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Research on SOP Estimation Based on 

SOC Constraints under Static 
Operating Conditions

Abstract: - In a battery management system (BMS), accurate estimation of system operating power (SOP) is essential to ensure battery 

performance and extend service life. In this paper, an SOP estimation method based on open circuit voltage (OCV), state of charge (SOC) 

and battery current is studied. By analyzing the battery data under dynamic stress test (DST) conditions, the estimated value of continuous 

peak charge and discharge current is calculated, and the corresponding continuous peak charge and discharge power is estimated 

accordingly. Comparing the estimated charging and discharging power with the experimental value, the results show that the new algorithm 

can significantly improve the estimation accuracy of SOP. It not only improves the accuracy of SOP estimates, but also helps to optimize 

BMS, thereby improving the overall performance and service life of the power battery.   
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Lithium-ion battery is the core of modern energy storage system, and its state estimation technology is the key 

to ensure the safe and reliable operation of the battery. Among various state estimation indicators, State of 

Charge (SOC) and State of Power (SOP) are the two most important parameters[1]. In this paper, we will 

introduce a joint SOC and SOP estimation method, which improves the accuracy and practicability of the 

estimation by considering the electrochemical characteristics and real-time operating state of the battery. 

1. Introduction

In the field of battery management systems (BMS), accurate estimation of a battery's SOC and SOP has a 

decisive impact on ensuring battery performance, extending battery life and maintaining its safety[2]. To 

accurately estimate and manage these parameters, BMS requires the use of data analysis and mathematical 

modeling techniques. By integrating multiple sensor data such as temperature, voltage, and current, BMS can 

monitor battery status in real time and apply algorithms to dynamically adjust charging and discharging 

1. School of mechanical engineering，Jiangxi Vocational College of Mechanical & Electrical 

Technology，Nanchang,Jiangxi,330013,China

Corresponding Author: Yi Liu  m19979169387@163.com   

mailto:Haoyun18202318@163.com
mailto:xiongxin6677@163.com
mailto:wzrunfly@163.com


J. Electrical Systems 20-7s (2024): 400-408 

 

401 

strategies to optimize performance and extend battery life. 

In today's continuous advancement of battery technology, accurate estimation of SOC and SOP not only affects 

the direct performance of the battery, but also relates to the overall efficiency and reliability of the system [3]. 

Therefore, the continuous optimization of these estimation methods will provide a solid foundation for the 

development of electric vehicles (EVs), renewable energy storage, and other battery-dependent applications. 

2. Importance of SOC and SOP 

SOC is the ratio of the battery's remaining charge [4], which is the percentage of the battery's current stored 

charge to its maximum storable charge. An SOC is a unitless quantity, usually expressed as a percentage. For 

example, an SOC of 100% means that the battery is fully charged, while an SOC of 0% means that the battery 

charge is completely released. 

In BMS, accurate estimation of the SOC is a core part of achieving efficient energy management and ensuring 

battery safety. SOC, as a key indicator to measure the ratio of current remaining battery power to the total, 

directly affects the operational efficiency, safety, and user confidence in battery endurance [5]. 

Accurate SOC estimation is essential to prevent battery overcharge and overdischarge. Overcharging the battery 

may lead to an increase in internal pressure, temperature, and even thermal runaway, while over discharging can 

cause the battery voltage to fall below the safety threshold, further affecting its performance and lifespan. By 

accurately monitoring SOC, BMS can ensure that the battery operates within a safe voltage and current range, 

thereby effectively avoiding these risks [6]. 

Accurate SOC estimation optimizes battery life. Batteries undergo physical and chemical changes during 

charging and discharging, which accelerate with the increase of battery usage time. By accurately estimating the 

SOC and adjusting the charge and discharge strategy accordingly, the aging process of the battery can be slowed 

down and its service life can be extended. For example, avoiding prolonged exposure to high SOC levels can 

significantly reduce the stress and capacity attenuation of lithium-ion batteries [7]. 

Accurate SOC estimates are essential to provide accurate range information. For EV users, accurate battery life 

prediction is an important basis for their vehicle planning. Inaccurate SOC estimates may lead to errors in 

driving range, which in turn affects users' vehicle scheduling and trust in EVs[8]. By improving the accuracy of 

SOC estimates, the user experience and market acceptance of EVs can be significantly improved. 

Therefore, the importance of SOC in BMS is self-evident. It is not only the basis for ensuring the safe operation 

of batteries, but also the key to optimizing battery life and improving user experience[9]. With the continuous 

advancement of battery technology and management systems, the accuracy of SOC estimates will be further 

improved in the future, laying a more solid foundation for the development of battery-dependent applications. 

SOP refers to the maximum power that a battery can safely deliver or absorb at a specific SOC. SOP reflects the 

load capacity of the battery over a short period of time, including both discharge power (that is, the ability to 
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provide energy) and charge power (that is, the ability to absorb energy). Accurate estimation of the SOP helps to 

optimize the performance of the battery and ensure that the battery can perform at its maximum performance 

under different operating conditions[10]. 

SOP is the ratio of peak power to nominal power. According to the literature definition[11], under the design 

voltage, current, SOC and power constraints, the maximum power that the battery can continuously provide in T 

seconds is defined as the peak power. After the peak power of the battery is obtained, the power state of the 

battery can be calculated by equation (1)[12]. 

{
 
 

 
 𝑆𝑂𝑃𝑐ℎ𝑔 =

𝑃𝑚𝑖𝑛
𝑐ℎ𝑔

𝑃𝑛
𝑐ℎ𝑔

× 100%

𝑆𝑂𝑃𝑑𝑖𝑠 =
𝑃𝑚𝑎𝑥
𝑑𝑖𝑠

𝑃𝑛
𝑑𝑖𝑠

× 100%

#(1) 

SOP𝑐ℎ𝑔 indicates the charging power status, SOP𝑑𝑖𝑠 indicates the discharge power status, 𝑃𝑚𝑖𝑛
𝑐ℎ𝑔

 indicates the 

peak battery charging power, 𝑃𝑚𝑎𝑥
𝑑𝑖𝑠  indicates the peak battery discharge power, and P𝑛 indicates the nominal 

battery power. 

In the design and operation of electric vehicles, the BMS plays a crucial role in the accurate estimation of the 

battery SOP. SOP reflects the maximum power that a battery can safely deliver or absorb in a short period of 

time and has a direct impact on the acceleration performance of an electric vehicle and the optimization of 

regenerative braking systems. Through accurate SOP estimation, BMS can ensure that electric vehicles maintain 

high performance while not exceeding the safe operating range of the battery[13]. 

Accurate estimation of SOP is crucial for the optimization of EV acceleration performance [14]. The power of 

an EV comes mainly from its battery system, so it requires a large amount of energy to be released by the 

electric fast pool during acceleration. If the SOP estimation is too low, it may limit the acceleration capacity of 

the electric vehicle; On the contrary, excessive estimates may lead to excessive battery discharge, increasing 

safety risks. By accurately estimating the SOP, BMS can maximize the power output of the electric vehicle 

while ensuring safety and improving the user's driving experience. 

For regenerative braking systems, accurate estimation of SOP is equally crucial. The regenerative braking 

system effectively improves energy utilization by recovering energy into the battery during the braking process. 

However, the energy that batteries can safely absorb in a short period of time is limited, which requires BMS to 

accurately estimate this maximum capacity to avoid damage to the battery during regenerative braking. It not 

only protects the battery, but also ensures the efficient operation of the regenerative braking system[15]. 

Accurate estimation of the SOP is also critical to the design of thermal management systems for electric vehicles. 

Under high load conditions, the heat of the battery will increase sharply. If not controlled through effective 

thermal management, it may lead to a decrease in battery performance or even damage. Accurate estimation of 

BMS through SOP can predict and manage the heat generated by batteries, optimize the design of thermal 
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management systems, and ensure the safety and performance of batteries [14]. 

In order to achieve accurate estimation of SOP, researchers have developed a variety of methods, including 

prediction based on electrochemical models, real-time monitoring techniques of empirical models and 

estimation methods based on machine learning[17]. These methods improve the accuracy and reliability of SOP 

estimation and provide technical support for performance optimization and safety management of electric 

vehicles. 

Therefore, the evaluation of SOP in BMS is of great significance for the performance optimization and safety 

management of electric vehicles. By accurately estimating the maximum power output of the battery, it is 

possible to maximize the performance and energy efficiency of the electric vehicle while ensuring safety. 

3. SOP joint estimation method based on SOC constraints 

SOP estimation cannot directly utilize real-time collected data such as current and voltage for calculation. The 

estimation methods of SOP can be mainly divided into two categories, one based on characteristic curve graphs, 

and the other relying on electrochemical models. As a result, the accuracy of SOP estimation is largely 

influenced by the accuracy of SOC estimation. The characteristic curve graph method determines SOP by 

interpolation or function operation of SOC, therefore, the accuracy of SOP estimation based on characteristic 

curve graphs closely depends on the accuracy of SOC estimation. The error in SOC estimation based on 

electrochemical models can directly affect the accuracy of model parameters, open circuit voltage (OCV), etc., 

thereby affecting the accuracy of SOP estimation results [16]. 

Therefore, SOP estimation based on battery SOC constraints is essential for the design and optimization of BMS. 

The SOC of a battery, as a measure of the battery's remaining power, is directly related to the maximum power 

that the battery can output. At different SOC levels, key parameters such as the internal resistance, voltage and 

temperature of the battery change, which in turn affects the SOP. As a result, accurate estimation of SOP under a 

given SOC constraint is of great significance for efficient utilization and life extension of the battery. In addition, 

accurate SOP estimation can guarantee the safe operation of the battery under high power demands, avoiding 

damage caused by excessive discharge or charging. 

N is defined as the number of cells in a series battery pack, the voltage of the NTH cell in the battery pack is 

ν𝑛(t), and for all cells, the charge off voltage of the cell voltage is ν𝑚𝑎𝑥 , and the discharge off voltage of the cell 

is ν𝑚𝑖𝑛; If the SOC of the battery is set to 𝑆𝑂𝐶(𝑡), then the maximum is 𝑆𝑂𝐶𝑚𝑎𝑥  and the minimum is 

𝑆𝑂𝐶𝑚𝑖𝑛 . P𝑛(t) represents the power of the battery, P𝑚𝑎𝑥  represents its maximum value, P𝑚𝑖𝑛 represents its 

minimum value, i𝑛(t) represents the battery current, i𝑚𝑎𝑥  represents its maximum value. i𝑚𝑖𝑛 represents its 

minimum value. Because the battery discharge current is positive and the charging current is negative, the 

absolute value of 𝑖𝑚𝑖𝑛
𝑐ℎ𝑔

 actually represents the peak charging current, and 𝑃𝑚𝑖𝑛
𝑐ℎ𝑔

 actually represents the peak 

charging power 

The estimation of the maximum discharge current of the battery is based on ensuring that the voltage of the 
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battery remains within the safe range (i.e. between ν𝑚𝑖𝑛 and ν𝑚𝑎𝑥). Under discharge conditions, if the internal 

resistance of a single battery pack is set as R𝑑𝑖𝑠,∆𝑡 , considering that the terminal voltage 𝜈(𝑡) of the battery 

should meet the voltage range for safe operation, it can be obtained: 

𝜈(𝑡) = 𝑈𝑂𝐶(𝑆𝑂𝐶(𝑡)) − 𝑖(𝑡)𝑅 (2) 

This method takes into account the various constraints of the battery in actual operation, especially the limitation 

of the battery terminal voltage. 

The basis for estimating the maximum power of the battery pack is to maintain the voltage range of the battery 

between ν𝑚𝑖𝑛 and ν𝑚𝑎𝑥. 

Under discharge conditions, the internal resistance of a single battery pack is set to R=R𝑑𝑖𝑠,∆𝑡 , then the 

maximum discharge current of the battery is: 

𝑖𝑚𝑎𝑥,𝑛
𝑑𝑖𝑠,𝑣𝑜𝑙𝑡 =

𝑂𝐶𝑉(𝑆𝑂𝐶(𝑡)) − 𝜈𝑚𝑖𝑛
𝑅𝑑𝑖𝑠,∆𝑡

#(3) 

The maximum power output of the battery pack is: 

𝑃𝑚𝑎𝑥
𝑑𝑖𝑠 = 𝑁𝜈𝑚𝑎𝑥 × 𝑖𝑚𝑎𝑥,𝑛

𝑑𝑖𝑠,𝑣𝑜𝑙𝑡 (4) 

Under charging conditions, the internal resistance of the battery pack is set to R = R𝑐ℎ𝑔,∆𝑡，, and the maximum 

charging current of a single battery can be calculated according to formula (3) : 

𝑖𝑚𝑖𝑛,𝑛
𝑐ℎ𝑔,𝑣𝑜𝑙𝑡

=
𝑂𝐶𝑉(𝑆𝑂𝐶(𝑡)) − 𝜈𝑚𝑎𝑥

𝑅𝑐ℎ𝑔,∆𝑡
(5) 

The maximum charging power of the battery pack is: 

𝑃𝑚𝑖𝑛
𝑐ℎ𝑔

= 𝑁𝜈𝑚𝑎𝑥 × 𝑖𝑚𝑖𝑛,𝑛
𝑐ℎ𝑔,𝑣𝑜𝑙𝑡 (6) 

In the above estimation, the terminal voltage constraint is added to the charging current constraint. In this paper, 

SOP estimation based on battery SOC constraint is carried out to predict the maximum power output capacity of 

the battery under different energy states. This approach helps to optimize the use of batteries, extend their 

service life, and ensure safety and reliability in a variety of applications. Future research will further explore 

more complex battery models and high-precision estimation algorithms to adapt to the growing needs of battery 

applications. 

The maximum charging capacity of the battery can be estimated based on the charging power and discharge 

power of the lithium-ion battery. The relationship between the SOC of a battery and the current 𝑖𝑛 is: 

𝑆𝑂𝐶(𝑡 + ∆𝑡) = 𝑆𝑂𝐶(𝑡) −
𝜂𝑛𝑖𝑛∆𝑡

𝑄
(7) 

Where 𝜂𝑛 represents charging efficiency. Assuming that in the process of discharge 𝜂𝑛 = 1, in the process of 



J. Electrical Systems 20-7s (2024): 400-408 

 

405 

charging 𝜂𝑛 ≤ 1, then the maximum discharge current and charging current of each battery is: 

𝑖𝑚𝑎𝑥,𝑛
𝑑𝑖𝑠,𝑆𝑂𝐶 =

(𝑆𝑂𝐶(𝑡) − 𝑆𝑂𝐶𝑚𝑖𝑛)𝑄

∆𝑡
(8) 

𝑖𝑚𝑖𝑛,𝑛
𝑐ℎ𝑔,𝑆𝑂𝐶

=
(𝑆𝑂𝐶(𝑡) − 𝑆𝑂𝐶𝑚𝑎𝑥)𝑄

𝜂∆𝑡
(9) 

Given the uncertainty in the estimate of the battery SOC, the confidence is 99.7% according to the 3σprinciple. 

This is a conservative estimate. The maximum discharge and charging current formula are as follows: 

𝑖𝑚𝑎𝑥,𝑛
𝑑𝑖𝑠,𝑆𝑂𝐶 =

(𝑆𝑂𝐶(𝑡) − 3𝜎𝑆𝑂𝐶,𝑛 − 𝑆𝑂𝐶𝑚𝑖𝑛)𝑄

∆𝑡
(10) 

𝑖𝑚𝑖𝑛,𝑛
𝑐ℎ𝑔,𝑆𝑂𝐶

=
(𝑆𝑂𝐶(𝑡) + 3𝜎𝑆𝑂𝐶,𝑛 − 𝑆𝑂𝐶𝑚𝑎𝑥)𝑄

𝜂∆𝑡
(11) 

After calculating the current limit of a single battery, the maximum discharge current and maximum charge 

current of the battery pack can be determined according to (10) and (11) : 

𝑖𝑚𝑎𝑥
𝑑𝑖𝑠 = 𝑚𝑎𝑥(𝑖𝑚𝑎𝑥 , 𝑖𝑚𝑎𝑥,𝑛

𝑑𝑖𝑠,𝑆𝑂𝐶 , 𝑖𝑚𝑎𝑥,𝑛
𝑑𝑖𝑠,𝑣𝑜𝑙𝑡) (12) 

𝑖𝑚𝑖𝑛
𝑐ℎ𝑔

= 𝑚𝑎𝑥(𝑖𝑚𝑖𝑛 , 𝑖𝑚𝑖𝑛,𝑛
𝑐ℎ𝑔,𝑆𝑂𝐶

, 𝑖𝑚𝑖𝑛,𝑛
𝑐ℎ𝑔,𝑣𝑜𝑙𝑡

) (13) 

The power of the battery can be expressed as the product of current and voltage, and the charge and discharge 

current of the battery can be calculated by formulas (12) and (13). The terminal voltage value of the battery can 

be obtained by modeling the equivalent circuit of the battery, and the peak current and terminal voltage can be 

multiplied to obtain the SOP estimated value based on the SOC constraint of the battery. 

{
𝑃𝑚𝑖𝑛
𝑐ℎ𝑔,𝐿

= 𝜈(𝑡) × 𝑖𝑚𝑖𝑛
𝑐ℎ𝑔

𝑃𝑚𝑎𝑥
𝑑𝑖𝑠,𝐿 = 𝜈(𝑡) × 𝑖𝑚𝑎𝑥

𝑑𝑖𝑠
#(14) 

Where 𝑃𝑚𝑖𝑛
𝑐ℎ𝑔,𝐿

 is the continuous peak charging power, and 𝑃𝑚𝑎𝑥
𝑑𝑖𝑠,𝐿

 is the continuous peak discharge power. The 

obtained power value is the estimated SOP value required. 

The battery itself has a design current limit, which can be considered to combine with SOC and terminal 

voltage to estimate SOP. When the lithium battery is discharged, the current is positive, and the minimum value 

under the three constraints is taken. When the lithium battery is charged, the current is negative, and the 

maximum value under three constraints is taken. That is, 

{
𝑃𝑚𝑖𝑛
𝑐ℎ𝑔,𝐿

= 𝜈(𝑡) × 𝑖𝑚𝑖𝑛
𝑐ℎ𝑔

𝑃𝑚𝑎𝑥
𝑑𝑖𝑠,𝐿 = 𝜈(𝑡) × 𝑖𝑚𝑎𝑥

𝑑𝑖𝑠
#(15) 

Accurate estimation of battery SOP is important for BMS design and battery performance optimization, 

especially in applications that ensure safe battery operation and maximize battery efficiency. 

4. Simulation verification of SOP estimation under SOC constraints 
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4.1 Determination of constraints 

In this paper, the lithium-ion battery capacity is set at 100Ah, and the SOC is controlled at 10%-90% (positive 

and negative) to meet the needs of electric vehicles for power performance. Charge/discharge cut-off voltage, 

maximum current and other limitations are listed in Table 4.1. 

Table 4.1 Constraint conditions of Li-ion battery parameters in SOP estimation 

Parameter Maximum value Minimum value 

Ud 4.2V 2.5V 

I 120A -60A 

SOC 90% 10% 

4.2 SOP estimation and verification under DST conditions 

Analyze the system SOP under DST conditions. By analyzing the data, under DST conditions, as the experiment 

progresses, the peak current and peak power of the battery during the charging phase show a significant increase, 

and the corresponding SOP also shows an upward trend. In contrast, the performance during the discharge stage 

is exactly the opposite, with a gradual decrease in peak current and peak power, and it is at a higher level in the 

early stages of the experiment. 

Further analysis finds that the charge cycle has a direct impact on key indicators of battery performance, 

including peak current and SOP. Specifically, with the extension of the charging cycle, these indicators show an 

increasing trend; When the charging cycle is shortened, they decrease accordingly. In addition, with the passage 

of experimental time, the depth of discharge of the battery continues to deepen, and the voltage in the charging 

stage gradually drops to the discharge termination voltage, thus achieving the maximum limit on the current.  

 

Fig4.1  Charging peak current at different durations    Fig4.2  Charging peak power at different durations 
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Fig4.3  Peak discharge current at different durations    Fig4.4  Peak discharge power at different durations 

5. Summary 

This paper explores an innovative approach to SOP estimation based on SOC constraints. An algorithm is 

proposed to accurately predict the maximum power output of the battery at any given point in time by analyzing 

the charge and discharge cycle of the battery and the corresponding SOC changes. The core of this method is to 

use the dynamic SOC data of the battery combined with advanced mathematical models to accurately estimate 

the real-time power capacity of the battery. The experimental results verify the effectiveness of this method 

under various working conditions. This estimation method maintains a high degree of accuracy and reliability 

even when batteries age or environmental conditions change significantly. This research can be widely applied 

in electric vehicles and renewable energy storage systems, and SOP estimation based on SOC constraints is of 

great significance and practical value for optimizing battery performance and prolonging its service life. 
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