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including the battery’s terminal voltage monitoring, ambient
temperature management and uniform charging of the battery
pack. A chip was thus designed by the study to serve as a
system to measure the remaining battery power, using an
open-circuit voltage measurement method to estimate the
battery power, and the Coulomb power integral method to
check the battery charging status [6]-[8]. As battery charging
comes in the form of a non-linear curve, so an integrated
voltage measurement method was employed to check and
assess the battery health status.

Abstract—High energy, high power and compact size
batteries are demanded on the current market of battery
applications. As battery has turned out to be one of the essential
components in driving high energy-consuming products, the
development of battery is greatly important. Battery
Management System (BMS) has become a very important core
technology to play the major roles in performing safety
monitoring, and effective control and management of the battery
pack to improve the service performance and reliability of the
vehicle while it is running. In this paper, the Coulomb integral
measurement method was adopted as a checking device to
compute the battery capacity as it can be implemented on
different battery types and has an average current measurement
error rate of only 1%. While the general testing devices require
the battery to go through a complete charging process, the
integrated voltage measurement method has the advantage to
effectively save the battery checking time. When a 3000mAh
battery is used in checking its performance, the normal checking
time of 155 minutes can be reduced to 45 minutes while using the
checking method adopted by the method proposed in the paper.

However, the methods mentioned above are used
individually; they are unable to yield a high accuracy. To
improve the accuracy and reliability of battery power
estimation, the battery aging degree is an essential correction
parameter. Thus, for the traditional open-circuit voltage
estimation method of residual power estimation method
accompanied with aging parameter and the Coulomb
ampere-hour integral algorithm, the BMS is required to
design with a battery aging parameter. Hence, the study on
battery performance measurement is a very important issue.
Two major battery aging estimation methods are: (1) the
full charge-discharge method which involves predicting the
total battery capacity after the battery has finished a
charging-discharging cycle and left still until a steady state so
we can estimate the total battery capacity, and further
calculate the battery performance through the ratio between
the total capacity of the battery and its total original capacity.
The process may normally take a few hours and cannot be
detected instantly; (2) the battery aging status estimation
method which involves measuring the battery’s internal
resistance under different charging-discharging states, i.e., it
uses an impedance method to perform a discharge check to
achieve the battery monitoring purpose. However, this
method must be conducted with a high-precision and
expensive internal resistance measuring device.

Index Terms—Battery Management System, Battery
performance, Coulomb’s Law, Hall element, Micro-controller

I. INTRODUCTION
As BMS has currently been used extensively, the system
has been successfully developed to provide a balanced
electrical discharge and battery protection. The BMS is able
to record the electric vehicle’s battery conditions under the
state of charge (SoC) and to monitor the battery status to
achieve a protection function [1]. The system utilizes an
algorithm to compute the battery aging degree within the
reminding charging time. As the state of health (SoH) is an
important basis in battery station maintenance and
updating[2], so a battery exchange point was set up for
managing purpose by using the parameter identification to
determine if the batteries in the pack are consistent or not[3].
A portable power management device was designed to test the
Ni-ion, nickel-cadmium and nickel-metal hydride batteries
[4]-[6]. If the power supply status is unable to maintain within
the battery specifications, it will cause the batteries to age
rapidly; and the inconsistent aging degrees of batteries that
are connected in series will cause the battery power to reduce
and its performance to decline due to overcharging or
over-discharging. It is vital for the check system to determine
the battery aging degree by considering the battery status,

II. MATERIALS AND METHODS
a. Battery Check Method
The main purpose of the battery check method is to detect the
amount of power stored in the battery. It was initially applied
in charging-discharging control to prevent material damages
within the battery caused by overcharging or
over-discharging. Following the popularity of portable
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products lately, users are enthusiastic about the battery
capacity checking technology to help them clearly grasp the
battery current working status and its remaining working
capacity. Not only can the capacity checking technology find
out if the battery has been fully charged or discharged, but can
even assist users to master the instantaneously working status
of the battery.

the study for the battery checker to perform the battery check
after making the comparison analysis.
Table 1 Advantages and disadvantages of battery capacity
check methods.

Coulomb

It is suitable for all

It cannot get the

The battery capacity checking task is to predict the
battery’s electrical property changes during the charging and
discharging processes. However, as the majority of batteries
are composed of different materials and different internal
structures, each battery has its own unique battery charging
and discharging characteristics; thus, each battery may also
have its own special, most suitable and most accurate battery
capacity checking method.

integral

types of batteries

initial capacity and

To determine the most suitable battery capacity checking
method, we must first fully understand the charging and
discharging characteristics of each battery so we can decide
the most appropriate approach. Even if two batteries are
identical, their most appropriate battery capacity checking
method may vary depending on their working environment or
working manner (for example, one comes in constant current
discharge manner, and the other an intermittent current
discharge version). In short, we must be fully aware of the
battery charging and discharging characteristics and its nature
of work so we can decide the most suitable checking method.

method[11]

Methods

Advantages

Disadvantages

measurement

has to wait for a

method[9][10]

cycle discharging.

Open-circuit

It is simple and

It can only measure

voltage

accurate to measure

the initial capacity.

measurement

the initial capacity

Load voltage

It is simple and

It can only measure

method[12]

low-cost

one output current

Table look-up

It is easy-operated

The reference data

method [12]

and low-cost

can be only referred
to certain
conditions.

Inner

It does not need to

it needs an

There are individual advantages and disadvantages on
various types of checking techniques. Take the internal
resistance measurement method as an example, as it needs an
additional power source to perform the internal resistance
measuring, we cannot apply it on portable electrical
appliances due to the restraint.

resistance

consider a battery’s

additional power

detective[13]

condition and

source to perform

environmental

the internal

conditions

resistance measuring

Regarding the total battery capacity estimation method, it
has to be performed after the battery has finished a
charge-discharge cycle and left still until a steady state so we
can calculate the battery performance through the ratio
between the total capacity of the battery and its total original
capacity. The process may normally take a few hours and
cannot be detected instantly.

We will make a brief description on the current major battery
capacity check methods. The accuracy of some methods may
not be high if used individually; but if two or more check
methods are used simultaneously, they may make up for each
other’s deficiencies to yield a battery capacity check method
with high accuracy. There are currently two methods to
estimate the battery capacity. One method utilizes the voltage
sizes to determine the battery storage capacity, and the other
method uses the current output and input to calculate. We
know that when a battery voltage is at 10% to 90% of storage
capacity, its voltage changes are not obvious and the
remaining battery use time is hard to predict. In the
experiment, the Li-ion battery was chosen as the measurement
target to perform a series of battery capacity checks as to
develop a highly accurate and cost-efficient battery capacity
check system.

The relationship between the battery’s life cycle frequency
and voltage recovery rate after discharging can be done
through measuring the battery’s voltage recovery rate after
discharging, followed by calculating the battery aging status.
This is regarded as a rapid measuring and cost-effective
method.
While developing the battery capacity check method, we
must emphasize to correct the three effects of ambient
temperature, output current status and aging because these
three variations can significantly affect the battery
performance. Only then can we develop a battery check
method with high accuracy and high reliability.

b. The Hall element
The Hall element used in the study is capable of calculating
positive and reverse current flow values. If the current output
values come in the form of a positive current, the output signal
voltages are found to be 2.5V ~ 5.0V, and if the current output
values are in reverse curent version, the output signal voltages
are 0V ~ 2.5V (as shown in figure 1).

Table 1 is an analysis of measurement methods mentioned
above and shows their major advantages and disadvantages.
A most appropriate measuring method was then adopted by
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Fig.1 Hall Circuit – Voltage Output Corresponding Chart
After the calculation, the current values of Hall element

test was conducted at room temperature, with current passing

were compared with the measured values of ammeter to check

through the Hall element and then through the load.

if they are consistent. The test range was 0mA ~ 1000mA. The
Table 2 Output current values and error rates
Output current

Displayed current

Error rate

0mA

0 mA

0%

100 mA

102mA

2%

200 mA

204mA

2%

300 mA

295mA

1.77%

400 mA

403mA

0.75%

500 mA

489mA

0.22%

600 mA

602mA

0.3%

700 mA

701mA

0.14%

800 mA

797mA

0.375%

900 mA

907mA

0.78%

1000 mA

990mA

0.99%

Average error rate

The precision measuring error rate of the checking device

1%

with an average error rate of 1% (as shown in figure 2). So this

was found to be 1.5%, and the maximum measuring error rate

checking device was selected to calculate the battery capacity

conducted by the study on current 0mA ~ 1000mA was 2%,

in conjunction with the Coulomb measuring method.

Fig. 2 Current Accuracy Rate Analysis
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III. RESULTS
a.Analysis of 3000 mAh battery
While analyzing whenever each charging capacity has
reached the total capacity of 5%, the voltages were measured
to find out the corresponding voltage values. If the battery

performance test results were set to comply with the
performance test standard (i.e. voltage ≦ performance test
voltage), then we can determine that the battery performance
measurement is able to maintain in a sound state.

Fig.3 Chart for the performance comparison of 3000mA battery
As the performance comparison chart shows that the
measured battery capacities is in figure 3. The corresponding
voltage values of measured capacities done by Imax B8+ have
not exceeded the detected standard line; we can understand
that the performance of this battery has remained good. As
compared to a full charge that may consume two hours, this
checking device has only charged 20% of power to achieve
600mAh capacity, i.e. about 45 minutes to determine if the
battery is appropriate to be used further or not.
b. Analysis of 3000mAh Low-Performance Battery

While analyzing whenever each charging capacity has
reached 100mAh capacity, the voltages were measured to find
out the corresponding voltage values. If the battery
performance test results were set to comply with the
performance test standard (i.e. voltage ≦ performance test
voltage), we can then determine that the battery performance
measurement is able to maintain in a proper state.

Fig.4 Chart for the performance comparison of 3000mA Low-Performance battery
The performance comparison chart shows measured
capacities conducted by the study in figure 4. The
corresponding voltage values of measured capacities have
been done by Imax B8+. It is found that when the battery was
charged to 300mAh capacity by the study, the voltage was
3.79V to reach 10% of performance test standard. It is
determined as poor performance by the study. When the
battery was further charged approximately 5%, of about
150mAh to reach 450mAh capacity, it is noted that the battery
voltage is higher than the performance test voltage. Within
half an hour of charging time, it is found that the power
variances of battery voltages and standard voltage values have
become greater and greater, and the battery performance has
eventually been discovered to be far lower than the indicated
capacity. Therefore, it is not recommended to use this battery
further.

The future trend of battery applications should not be
overlooked. The Coulomb integral measurement method was
used by this paper to detect the battery power, which has the
advantages being applicable to all types of batteries and a
current error rate of only 1% to deem as having higher
capacity accuracy. After comparing with Imax B8+ charger
sold on the market, it is noted to have a capacity check
performance error rate of less than 2%. Furthermore, Imax
B8+ can only determine the result after the battery has gone
through a charging-discharging cycle, but the integrated
voltage method adopted by the paper is able to reduce the
checking time as compared to Imax B8+. The measuring time
on a 5000mAh mobile power pack has reduced from 276
minutes to 67 minutes, and that on a 3000mAh battery from
155 minutes to 45 minutes, which is shown in figure 5. In
other words, only about 30% of checking time is sufficient to
determine if the battery is appropriate to be used further or
not. Hence, these research findings can be used by users to
serve as a valuable reference.

IV. DISCUSSION
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Fig. 5 Charging Time and Performance Error
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