 0.99998. 

 
Figure 4. NNTool training 
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Figure 5. Re$gre$si value$ NNTool 

The input layer, the hidden layer, and the output layer are the three primary parts of the 

backpropagation algorithm's architecture.  Without doing any calculations, the input layer's sole function 

is to receive the input signal and forward it to the hidden layer.  Weight and bias calculations take place 

in the output and hidden layers.  A particular activation function is used to determine the output of both 

layers [4]. Tansig is the activation function utilized in the layer 1 output of this ANN architecture. 

𝑇𝑎𝑛𝑠𝑖𝑔 (𝑛) =  
2

(1−𝑒𝑥𝑝=2𝑛)
− 1            (4) 

After obtaining the setpoint values from different types of batteries, the PID controller will next 

execute the ANN output for the constant voltage charging process. By calculating the setpoint error 

value in relation to the feedback value, the PID controller unifies three control systems: proportional 

control (P), integral control (I), and derivative control (D). Figure 6 shows the block diagram for the 

PID controller.  

 
Figure 6. Block diagram of a syste$m with PID controlle$r [11] 

Kp, ki, and kd de$sign value$s for PID control. 

𝐾𝑝 =  0.48102             (5) 

𝐾𝑖 =  21.2621             (6) 

𝐾𝑑 =  0.0113             (7) 

Note$ : 

Kp  : proportional gain 

Ki   : integral gain 
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Kd  : derivative$ gain 

 

3. RESULTS AND DISCUSSION 

Powe$rSimulation software$ was use$d to de$sign the$ simulation circuit for variable$ batte$ry charging 

that is shown in Figure 7. The$ thre$e$ batte$ry type$s utilize$d in this circuit are$ Li-ion batte$rie$s with a 

charging voltage$ of 14.4 V, Life$PO4 batte$rie$s with a se$tpoint voltage$ of 14.6 V, and Li-ion batte$rie$s 

with a se$tpoint voltage$ of 16.8 V. It consists of a circuit for a Se$pic conve$rte$r that is ANN-PID drive$n. 

 

Figure 7. Close$d-loop adaptive$ charging syste$m simulation circuit 

 
(a) 

 
(b) 

V (v) 

t (s) 

V (v) 

t (s) 

Ste$ady State$ 14.62 V 

Ste$ady State$ 14.39 V 
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(c) 

Figure 8. Adaptive$ charging with variable$ load using the$ ANN-PID me$thod (a) Life$PO4 Batte$ry, (b) Le$ad Acid 

Batte$ry and (c) Li-ion Batte$ry 

Figure 8 (a) shows the charging curve for a Lifepo4 battery with a setpoint of 14.6 volts, while 

Figure 8 (b) shows the charging curve for a Lead Acid battery with a setpoint of 14.4 volts, and Figure 

8 (c) shows the charging curve for a Li-ion battery with a setpoint of 16.8 volts.  

Table 3. ANN-PID output re$sult 

No Type of battery 

Setpoint 

Voltage 

(Volt) 

Output Voltage Error (%) 

1 Life$PO4 14.6 14.62 0.27 

2 Le$ad Acid 14.4 14.39 0.069 

3 Li-ion 16.8 16.77 0.178 

Averages error 0.174 

 

One$ of thre$e$ batte$ry type$s is linke$d to the$ SE$PIC conve$rte$r output, as shown in Figure 9. The$ 

ANN-PID control me$thod re$gulate$s the$ conve$rte$r's output voltage$ whe$n a LiFe$PO4 batte$ry is 

conne$cte$d. In orde$r to e$stablish the$ batte$ry status and the$ prope$r charging se$tpoint, which in this case$ 

is 14.6 V, the$ ANN analyze$s the$ me$asure$d voltage$ and curre$nt data. Afte$r comparing the$ fe$e$dback 

signal and the$ ANN-ge$ne$rate$d se$tpoint, the$ PID controlle$r de$te$rmine$s the$ e$rror and modifie$s the$ duty 

cycle$ until the$ fe$e$dback re$ache$s the$ targe$t value$. The$ othe$r batte$ry kinds, e$ach of which has a diffe$re$nt 

charging voltage$ se$tpoint, go through the$ same$ proce$ss. 

According to the$ pe$rformance$ e$valuation, which is shown in Table 4, the$re$ is ve$ry little$ diffe$re$nce$ 

be$twe$e$n the$ ANN output and the$ de$sire$d re$fe$re$nce$ data. The$ obse$rve$d inaccuracy for the$ LiFe$PO4 

batte$ry with a se$tpoint of 14.6 V is 0.27%. The$ e$rror for the$ Li-ion batte$ry at 16.8 V is 0.178%, whe$re$as 

the$ e$rror for the$ Le$ad Acid batte$ry at 14.4 V is 0.069%. The$ calculate$d ave$rage$ syste$m e$rror is 0.174% 

ove$rall. The$se$ findings show that the$ sugge$ste$d ANN-PID control approach provide$s gre$at pre$cision 

and stability in supporting the$ adaptive$ charging proce$ss. 

. 

4. CONCLUSION 

The$ re$sults of a numbe$r of e$xpe$rime$ntal te$sts ve$rify that the$ sugge$ste$d approach's application is in 

good agre$e$me$nt with e$arlie$r re$se$arch. The$ findings show that by e$xamining the$ voltage$ and curre$nt 

profile$s of thre$e$ distinct batte$ry type$s, The$y can be$ e$ffe$ctive$ly ide$ntifie$d by the$ Artificial Ne$ural 

Ne$twork (ANN) in combination with Proportional-Inte$gral-De$rivative$ (PID) control. The$ ANN-PID 

control te$chnique$ cre$ate$d in this work is quite$ appropriate$ for adaptive$ batte$ry charging applications, 

as se$e$n by the$ charging syste$m's ave$rage$ variance$ of just 0.174% be$twe$e$n its output and the$ de$sire$d 

se$tpoint. 

 

t (s) 

V (v) 
Ste$ady State$ 16.77 V 
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