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ABSTRACT 

 

The use of Automated Guided Vehicles (AGVs) has been instrumental in 

transitioning industries from traditional labor-based to automation. Lithium-ion 

batteries are the primary energy storage devices used in AGVs, owing to their 

higher energy density and longer cycle life compared to other types of cells 

(Fuqiang et al., 2019). However, the charging and discharging of these batteries 

require proper precautions to avoid affecting their performance and lifespan. 

This project aimed to develop a battery charging station for AGVs that are able 

to charge lithium-ion batteries optimally. Firstly, the main charger (DPS5015) 

was modified to enable autonomous control via an Arduino microcontroller. 

Next, the charging station incorporated the concept of the Internet of Things 

(IoT) by visualizing and storing the charging data on a web server named 

Cayenne. Additionally, the charger was equipped with a state-of-charge (SoC) 

estimator that utilized coulomb counting to estimate the battery's SoC. Upon 

completion, the battery charging station’s prototype proves its flexibility by 

performing constant current - constant voltage (CC-CV) charging at 0.2C (0.6A) 

termination criteria and multistage constant current (MSCC) charging profile at 

5.4A - 4.1A - 2.8A - 1.6A - 0.6A. Moreover, the IoT data management function 

by Cayenne stored thousands of charging data with no issues. On the other hand, 

the SoC estimator had an error of 7.16% when tested under the external 

discharging circuit. The accuracy of the SoC estimator was acceptable as most 

industrial SoC estimators were only able to indicate the SoC at 20% or 25% 

intervals. Finally, a comparison was made between CC-CV and MSCC charging 

profiles using hardware experimentation data obtained during the charging 

process, showing that both profiles have similar charging times, but MSCC 

charging is better for the battery's health. 
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CHAPTER 1 

 

1 INTRODUCTION 

 

1.1 General Introduction 

With the rise of Industry 4.0, many industries are transitioning from traditional 

labor-based operations to automation, and Automated Guided Vehicles (AGVs) 

have become a key component in this shift. AGVs are computer-operated load 

carriers that can move around a facility's floor without requiring an onboard 

operator or driver. They are widely used in factories to transport raw materials, 

support production lines, and sort parcels. While some AGVs can recharge 

themselves automatically, others require human assistance for battery swapping 

or charging.  

A battery charging station is where an AGV charges itself. Designing 

a battery charging station involves considerations of both mechanical design, 

the process of connecting the charging station's electrode to the battery, and 

electrical design, such as power control. 

Lithium-ion batteries are one of the main energy storage devices, it has 

been widely used in electric vehicle (EV), AGVs, medical devices, and more 

due to their advantages compared with other cells, such as higher energy density 

and longer cycle life (Fuqiang et al., 2019). Proper precautions must be 

considered when charging and discharging these batteries as they can affect their 

performance and lifespan. In this project, a battery charging station was 

designed to charge LiPo batteries, the charging station was equipped with 

advanced features such as automated charging current adjustment, State of 

Charge (SoC) estimation, and the ability to perform both CC-CV and MSCC 

charging profiles. Additionally, the charging station incorporates the Internet of 

Things (IoT) concept for efficient data management. 

 

1.2 Importance of the Study 

This project develops a highly flexible battery charging station that allows users 

to charge their batteries with adjustable parameters for faster charging, as well 

as the option to customize the charging profiles for different battery types. The 

charging station also includes SoC estimation, which is crucial for evaluating 
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battery health and benchmarking charger performance. Moreover, by having the 

SoC data, it provides the user with opportunities to explore different charging 

profiles for the battery. Additionally, the charging station incorporates IoT for 

data management, collecting and storing vast amounts of valuable data during 

the charging and discharging process such as charging and discharging voltage 

and current, as well as the SoC. These data are collected and stored in real time 

and can be used for data analysis or preventive maintenance. Overall, this 

charging station offers increased flexibility and efficiency for battery charging. 

 

1.3 Problem Statement 

The current battery charging station for AGV in UTAR has several limitations 

that need to be addressed. Firstly, the charging station requires manual operation 

before charging, the user is required to disconnect the charger from AGV and 

bring it to the charger for charging. Moreover, the charging station also requires 

manual configuration as users have to adjust the charging parameter manually 

before every charging and press the start button on the charger to initiate the 

charging process. These manual processes are not practical for applications with 

a large number of AGVs. Secondly, there is no SoC estimation to indicate the 

battery capacity percentage. Additionally, the current charger uses a fixed CC-

CV charging profile that cannot be changed, limiting its flexibility. Furthermore, 

the charger can only charge one battery pack at a time, while the reference 

AGVs used in the project require two battery packs. 

 

1.4 Aim and Objectives 

The aim of this project is to build a battery charging station for AGV and find 

the best charging profile for the battery.  

The objectives are to design and build the charging station with specific 

features such as autonomous charging parameter adjustment, SoC estimation 

function, and IoT data management, and to evaluate the charging performance 

of CC-CV and MSCC charging profiles using the developed charging station. 

 

1.5 Scope and Limitation of the Study 

The scope of this study consisted of the entire hardware and software design of 

the battery charging station which is equipped with IoT data management, 
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autonomous charging parameter adjustment, and SoC estimation function. 

Furthermore, the characteristics and performance of two charging profiles: CC-

CV and MSCC were studied to find the better charging profile for LiPo batteries. 

The limitation of the study was that there was no standard SoC 

estimator to compare the results for the SoC estimation of the designed charger 

with. Moreover, there was insufficient equipment to analyze the state-of-health 

(SoH) of the battery, thus the evaluation of the SoH could not be done. 

 

1.6 Contribution of the Study 

This project presents a complete battery charging station for AGVs that offers 

multiple useful functions during charging. The SoC estimator provides crucial 

information on the battery's percentage of charges left, allowing for better 

planning of the AGV workload. The autonomous charging parameter 

adjustment enables fully automated AGV charging processes, while IoT data 

management captures valuable data for analysis and preventive measures. 

Overall, the battery charging station's flexibility and ease of customization make 

it ideal for exploring different charging profiles in the future.  

Additionally, the study provides a comprehensive evaluation of CC-

CV and MSCC charging profiles based on real hardware experimentation, 

easing users to choose suitable charging profiles for their applications by 

judging from the actual data generated from the battery charging station itself. 

 

1.7 Outline of the Report 

Chapter 1 introduces the project by providing an overview of the battery 

charging station for AGV, including its purpose and importance. The chapter 

also discusses the aim, objectives, and problem statement of this project.  

Chapter 2 provides a literature review of existing research related to 

the mechanical aspects of battery charging stations for AGVs and the different 

charging profiles that can be used. The chapter presents a comprehensive 

overview of the advantages and disadvantages of different charging profiles. 

Chapter 3 outlines the methodology of this project, detailing how the 

battery charging station was built and how testing was performed. The chapter 

provides detailed instructions for each stage of the process, highlighting the 

electronic parts required and the key considerations to be taken into account. 



4 

Chapter 4 is divided into two sections. The first section presents the 

results and discussion of the performance of the battery charging station built. 

The chapter highlights the key features and functions of the charging station and 

discussed its performance in detail, including any issues that were encountered 

during testing. The second section presents the results and discussion of the CC-

CV and MSCC charging profiles. The chapter provides a detailed comparison 

of the two profiles based on the data generated during testing. 

Chapter 5 concludes the entire project, stating the findings of this 

project and its significance. The chapter provides a few recommendations that 

can be performed on the battery charging station in the future to further improve 

its performance. 
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CHAPTER 2 

 

2 LITERATURE REVIEW 

 

2.1 Introduction 

The development of a AGV charging station is divided into two sections which 

are the mechanical and electrical designs. These sections are crucial and work 

interconnected with each other. This literature review involves research of 

various alternatives and considerations that this project can or should adopt in 

order to build an AGV charging station that can solve the problems discussed in 

Section 1.3. 

 

2.2 Mechanical Design 

 

2.2.1 Contact and Contactless charging methods 

All AGV charger architectures can be divided into contact or contactless 

chargers. As shown in Figure 2.1, contact chargers are usually performed using 

extendable electrodes or retractable shields that connect the battery's terminal to 

the power supply, while contactless chargers involve inductive power 

transmission, where a magnetic field generated from the power supply induces 

electricity in the coil in the charging station as shown in Figure 2.2. 

 

Figure 2.1: Contact charging (Super User, n.d.) 
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Figure 2.2: Contactless charging (Super User, n.d.) 

 

2.2.2 Comparison between contact and contactless charging 

The advantages of contactless charging include its compact size as the main 

components are coils, which makes it more space-efficient compared to contact 

charging, which requires extruding contacts, plugs, or sliding mechanisms that 

would make the charging station larger. Furthermore, contactless charging is 

practically maintenance-free as there are no mechanical contacts and no moving 

parts, unlike contact charging. Additionally, contactless charging can supply 

power to different vehicle sizes and positions, as charging can be done as long 

as the vehicle is parked below the charging pad as illustrated in Figure 2.3 and 

Figure 2.4. As a result, AGVs can arrive at the charging station from all 

directions, making contactless charging more flexible and suitable for "In-

Process-Charging," which is a charging strategy that charges the AGV for a 

short duration while the AGV is waiting for a new mission (Super User, n.d.).  

However, contactless charging requires a high initial investment cost 

compared to contact charging, making it relatively unsuitable for small 

production factories. 
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Figure 2.3: Contact charging alignment (Super User, n.d.) 

 

 

Figure 2.4: Contactless charging alignment (Super User, n.d.) 

 

2.3 Electrical Design 

 

2.3.1 Battery Charger 

Figure 2.5 shows the basic battery charger block diagram. Generally, lithium-

ion battery chargers consist of a switching mode AC/DC converter to convert 

AC power from plug to suitable DC power and a DC/DC converter that helps to 

control the charging profile of the battery. 
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Figure 2.5: Basic battery charger block diagram 

 

2.3.2 AC/DC converter 

Most of the switching mode AC/DC converters consist of several similar basic 

electronics. Figure 2.6 shows the block diagram of the AC/DC converter, the 

HOT region represents the region with high voltage while the COLD region 

represents the region with lower voltage. At the HOT REGION (Input side), 

when AC power is supplied to the converter, it first passes through an EMI filter 

to eliminate any harmonics present in the input. The AC input is then rectified 

and filtered to convert it into unregulated DC. The DC source then goes through 

a power switch, which is controlled by feedback to turn on and off at a high 

frequency, thereby modifying the DC waveform into AC. The modified AC is 

then sent into the transformer. 

At the COLD REGION (Output side), the transformer steps down the 

voltage. A small filter is used to smooth and rectify the output. This rectification 

can be done with a simple filter because the output from the transformer consists 

of a high-frequency AC waveform. 

At the FEEDBACK region, the difference between the output voltage 

and reference voltage is amplified. An isolator is used to separate the HOT and 

COLD regions so that any electrical faults in the HOT region do not damage the 

appliances in the COLD region. The output from the error amplifier changes the 

PWM driver, which, in turn, changes the frequency of the switch in the HOT 

REGION (Analog, n.d.). To change the output voltage, the reference voltage 

connected to the feedback can be increased or decreased. This changes the 

frequency of the switch turning on and off, which alters the duty cycle of the 

voltage in the primary circuit. If the duty cycle increases, the output voltage 

increases, and vice versa. 
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Figure 2.6: Block diagram of switching mode power supply 

 

2.3.3 Examples of AC/DC switching mode power supply 

Figure 2.7 shows the configuration of an industrial AC/DC switching mode 

power supply, DER 453. Referring to the zoomed input region in Figure 2.8, 

DER 453 uses an additional snubber circuit to protect the switch from transients 

generated by the transformer. Besides that, zoomed output region shown in 

Figure 2.9 shows the protection circuit, transformer’s output, and output filter 

which were similar to the switching mode power supply configuration discussed 

in Figure 2.6 except that an additional protection circuit was added while its 

feedback loop shown in Figure 2.10 uses an opto-isolator device as the isolator 

and an auxiliary coil from the transformer’s output is used to power the feedback 

circuits. 

 

 

Figure 2.7: DER 453 schematic diagram (Powerint, 2016) 
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Figure 2.8: DER 453 Zoom in Input region 

 

 

Figure 2.9: DER 453 Zoom in Output region 
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Figure 2.10: DER 453 Zoom in the Feedback loop 

 

Next, Figure 2.11 shows another industrial switching mode power 

supply, DER 915. The input region shown in Figure 2.12 and output region 

shown in Figure 2.13 were similar to the input and output region of DER 453. 

However, referring to Figure 2.14, this switching mode power supply uses an 

integrated circuit (IC) to control the feedback, this makes the circuit simpler and 

more organized as compared to DER 453 feedback loop. 

 

 

Figure 2.11: DER 915 schematic diagram (Powerint, 2021) 
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Figure 2.12: DER 915 Zoom in Input region 

 

 

Figure 2.13: DER 915 Zoom in Output region 
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Figure 2.14: DER 915 Zoom in the Feedback loop 

 

2.3.4 DC/DC Converter 

In practice, most battery chargers use a current and voltage feedback loop to 

regulate the charging process of the battery. 

As shown in Figure 2.15, the output from both feedback loops is 

channeled to the buck/buck-boost converter, and the dominant feedback will 

change the PWM signal or the amount of resistance, altering the voltage or 

current accordingly. Both feedback errors are channeled to an "OR" logic to 

allow synchronization between Constant Current and Constant Voltage (Chen 

and Rincon-Mora, 2006). Additionally, for the voltage feedback loop, the output 

voltage is measured and compared with the reference voltage value. The error 

is then amplified and channeled into the buck/buck-boost converter. For the 

current feedback loop, the output current is controlled by measuring the voltage 

drop of a resistor connected to the output. The output current is measured from 

the voltage drop using Ohm's law or by using a transconductor. 
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Figure 2.15: DC/DC converter, Dual feedback loop 

 

2.3.5 Example of DC/DC design 

Figure 2.16 shows the configuration of the battery charger that performed CC-

CV proposed by Chen and Rincon-Mora in 2006. The battery charger uses two 

feedback loops as discussed in Section 2.3.4. It should be noted that although 

this design was proposed in 2006, its working concept is still widely used today 

in battery chargers. The design utilizes both a current and a voltage feedback 

loop. During the constant current charging mode, the voltage drop across the 

resistor Rc is directed to a transconductor, which in turn controls the switch Mp. 

In the constant voltage mode, the voltage flows directly to the switch, which 

then dominates the switch and transitions the charger from CC to CV mode. The 

current flow will decrease until it reaches around 0.1C, and then switch MEnd 

will be triggered, stopping the charging process. On the other hand, Figure 2.17 

shows a battery charger utilizing the proposed battery charger design, the input 

side was connected to a switching regulator while the output side was connected 

to the battery. 
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Figure 2.16: Chen and Rincon-Mora, Dual feedback loop design (Chen and 

Rincon-Mora, 2006) 

 

 

Figure 2.17: Chen and Rincon-Mora, Design application (Chen and Rincon 

Mora, 2006) 

 

Figure 2.18 shows the AP4305 schematic. It utilizes the same control 

mechanism which uses two feedback loops, one for the current feedback loop 

and one for the voltage feedback loop. The voltage feedback loop is compared 
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with the internal reference voltage source of 1.21V while the current feedback 

loop is taking the voltage drop across resistor Rss as the controlled output. Both 

the output from the feedback loop is connected together and is used to control 

the optoisolator to change the PWM signal. 

 

 

Figure 2.18: AP4305 schematic (DigiKey, 2022) 

 

Figure 2.19 shows the block diagram for MP26085. This design also 

uses 2 feedback loops in which the outputs are connected together while Figure 

2.20 shows the charger being used together with an AC/DC in order to create a 

complete battery charging system. 
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Figure 2.19: MP26085 block diagram (DigiKey, 2022) 

 

 

Figure 2.20: MP26085 design application (DigiKey, 2022) 

 

2.4 Charging profile 

Proper precautions must be considered when charging and discharging LiPo 

batteries as it can affect their performance and lifespan. Therefore, choosing the 

correct charging profile is crucial to ensure the battery is charged quickly and 

safely. For the design of this battery charger, three conventional charging 

profiles have been considered: Constant Voltage (CV), Constant Current - 

Constant Voltage (CC-CV), and Multiple Stage Constant Current (MSCC) 

charging (Analog, n.d.). 
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2.4.1 Constant voltage(CV) charging 

The constant voltage charging algorithm charges the battery with a fixed voltage 

that is equivalent to the cut-off voltage of the battery. One advantage of CV 

charging is that the battery charger design is relatively simple. However, the 

main drawback of CV charging is the long charging time required, as the current 

flow is very low compared to other charging methods. This long charging time 

creates persistent underlying pressure in the battery, which can shorten its 

overall lifespan. (Jha et al., 2022). Figure 2.21 shows the voltage, current, and 

SoC of the battery against time, the gradient of the SoC was less steep as 

compared to the gradient of CC-CV charging in Figure 2.23. 

 

  

Figure 2 21: CV, Graph of SOC, Current, and Voltage against time (Jha et al., 

2022) 

 

2.4.2 Constant current - Constant voltage (CC-CV) charging 

As shown in Figure 2.22, the constant current - constant voltage charging 

algorithm is divided into two modes of operation. The first mode is the constant 

current mode, in which the battery is charged with a constant current supply 

while the voltage is continually increased until the cut-off voltage of the battery 

is reached. Once the voltage reaches the battery's terminal voltage, the charging 

enters into the second mode of operation, the constant voltage mode. In constant 
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voltage mode, the battery's cut-off voltage is maintained at a value slightly 

higher than the emf of the particular battery, causing the current to decrease as 

the difference between the terminal voltage and emf decreases. When the 

charging current drops to a certain threshold, typically 0.02C, the battery is 

considered fully charged (Jha et al., 2022). The advantages of CC-CV charging 

are that it charges the battery faster due to the CC operation mode as shown in 

Figure 2.23, and it does not shorten the battery's life as much as CV charging 

does. 

 

 

Figure 2.22: CC-CV charging profile (Shen, Tu Vo, and Kapoor, 2012) 

 

 

Figure 2.23: CC-CV, Graph of SOC, Current and Voltage against Time (Jha et 

al., 2022) 
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2.4.3 Multiple Stage Constant Current (MSCC) charging 

In MSCC, multiple different CC modes of charging are used where each current 

level is lower than the previous current level as shown in Figure 2.24. The 

algorithm measures a number of parameters of the battery during charging and 

varies the current levels to charge the battery based on the parameters measured. 

At each stage, a different current level is injected into the battery. When the 

battery’s voltage reaches its cut-off voltage, the charger changes the current 

level to the next current level which is lower than the previous current level. 

This process repeats until the battery reaches the termination criteria (Jha et al., 

2022). Just like the charging profile, the current of the battery also increases in 

stepwise waveform as shown in Figure 2.25. 

 

 

Figure 2.24: MSCC charging profile (Jha et al., 2022) 
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Figure 2.25: MSCC, Graph of SOC, Current and Voltage against Time(Jha et 

al., 2022) 

 

2.4.4 Comparison between CC-CV and MSCC 

Jha et al. (2022) compared the CV, CC-CV, and MSCC charging profiles using 

MATLAB, and their results showed that the MSCC profile charges faster when 

the current level is set to the maximum allowable level. Moreover, it does not 

significantly shorten the battery life compared to CV or CC-CV charging 

methods due to its fast charging time. The authors also mentioned that 

implementing MSCC efficiently requires a large amount of data and a study of 

the charging patterns specific to the battery to find its optimum charging pattern 

(OCP) is necessary in order for MSCC to work efficiently. This makes it labor-

intensive, time-consuming, and significantly increases implementation costs. 

However, Jha et al.'s findings were based on simulations and may yield different 

results in actual testing. 

In contrast, Li Jiang et al. (2020) used the Taguchi method to find the 

OCP for MSCC. Their findings showed that under the OCP, MSCC actually has 

approximately similar charging speed to CC-CV, which is different from Jha et 

al.'s findings. This is because, Li Jiang et al. claimed that MSCC charging 

current is a trade-off between multiple indicators such as charging efficiency, 

temperature rise, and battery health. The OCP that they found (5.4A – 4.1A – 

2.8A – 1.6A – 0.6A) resulted in the least temperature rise and higher charging 

efficiency. Additionally, an article by Renhotec Technology Electronics (2022) 
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supports Li Jiang et al.'s claim that just increasing the charging current will not 

necessarily result in faster charging time. This is because higher current causes 

an increase in the polarization of the battery, which causes the battery to reach 

the cut-off voltage quicker. Despite reaching the cut-off voltage, the battery is 

not fully charged and can only be depolarized by a slow constant voltage or 

lower charging current to continue charging. Therefore, it can be concluded that 

MSCC does not necessarily charge the battery faster than CC-CV. However, all 

three papers claim that MSCC is better than CC-CV in terms of maintaining 

battery health. 

 

2.5 Summary 

In summary, for the mechanical design consideration, contact charging is 

chosen over contactless charging due to the high initial investment of the latter. 

The charger will be used to perform CC-CV and MSCC charging profiles, where 

CC-CV will charge at 1C and terminate at 0.2C, and MSCC will follow the OCP 

found by Li Jiang, et al., which is 5.4A – 4.1A – 2.8A – 1.6A – 0.6A. 
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CHAPTER 3 

 

3 METHODOLOGY AND WORK PLAN 

 

3.1 Introduction 

The current design of the AGV charging station utilizes the IMAX B6 battery 

charger, which employs the CC-CV charging profile. The design requires users 

to remove the AGV battery and manually plug it into the battery charger. The 

IMAX B6 supports charging, discharging, storage, and balance charging for 

various battery types, and the voltage rating for each battery type is fixed while 

the current limit is adjustable. The battery charger's LCD display shows the 

voltage of each battery during the charging process, providing a safe and 

efficient charging experience. 

However, the IMAX B6 charger is not automated and can only perform 

conventional CC-CV charging. Additionally, the current charger only displays 

information on the charger itself, which can be challenging in industrial settings 

where operators need to monitor multiple AGVs and battery chargers. Not to 

mention, it also lacks functions such as SoC estimation and data management. 

The new charging station design will address these issues. 

 

3.2 Prototype design 

Figure 3.1 shows the block diagram for the proposed prototype. 

 

 

Figure 3.1: Complete system prototype 
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3.2.1 Prototype’s components 

The power supply selected for the new charging station is an AC/DC switching 

mode power supply with an output voltage of 24V, a current rating of 6.5A, and 

a total power output of 156W. This power supply is capable of converting the 

alternating current (AC) from a standard 240V plug into a stable direct current 

(DC) that can be used to charge the AGV's battery. By directly connecting the 

power station to the plug using this power supply, the charging process will be 

more efficient and easier to manage. Additionally, the high current rating and 

total power output of the power supply will allow faster charging times and more 

reliable performance.  

The DPS5015 is a DC/DC converter that utilizes integrated circuits 

(ICs) to control the charging profile. It is capable of performing CC-CV 

charging profiles. The original DPS5015 model includes a separate control 

panel that allows the user to manually adjust the charging current and voltage, 

as well as start and stop the charging process. 

Hall effect current sensors are used to detect the charging and 

discharging current. They are chosen because the charging current is very high 

(5.4A), and hall effect sensors, which do not suffer power losses, are more 

suitable for this application. Moreover, since the measuring circuit is isolated, it 

provides additional protection to the microcontroller if electrical faults were to 

occur. The current measured will be used in coulomb counting for SoC 

estimation.  

In order to detect the charging voltage and the voltage of the battery, a 

voltage sensor module has been selected. The maximum voltage of the entire 

circuit under normal operation is 12.6V, and the voltage sensor module that has 

been chosen can detect a maximum voltage of 25V, making it well-suited for 

this application. 

A passive 3-cell BMS is used to provide balanced charging to the 

battery, ensuring that all three cells are charged simultaneously. 

Two sets of optoisolated relay modules are used to connect the battery 

charger to the battery when it is charging and disconnect it when it is not 

charging. In addition, two relays are used, one for each battery pack, so that the 

battery charger can switch to charge the other battery when the first battery has 
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been fully charged. This mechanism allows one battery charger to charge two 

battery packs (one at a time).  

The Arduino controls all the charging circuit operations, including the 

automation of the DPS5015, SoC estimation, and sensor readings. Every six 

seconds, the Arduino will transfer the charging data, such as voltage, current, 

and SoC, to the ESP32 via UART (Universal Asynchronous Receiver 

Transmitter) communication. The purpose of using the ESP32 is to establish a 

WiFi connection and send data to a web server. Upon receiving the data, ESP32 

will send it to Cayenne for storage and monitoring.  

Cayenne is a web server that is specially designed for IoT applications. 

Cayenne will receive the data from ESP32 and then display and store it in cloud. 

The battery used to test the charger is similar to the one used in the reference 

AGV, which is a 3-cell LiPo battery. 

 

3.2.2 Building prototype 

This section will focus on the prototype building process, which involves the 

use of individual components such as the voltage sensor, current sensor, and 

BMS. It will also cover modifications made to DPS5015. Additionally, it will 

discuss how the components were combined together through serial 

communication, how communication was established between the ESP32 and 

Cayenne, and how SoC estimation was done. Please note that minor details such 

as wiring and relay setup will not be discussed in this section as these aspects 

are not the primary focus of this project. 

 

3.2.3 BMS 

The passive 3-cell BMS (Figure 3.2) used in the project had four ports: 0V, 4.2V, 

8.4V, and 12.6V, that needed to be connected to the 4 BMS ports of the LiPo 

battery. Firstly, the BMS port of the LiPo battery was identified as shown in 

Figure 3.3, the thicker red and black wire represents 12.6V and 0V respectively 

while the thinner black wire represents 8.4V and 4.2V. Next, a XH2.54 4P 

female connector (Figure 3.5) was soldered to the BMS, according to its 

respective port voltage. During the charging process, the female connector from 
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the BMS must be connected to the battery's male connector (Figure 3.4) in order 

to perform balance charging. 

 

 

Figure 3.2: 3 - cell BMS 

 

 

Figure 3.3: LiPo battery BMS port voltage 
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Figure 3.4: XH 2.54 4P male connector 

 

 

Figure 3.5: XH 2.54 4P female connector 

 

3.2.4  Voltage sensor & Current sensor 

The voltage sensor can detect voltages up to 25V and then step them down by a 

factor of 5 to output 5V. This 5V signal is channeled to the Arduino as an analog 

input, which is then converted to a digital value by dividing it by 2^10 bits. This 

digital value is then multiplied by 5 to obtain the actual voltage measurement.  
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The ACS712 current sensor outputs voltage in analog form, which 

includes the voltage increment caused by the measured current as well as half 

of the source voltage supplied to the sensor. The output voltage is then divided 

by the sensor's standard sensitivity value, which is 0.1V/A for a 20A sensor, in 

order to obtain the final output current. 

 

3.2.5 Modify DPS5015 

The DPS5015 charging station is equipped with a control panel that allows users 

to manually adjust the charging current and voltage, and start/stop the charging 

process. However, the charging process is not automated, and therefore, the 

DPS5015 must be modified to work with an Arduino in order to automate the 

charging process.  

The control panel of the DPS5015 is connected to the main charger 

through two 8-pin wire connectors. As shown in Figure 3.7, one set of the 8-

wire connector is used to control the LCD screen, while the other set is used to 

control the buttons on the DPS5015.  

To modify the DPS5015 for Arduino control, the pair of wires that 

control the DPS5015 buttons were probed using a multimeter to identify the 

wire connected to each button as shown in Figure 3.6. Next, it was found that 

initially each wire was set to HIGH (3.3v), when a button on the control panel 

was pressed, it pulled the line to low (0v). Therefore, to control the DPS5015 

using an Arduino, the wire from the control panel was extended to Arduino as 

shown in Figure 3.8. Arduino would pull the line to low (0v) when a button 

press was required. This way, when the DPS5015 detected the low signal, it 

would assume that a button had been pressed. 
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Figure 3.6: Functions corresponding to the 8-pin wire connectors 

 

 

Figure 3.7: DPS5015 control panel 
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Figure 3.8: Block diagram for Arduino to DPS5015’s connection 

 

3.2.6  SoC estimation 

The coulomb counting method was used to estimate the SoC of the battery. This 

method followed the concept of measuring the current flowing into and out of 

the battery and using it to calculate the amount of charge left in the battery as 

illustrated in Figure 3.9 (PowerTech, n.d.) while Equation (3.1) is used to 

calculate the SoC.  

 

 𝑆𝑜𝐶 (%) =  
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝐴ℎ)+𝐶𝑢𝑟𝑟𝑒𝑛𝑡 (𝐴ℎ)

𝐵𝑎𝑡𝑡𝑒𝑟𝑦 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝐴ℎ)
× 100%                (3.1) 

 

To use this method, the output of the current sensor was converted from amperes 

(A) to ampere-hours (Ah) by dividing it by 3600s. For example, assume the 

charging current is 3A while the battery capacity is 3.0Ah: 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 3𝐴 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 (𝐴ℎ) =
3𝐴

3600 ℎ
= 8.33 × 10−4𝐴ℎ 

 

The initial SoC before charging is: 

𝑆𝑜𝐶 (%) =  
0.3𝐴ℎ

3.0𝐴ℎ
× 100% = 10.00% 

 

The increase in SoC after charging at 3A for one second is: 

𝑆𝑜𝐶 (%) =  
0.3𝐴ℎ + 8.33 × 10−4𝐴ℎ

3.0𝐴ℎ
× 100% ≈ 10.03% 

 

This process is repeated continuously every second to estimate the SoC value. 
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Figure 3.9: SoC estimation 

 

3.2.7   UART communication between Arduino and ESP32 

Data such as charging voltage, charging current, SOC, discharging voltage, and 

discharging current were transferred from Arduino to ESP32 via UART 

communication. The RX pin of the Arduino was connected to the TX pin of the 

ESP32. Since Arduino used 5V while ESP32 used 3.3V, the TX pin of the 

Arduino needed to be connected to a voltage divider circuit before connecting 

to the RX pin of the ESP32. The voltage divider will reduce the voltage to 3.3V 

which is safer for ESP32 operation (Life Hacker, n.d.). 

The data was transferred when Arduino executed the function 

"Serial.print()". In order to make the data transfer more efficient, instead of 

sending the data one by one, the data was converted from float to string type 

and then all of them were combined together with a reference, ‘t’, between them. 

This way, Arduino only had to send all the data once, and it also allowed all the 

data to be updated simultaneously. When ESP32 received the data, it read the 

data until the reference, ‘t’, and when it reached the reference character, it 

stopped and stored the data into an array. The process continues until all the 

variable has been stored into their respective array, then the array was combined 

into a string and then converted back into float. 
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3.2.8   Communicating with Cayenne 

To send data to Cayenne, the ESP32 needed to insert the username, password, 

and client ID of the Cayenne server into the code (Figure 3.11), those 

information were obtained from the Cayenne website as shown in Figure 3.10. 

After the connection was established, data was sent to Cayenne using the 

“Cayenne.virtualWrite(channel, data)” function. 

 

 

Figure 3.10: Cayenne dashboard 

 

 

Figure 3.11: Coding to establish connection with Cayenne 

 

3.3 Flowchart for charger operation 

The flowchart for the charging operation was shown in Figure 3.12. Initial 

conditions of the charging were: AC/DC was connected to the plug and switched 

on, DPS5015 was powered on, the battery was connected to the charging circuit, 

and ESP32 was connected to WiFi. 

Firstly, the charging operation started when the button was pressed. 

When the button was pressed, Arduino adjusts the DPS5015 charging current 

according to the preset value while the charging voltage remained the same at 

12.60V. Once adjusted, Arduino switched on relay 1 or relay 2 (depending on 

char username[] = "c66becc0-1459-11ed-bf0a-bb4ba43bd3f6";    

char password[] = "17bc972c83fda957d4a8d42364de36b22eb100c2";   

char clientID[] = "bb8f9a70-1d16-11ed-baf6-35fab7fd0ac8";   
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which battery is being charged) to connect the charger to the battery, then 

DPS5015 starts the charging process. 

Next, Arduino checked whether the charging termination criteria were 

met. There were 2 charging termination criteria: the button was released and the 

charging completion. If either of these two conditions was met, DPS5015 will 

stop the charging process and disconnects the connection between the charger 

and battery by switching off the relay. Then it switched to charging the other 

battery. If neither of the charging termination criteria were met, Arduino will 

check the MSCC charging current. If the charging current level needs to be 

adjusted, it will perform current adjustment. 

If the current level is correct, the charger will detect the charging 

voltage and current via sensors and then perform SoC estimation. The SoC 

estimation will be updated every second. After every 6 seconds of operation, 

Arduino will send the charging data (voltage, current, SoC) to ESP32 via UART. 

ESP32 will receive the data and then transfer it to Cayenne where the data was 

displayed and stored. 

When charging with the MSCC profile, Arduino will check whether 

the charging current had dropped to more than 0.03A of its initial value. If it had 

dropped to more than 0.03A, it will trigger DPS5015 to change the current level 

injected into the battery. This operation will continue until the termination 

criteria was met where it will stop the charging process. 
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Figure 3.12: Charging operation 
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3.4 Using the charger to perform CC-CV and MSCC charging 

The charger was capable of performing the CC-CV profile without any 

modifications. However, for MSCC charging, the current had to be adjusted 

during the process since different current levels were injected into the battery. 

To determine when to change the current level, Arduino controlled the DPS5015 

and adjusts the current level by setting the switching parameter in Arduino. 

Once the switching parameter was reached, the current would change 

automatically. The algorithm used to change the current involved a sequence of 

operations. First, the CURRENT button was pressed to enter the current edit 

mode, then the RE (rotary encoder) button was pressed to select decimal places. 

The charging current was then reduced to 0A by twisting the rotary encoder B 

(REB) and increased to the preset current level by twisting the rotary encoder A 

(REA). Finally, the CURRENT button was pressed again to exit the current edit 

mode.  

 

3.5 Testing the charger 

In order to test the functions of the battery charging station for AGV, both CC-

CV and MSCC charging algorithms were used with termination criteria set at 

0.2c (0.6A) and 5 different charging current levels: 5.4A - 4.1A - 2.8A - 1.6A - 

0.6A. Additionally, a simple motor discharge circuit was built for testing 

purposes which consisted of two DC motors, two motor drivers, and an Arduino 

board. This discharge circuit was used to partially discharge the battery, which 

was then recharged using the charger in order to test the accuracy of the soc 

estimation. 

 

3.6 Gantt Chart 

As shown in Figure 3.13, Final Year Project 1 involves understanding the 

project requirements, findings literature review, and doing minor testing on the 

prototype individually. While Final Year Project 2 consists mainly of building,  

troubleshooting, and fine tuning the complete prototype as shown in Figure 3.14. 
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Figure 3.13: Gantt Chart for FYP 1 

 

 

Figure 3.14: Gantt Chart for FYP 2 
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3.7 Summary 

The design of the AGV charging station was capable of addressing all the 

problems mentioned by introducing new functions, such as IoT data 

management, autonomous charging parameter adjustment, MSCC and CC-CV 

charging algorithms, and SoC estimation. The DPS5015 was modified to enable 

autonomous charging parameter adjustment, which was a crucial function for 

performing MSCC charging profiles. Additionally, ESP32 with WiFi 

connectivity was used for IoT data management, allowing data to be stored on 

the cloud. Finally, the SoC estimation function was achieved by receiving the 

output from the current sensor and combining them every second. 
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CHAPTER 4 

 

4 RESULTS AND DISCUSSION 

 

4.1 Introduction 

The result and discussion will be divided into two sections. In the first section, 

the functions of the battery charging circuit will be discussed and the 

performance of the SoC estimator will be evaluated. In the second section, the 

battery charging station built will be used to charge the LiPo battery using CC-

CV profiles and MSCC profiles. The result from the two profiles will be 

evaluated and discussed. 

 

4.2 Part 1 Result: Prototype 

 

4.2.1 Battery charging station hardware 

Figure 4.1 shows the completed battery charging station’s prototype while 

Figure 4.2 and Figure 4.3 shows the zoomed view of the prototype. 

 

Figure 4.1: Charging station prototype 

AC/DC 

DPS5015 

ARDUINO & ESP32 
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Figure 4.2: Charging station prototype zoom view 

 

 

Figure 4.3: Charging station prototype zoom view 
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4.2.2 IoT data management  

Figure 4.4 shows Cayenne’s data storage configuration consisting of timestamp, 

channel, sensor ID, and value while Figure 4.5 shows Cayenne's data 

visualization function. 

 

 
Figure 4.4: Cayenne’s data storage 

 

 
Figure 4.5: Cayenne data visualization 

 

4.2.3 Autonomous charging parameter adjustment  

Figure 4.6 shows the hardware for automating DPS5015, the jumper wire was 

connected to Arduino while one set of 8-pin wires was connected to DPS5015 

and another 8-pin wire to the control panel. 

 

TIMESTAMP 

CHANNEL ID VALUE 

SoC BATTERY 1 & 2 CHARGING V & I 

DISCHARGING V & I 

BATTERY 1 
DISCHARGING V & I 

BATTERY 2 
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Figure 4.6: Wire extension from the control panel to Arduino 

 

4.2.4 SoC estimator  

Figure 4.7 shows the discharging circuit built for testing the SoC estimation, 

Figure 4.8 shows the SoC curve during the discharging and charging process 

while Figure 4.9 shows the voltage and current waveform against time during 

the entire discharging and charging process. Next, Table 4.1 summarizes Figure 

4.8 and Figure 4.9 quantitatively.  
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Figure 4.7: Discharging circuit 

 

 
Figure 4.8: SoC curve for discharging and charging 

 

Figure 4.9 shows the graph of voltage and current against time. The 

waveform from the beginning to 34 minutes shows the discharging waveform, 

while the waveform after 34 minutes shows the charging waveform done in CC-

CV profiles. 
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Figure 4.9: Voltage (V) and Current (A) vs Time (min) curve for Charging and 

Discharging process 

 

Table 4.1: SoC for charging and discharging process 

Initial SoC 84.7% 

SoC after discharge 58.84% 

Final SoC 81.79% 

Discharge time (min) 34.27 

Average discharge voltage (V) 11.15 

Average discharge current (A) 1.31 

 

4.3 Part 1 Discussion 

 

4.3.1 Battery charging station’s prototype 

The current design of the charging station has been improved from the initial 

design proposed in FYP1. The initial design proposed in FYP1 involved using 

one BMS to charge two battery packs simultaneously, while the current design 

uses one BMS to charge one battery at a time. This change was made because it 

was found that BMS was designed to cater to one battery at a time. When 

multiple batteries are connected to the BMS, it can affect the BMS's 

performance in regulating the charges (DIY Solar Power, n.d.).  
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Additionally, the previous design used one set of current and voltage 

sensors for charging and discharging. However, the current design uses separate 

current and voltage sensors for charging and discharging. This is because it was 

found that during the charging process, current flows into the battery from both 

the main terminal (+ve and -ve) and the four BMS ports. Therefore, measuring 

the current from the main terminal alone would result in only a fraction of the 

actual current being sensed, as shown in Figure 4.10, where the current before 

BMS was 3.02A while the current after the BMS (measured from +ve and -ve 

terminals) was 0.44A. Besides that, measuring the charging voltage from the 

battery itself is inconsistent due to voltage fluctuations and zero drift caused by 

the BMS regulation function. For these reasons, the current design uses two sets 

of current and voltage sensors: one to sense the charging parameters before the 

BMS, and another to sense the discharging parameters after the BMS. 

 

 

Figure 4.10: Differences between the current before and after BMS 

 

As for IoT data management, ESP32 has successfully established 

connection and sends data to Cayenne website consistently without issue. The 

data storage function of Cayenne also works efficiently as shown in Figure 4.4. 
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and the user can export the data from Cayenne in an excel file with just a click 

of a button. 

 

4.3.2 Autonomous charging parameter adjustment 

Figure 4.6 shows the extension made to control the DPS5015 using Arduino. 

The jumper wires were connected to the digital pin of Arduino while one of the 

8-pin wires was connected to the DPS5015 and the other 8-pin wire was 

connected to the control panel. With this extension, Arduino was able to control 

the DPS5015, however, it was found during testing that the increment and 

decrement function of the DPS5015 suffers random error. The increment and 

decrement functions were controlled by a mechanical rotary encoder in 

DPS5015, when the rotary encoder was rotated clockwise, it will perform 

increment while when it was rotated anticlockwise, it will perform decrement 

action. Similar to other buttons on the control panel, the rotary encoder was also 

low-triggered.  

When programmed, sometimes Arduino was not able to control the 

rotary encoder. According to Professor Potter (2017), the rotary encoder has 30 

detents per revolution but only 15 full quadrature pulses/rev, this causes the 

rotary encoder to be grounded once every two detents. Since Arduino controls 

the rotary encoder by grounding the wire, it can not control the rotary encoder 

if it was already grounded in the first place. 

To overcome this issue, an additional wire was connected from the 

rotary encoder pin to Arduino. If the rotary encoder was in a grounded state, the 

LED on the Arduino will light up to inform the user to manually adjust the 

encoder to a “HIGH” state. When the encoder was in the “HIGH” state, it will 

remain in that state as long as the rotary encoder was not turned physically.  

 

4.3.3 SoC estimation 

In order to test the efficiency of the SoC estimator, an external discharging 

circuit consisting of a motor driver, DC motor, and Arduino Uno was built as 

shown in Figure 4.7. A charged battery with a known SoC was used to power 

the DC motor for a period of time, and then it was recharged using CC-CV with 

similar termination criteria. The accuracy of the SoC estimator was evaluated 

by how close the final SoC was to the initial SoC before discharging. According 
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to Figure 4.8 and Table 4.1, the discharge process stopped at 34.27 minutes 

while the charging process was from 34.27 to 58 minutes. The initial SoC was 

84.7%, it discharged until the SoC was 58.84%, and then the battery was 

recharged using a similar charging profile and termination criteria: CC-CV-0.2c. 

After recharging, the SoC was 81.79%. The error for the SoC estimation was 

calculated using Equation (4.1). 

 

      𝑃𝑡 = 𝑉𝑠𝐼𝑡(𝐷𝑂𝐷)𝜂 (4.1) 

𝑡 =
𝑉𝑠𝐼𝑡(𝐷𝑂𝐷)𝜂

𝑉𝐼
 

 

where 

𝑆𝑡𝑒𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒 𝑑𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒, 𝑉𝑠 = 11.1𝑉 

𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑖𝑛𝑔 𝑣𝑜𝑙𝑡𝑎𝑔𝑒, 𝑉 = 11.15𝑉 

𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑢𝑟𝑟𝑒𝑛𝑡, 𝐼 = 1.31𝐴 

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑝𝑒𝑟𝑒 ℎ𝑜𝑢𝑟 𝑜𝑓 𝑏𝑎𝑡𝑡𝑒𝑟𝑦, 𝐼𝑡 = 3𝐴ℎ 

𝐷𝑒𝑝𝑡ℎ 𝑜𝑓 𝐷𝑖𝑠𝑐ℎ𝑎𝑟𝑔𝑒, 𝐷𝑂𝐷 = 84.7% − 58.84% = 25.86% 

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦, 𝜂 = 90% 

 

Thus, the time needed for discharging the battery was: 

 

𝑡 =
(11.1𝑉)(3𝐴ℎ)(0.2586)(0.90)

(11.15𝑉)(1.31𝐴)
= 0.533 ℎ𝑜𝑢𝑟 ≈ 31.98 𝑚𝑖𝑛 

 

Since the discharge time collected from the experiment was 34.27 min, the error 

for the SoC estimation was: 

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐸𝑟𝑟𝑜𝑟 (%) =  
34.27 𝑚𝑖𝑛 − 31.98 𝑚𝑖𝑛

31.98 𝑚𝑖𝑛
× 100% = 7.16% 

 

Thus, the SoC estimation error is 7.16%. A percentage error of 7.16% 

was acceptable as most industry SoC estimators only indicate the SoC of the 

battery every 20% or 25%. For example, the LiPo battery indicator from 
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TECHDIY indicates SoC every 20% interval (TECHDIY, n.d.), while the SoC 

estimator from China generally indicates SoC every 25% interval (meltsee, n.d.). 

 

4.4 Part 2 Result: CC-CV and MSCC charging profile 

In order to test the CC-CV and MSCC charging parameters, an IMAX B6 was 

used to discharge the battery. According to the specifications of the IMAX B6 

charger, it fully discharged the LiPo battery to 0%. Before all the test charging 

was done, the LiPo battery was first discharged using the IMAX B6 charger to 

set a standard starting charge for all the batteries. Next, as stated in the 

methodology, CC-CV charged the battery at 1.0C (3A) and had a termination 

criterion of 0.2C (0.6A), while MSCC had current levels of 5.4A - 4.1A - 2.8A 

- 1.6A - 0.6A. The MSCC charging was considered completed when the final 

current level (0.6A) had been injected into the battery and the charging reached 

the CV phase with a drop in current of more than 0.03A. Figure 4.11, 4.12, 4.13, 

4.14, 4.15, and 4.16 shows the SoC and graph of voltage and current against 

time for CC-CV charging for all three times charging while Table 4.2 

summarizes all the result in quantitative value. 

 

 

Figure 4.11: CC-CV CHARGE 1: SOC (%) vs Time (min) 
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Figure 4.12: CC-CV CHARGE 1: Voltage (v) and Current (A) vs Time (min) 

 

 

Figure 4.13: CC-CV CHARGE 2: SOC (%) vs Time (min) 
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Figure 4.14: CC-CV CHARGE 2: Voltage (v) and Current (A) vs Time (min) 

 

 

Figure 4.15: CC-CV CHARGE 3: SOC (%) vs Time (min) 
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Figure 4.16: CC-CV CHARGE 3: Voltage (v) and Current (A) vs Time (min) 

 

Table 4.2: CC-CV charging result 

CC-CV Charging 

time(min) 

State of Charge 

(SOC)(%) 

Time reaches CV phase 

(min) 

Charge 1 62.86 84.70 42.82 

Charge 2 65.76 83.67 41.07 

Charge 3 61.92 84.02 41.36 

Average 63.51 84.13 41.75 

 

Figures 4.17, 4.18, 4.19, 4.20, 4.21, and 4.22 show the SoC and graph 

of voltage and current against time for MSCC charging for all the three times 

tested while Table 4.3 and Table 4.4 summarize all the results in quantitative 

value. 
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Figure 4.17: MSCC CHARGE 1: SOC (%) vs Time (min) 

 

 

Figure 4.18: MSCC CHARGE 1: Voltage (v) and Current (A) vs Time (min) 
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Figure 4.19: MSCC CHARGE 2: SOC (%) vs Time (min) 

 

 

Figure 4.20: MSCC CHARGE 2: Voltage (v) and Current (A) vs Time (min) 
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Figure 4.21: MSCC CHARGE 3: SOC (%) vs Time (min) 

 

 

Figure 4.22: MSCC CHARGE 3: Voltage (v) and Current (A) vs Time (min) 
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Table 4.4: MSCC charging interval 

 Stage 1 

(min) 

Stage 2 

(min) 

Stage 3 

(min) 

Stage 4 

(min) 

Stage 5 

(min) 

Charge 1 9.64 14.12 8.50 8.95 22.62 

Charge 2 9.60 13.99 8.79 9.02 22.31 

Charge 3 8.52 12.26 10.67 9.88 24.54 

Average 9.25 13.46 9.32 9.28 23.16 

 

4.5 Part 2 Discussion 

 

4.5.1 CC-CV charging 

The CC-CV charging curve showed the correct waveform. During the constant 

current (CC) phase, the current was constant while the voltage slowly increased 

up until the cut-off voltage of 12.6V was reached. When the cut-off voltage was 

reached, the charging switched to the constant voltage (CV) phase, where the 

current slowly decreased until the termination current of 0.6A, while the voltage 

remained stable throughout the CV phase. 

According to Table 4.2, the average charging time for the 3-test charge 

was 63.51 minutes, and it charged the battery from SoC 0% to 84.13. The 

charging process reached the CV phase at an average of 41.75 minutes, while 

the average charging time was 63.51 minutes. This meant that the CV phase 

only lasted for 21.76 minutes. The reason the CV phase was shorter than the CC 

phase was due to the high termination criteria of 0.2C. Compared to 

conventional CC-CV chargers which terminate at 0.1C, the CV phase would be 

much longer than the CC phase (Jha et al., 2022). Moreover, the same reason 

also applied to the lower SoC. The reason the SoC didn’t go any higher was 

because of the high termination criteria, which was set at 0.2C (0.6A). If the 

termination criteria were lower, it would result in a higher SoC but a longer 

charging time (Jiang et al., 2020).  

 

4.5.2 MSCC charging 

On the other hand, the MSCC charging curve also showed the correct waveform 

where the charging started with CC while the voltage slowly increased up until 

the cut-off voltage, 12.60V. When the cut-off voltage was reached, the charger 
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changed the charging current to the next level. When the current had been 

adjusted, the charging voltage decreased to lower than the cut-off voltage 

automatically and the process was repeated. 

Besides that, conventional MSCC uses the cut-off voltage to indicate 

when to change the current level during the charging process, however, the 

MSCC tested in this project changed the current level only after the charging 

had reached the CV phase of that level and had a current drop of more than 

0.03A. This was because from the testing it was found that it was more reliable 

to wait until the charging reached the CV phase before changing the current 

level as compared to waiting until the cut-off voltage only. 

According to Table 4.3, the average charging time was 64.47min while 

the SoC increment was from 0% to 83.20%. According to Table 4.4, the average 

charging time for each interval of MSCC (5.4A - 4.1A - 2.8A - 1.6A - 0.6A) 

was 9.25 min - 13.46 min – 9.32 min – 9.28 min – 23.16 min. The last current 

level consumed significantly more time as compared to all the other current 

levels. This was because the cut-off current of the last stage of MSCC had a 

significant effect on the charging time, the lower the cut-off charging current, 

the higher the charging time (Jiang et al., 2020). 

 

4.5.3 Comparison between CC-CV and MSCC charging 

According to Tables 4.2 and 4.3, the average charging time and average SoC 

are almost the same for both CC-CV and MSCC charging profiles, with CC-CV 

performing slightly better than MSCC profiles. The average charging time to 

reach the termination criteria for the CC-CV profile is 63.51 minutes with an 

SoC of 84.13%, while the MSCC profile is 64.47 minutes with an SoC of 

83.20%. The reason the MSCC profile takes longer to charge and has a lesser 

SoC despite charging at multiple different current levels is because too much 

time was spent during the charging of the last current level. The MSCC profile 

spent 23.16 minutes charging at 0.6A, while CC-CV profiles already terminate 

the charging at 0.6A. This causes the difference in the performance of both 

charging profiles. 

From the results shown, the OCP for the MSCC profile that was found 

by Jiang et al. (2020) did not result in a fast charging time since it has the same 

charging time as CC-CV charging profiles. This was because the charging 
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process was a trade-off between multiple indicators. Although the MSCC 

charging profile did not provide faster charging, it has high charging efficiency 

and significantly lower battery temperature rise during the charging process, 

which lessens the depletion of the health of the battery (Jiang et al., 2020). 

 

4.6 Summary 

In short, the battery charging station for AGV has been developed with all the 

functions tested and working well. Parts of the design for FYP1 have been 

improved and the latest charger design was able to perform better. The SoC 

estimator has an error of  7.16% which is within the acceptable range when 

compared with industrial SoC estimator. 

Furthermore, the battery charging station was capable of performing 

CC-CV and MSCC charging profiles correctly. Comparisons between CC-CV 

and MSCC were made using real charging data instead of simulation and the 

result of comparison shows that CC-CV and MSCC at the reference OCP have 

almost similar charging performance while MSCC lessens the depletion of the 

health of the battery. 
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CHAPTER 5 

 

5 CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Conclusions 

In short, the battery charging station for AGV has been successfully developed, 

consisting of important functions such as IoT data management, SoC estimator, 

and flexible charging adjustment. The design of the battery charging station was 

improved from the previous version proposed in FYP1. The current charging 

station is capable of performing more efficiently and reliably through the 

introduction of extra sets of current and voltage sensors before BMS and proper 

BMS usage. Moreover, the IoT data management, which comprises ESP32 

transmitting data to Cayenne, proves its reliability by storing all the test data 

from CC-CV and MSCC charging, which were shown in Chapter 4. On the other 

hand, the SoC estimation was tested and showed a percentage error of 7.16%, 

which was acceptable when compared with other industrial SoC estimators. 

Besides that, the study of CC-CV and MSCC charging conducted in 

Chapter 4: Part 2 Discussion was done using actual charging profiles. The 

results show that the charging station was able to perform CC-CV and MSCC 

charging profiles correctly. The OCP for the MSCC profiles that were chosen 

(5.4A - 4.1A - 2.8A - 1.6A - 0.6A) charges at an approximately similar speed to 

CC-CV-0.6A charging while lessening the depletion of the SoH of the battery. 

These comparison results were similar to the results obtained by Jiang et al. 

(2020) in their paper, thus proving the reliability of the battery charging station’s 

prototype. 
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5.2 Recommendations for future work 

Future work can involve adding the mechanical docking parts into the charging 

station and AGV itself. Firstly, the AC/DC converter will be separated and 

placed in the charging station while all the other components will be placed on 

the AGV. Next, connects the input power terminals of the DPS5015 to a suitable 

electrode. When the AGV docks with the charging station, the electrodes will 

be extended to establish a connection with the AC/DC power supply and thus 

start the charging process. This way the battery charging station for the AGV 

will be fully functional. 

 Next, the current battery charging station for AGV is very flexible as 

the charging adjustment can be done using Arduino and it also has a reliable 

data management system. With these functions, future work can involve 

exploring more alternative charging profiles such as pulse charging, multiple 

stage constant current-constant voltage (MSCCCV), and more.
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          APPENDICES 

 

Appendix A: Code and sample excel file from Cayenne 

 

Due to lengthy result, refer to the google drive link to access coding for Arduino 

and ESP32 microcontroller, and sample data downloaded from Cayenne. 

 

https://drive.google.com/drive/folders/1SUZPRVeUwWIZEUnDe7X5Czkxlgr

ix9nc?usp=sharing 

 


