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Abstract—In this thesis, we design and implement the deg-
radation state diagnostic system for supercapacitors. In 
order to detect the degradation degree of supercapacitors, it 
is necessary to measure the changes of parameters that in-
clude capacitance, ESR (equivalent series resistance) and 
the leakage current. The way to obtain these parameters is 
to collect the voltage and current values by the data acquisi-
tion card. And then the data are transmitted to the software 
of LabVIEW to calculate the parameters. By comparing the 
values of capacitance and ESR with the original values sep-
arately, the degradation state of the supercapacitor can be 
estimated. 

Index Terms—supercapacitor degradation state, capaci-
tance, ESR, leakage current 

I. INTRODUCTION 
Currently, the virtual instrument is the hotspot tech-

nology in the field of measurement and control. It repre-
sents the future development direction of the instrument 
technology. LabVIEW is a widely used software plat-
form. In terms of software, it has perfect software fea-
tures and a large number of test-related functions. In 
terms of hardware, it includes variety of signal acquisi-
tion and processing boards which can be used to meet 
requirements of measurement and control systems. 

The electrochemical capacitor, called supercapacitor 
for short, is a new energy storage device between tradi-
tional capacitors and storage batteries. Compared with 
traditional capacitors, it has the characteristics of large 
capacity, high energy, and wide operable temperature 
range. Compared with storage batteries, it has a high ratio 
of power, can be charged and discharged within a short 
time and moreover it is environment-friendly [1-2]. With  
so many advantages, the supercapacitor contains huge 
value and potential market in the application of cars (es-
pecially electric vehicles, hybrid cars and special load 
vehicles), electricity, railways, communications, national 
defense, electronic products and so on [3]. So it draws 
attention of many countries. With the widespread appli-
cation of supercapacitors, detecting the degradation state 
of the supercapacitor is also becoming increasingly im-
portant. By measuring the voltage and current data in the 
charging and discharging processes, it is able to get val-
ues of capacitance, ESR and the leakage current. Ac-
cording to the capacitance and ESR changes, we can di-
agnose the degradation state of the supercapacitor. So we 
design the system to realize the function. In the system, 
the PCI9812 data acquisition card is used for mul-
ti-channel data acquisition. Data processing and compu-
ting are conducted in LabVIEW. 

II. SUPERCAPACITOR 
We detect the degradation state of the supercapacitor. 

The classical equivalent model of the supercapacitor is 
shown in Figure 1. In the model, C is an ideal compo-
nent, which represents the storage capacity of the super-
capacitor; Res is ESR, which represents the internal heat 
loss of the supercapacitor; Rep is the equivalent parallel 
resistance, which impacts the long-term energy storage of 
the supercapacitor and is usually represented by the 
leakage current [1, 4]. It has been found that the capaci-
tance and ESR are key parameters which affect life and 
degradation state of the supercapacitor. The leakage cur-
rent has little effect on the degree of the supercapacitor 
degradation state [5]. So we choose capacitance and ESR 
to evaluate the degradation state of the supercapacitor. 
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Figure 1.  The classical equivalent model of the supercapacitor 

There are three methods to measure the supercapacitor 
capacitance: constant time method, constant current 
charging method and constant current discharging meth-
od. We chose the second method in the system. Capaci-
tance of capacitors follows the calculation formula.  

 CVQC /=  (1) 

When the charging current of the capacitor is constant, 
the formula can be converted to the form as follows [6].  

 CVItC /=  (2) 

It also can be expressed as follows. 

 CVtIC !!= /  (3) 
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ESR has a significant influence on the efficiency and 
reliability of the supercapacitor. The method of constant 
current charging is used in the system. The voltage across 
the supercapacitor rises linearly during the charging pro-
cess. Due to the existence of the ESR, the voltage will 
increase by a variable of U0 at the moment of charging. 
The variable of U0 is the voltage drop across the ESR [7].  

 IUESR /0=  (4) 

 The leakage current is generated by electric double 
layer ions in the charge-discharge process, which suffers 
the resultant force action of two forces. One is the elec-
trostatic attraction of opposite charges in the electrode. 
The other is the electrolyte ion concentration gradient of 
the body caused by migration [8]. Leakage current al-
ways exists during the charging process. If the time is 
long enough, the charging current decreases to a certain 
value. At this moment, the charging current only com-
pensates for the leakage current. Therefore the value of 
the charging current is the value of the leakage current. 

When the capacitance decreases by 20%, it is defined 
that the supercapacitor is failed. For ESR, it is twice of 
the original value [9-10]. When one of the two parame-
ters, capacitance or ESR, meets the failure condition, it is 
defined that the supercapacitor reaches the failure state. 

III. THE OVERALL STRUCTURE OF THE SYSTEM 
The system consists of three parts which are signal 

conditioning circuits, the data acquisition card and the 
PC. Signal conditioning circuits are mainly to adjust the 
range of the voltage and convert the current value into a 
voltage value. The data acquisition card transmits the two 
signals to a PC. In the software, the voltage and current 
data are processed to get capacitance, ESR and leakage 
current of the supercapacitor. Thus we can detect the 
degradation state of the supercapacitor. The overall 
structure of the system is shown in Figure 2. 

A. Hardware design of the system 
The hardware design of the system includes the selec-

tion of the data acquisition card and signal conditioning 
circuits design. Data acquisition card connects to signal 
conditioning circuits through the probe and to a PC 
through the PCI bus. 

B. Data acquisition card 
There are two signals that need to be collected. We se-

lect the PCI9812 data acquisition card to carry out the 
feature of multi-channel data acquisition. The PCI9812 
data acquisition card is designed with the following fea-
tures. It has four single-ended analog input channels, four 
12-bit A / D synchronous sampling conversion, on-board 
32K sampling A / D FIFO and uses bus control DMA 
data transmission. Its sampling rate is up to 20MHz, thus 
making it able to complete high-speed data acquisition. It 
has two signal input ranges, -1V ~ +1 V and -5V ~ +5 V. 
The corresponding precisions are 0.008V and 0.04V. The 
voltage and current signals are necessary to be measured 
to get he capacitance,  ESR and leakage current. The 
restriction is the accuracy of the ESR. The value of the 
ESR is several m!. The voltage of ESR is several mV at 
most. So the data acquisition card select the range of -1V 
~ +1 V. 
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Figure 2.  The overall structure of the system 
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Figure 3.  Signal conditioning circuits 

C. Signal conditioning circuits 
Signal conditioning circuits adjust voltage across the 

supercapacitor to -1V ~ +1V, and convert the charging 
current value to a voltage value. In this way, we can ac-
quire the voltage data directly. The charging voltage of 
the supercapacitor is 2.7V. In the signal conditioning 
circuits, the voltage across the supercapacitor is de-
creased to 1/3 of the original value. The charging current 
is 1A. A resistor with its value being 1!, the supercapac-
itor and the voltage dividing circuits are connected in 
series. The current value is converted to a voltage value 
through the resistor. Thus the measured voltage value is 
the current value. Signal conditioning circuits is shown in 
Figure 3. 

IV. SOFTWARE DESIGN 
The system is based on LabVIEW8.6 software plat-

form. We use dynamic link library files compiled by VC 
to drive the data acquisition card. The PCI9812 data ac-
quisition card for multi-channel data acquisition is con-
trolled by software. The acquired data are sent to Lab-
VIEW to calculate. After filtering, on one hand, the volt-
age and current value are displayed in real time. On the 
other hand, the data are processed and calculated to ob-
tain the capacitance, ESR and leakage current value. By 
comparing the capacitance and the leakage current value 
with the original value separately, we can obtain the deg-
radation state of the supercapacitor. 

A. Data acquisition 
The producer / consumer model is applied in the sys-

tem to implement data acquisition and processing asyn-
chronously. The data acquisition is completed in the 
producer loop. 

The structure of the producer / consumer utilizes the 
data storage by means of the queue. The queue opens up 
a buffer, based on the first-in and first-out (First Input 
First Output, FIFO) principle [11]. The producer / con-
sumer structure creates queues which can store data and 
extract data in a parallel manner. In this way, it is possi-
ble to avoid data losses caused by time delay. In the sys-
tem, it involves both voltage and current data acquisition 
and processing, so we create two queues. In the queues, 
the storage units are arrays. 
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Figure 4.  The specific data acquisition program 

In LabVIEW, there are three methods to drive data 
acquisition cards: directly using LabVIEW In Port, Out 
Port icons; using the LabVIEW CIN icon to generate sub 
VI of A / D cards drivers; using LabVIEW Call Library 
Function icon to call dynamic link library functions of 
data acquisition cards [12]. Here we drive the data acqui-
sition card by the third method. The multi-channel data 
acquisition program for PCI9812 data acquisition card is 
generated to DLL library functions for LabVIEW. The 
specific data acquisition program is shown in Figure 4. 

B. Data processing 
The data processing is completed in the consumer 

loop. In the producer loop, current and voltage data are 
splitted into two queues. The data dequeue in the con-
sumer cycle and then are filtered. Through that we obtain 
capacitance, ESR and the leakage current value. Changes 
of the previous two parameters determine the degradation 
state of the supercapacitor. At the same time, the voltage 
and current data are displayed in real-time. 

At first, filter is conducted. According to the phenom-
enon that the voltage and current changes in the charging 
process are relatively flat, and the existence of ripple and 
sharp pulse, Butterworth low-pass filter is selected. The 
passband of Butterworth low-pass filter is very smooth, 
and the transition zone is relatively wide. The parameters 
of Butterworth low-pass filter are that the order is 5 
which can reduce the transition zone width ffectively and 
the low-pass cut-off frequency is 100Hz. 

Then we get three parameters of the supercapacitor: 
capacitance, ESR and the leakage current. The flow 
charts are shown in Figure 5. For current data, we first 
remove the front data that introduced by the filter. And 
then we obtain the average of the rest. Next we take the 
data within a certain range to re-compute the average 
current value. The mean value of the current data is the 
leakage current after charging for 72h. In the system, we 
define that the current value is the leakage current when 
the voltage of the supercapacitor reaches 2.65V. And we 
display the leakage current. The current value is also used 
as the parameter in the calculation of capacitance and 
ESR. 

In accordance with the front-end signal conditioning 
circuits, the voltage data are reverted. And then the same 
operation as the current data is performed with the volt-
age data. Thus we can obtain the mean value of the volt-
age data. We caculate the voltage values in the con-
stant-current range, fit a straight line.The vertical axis  
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Figure 5.  The flow charts 

intercept of the line is the voltage drop of the ESR, the 
slope of the line can be expressed as the formula. 

 tVS C !!= /  (5)   

According to the formula of the capacitance, we can 
obtain the capacitance of the supercapacitor.  

The degradation state is determined by the detected 
values and original values of the supercapacitor. After 
getting the two parameters, capacitance and ESR, we can 
begin to detect the degradation state of the supercapaci-
tor. The definition of degradation value is according to 
the following formula. 

 %100)2.0/()( 010 !!" CCC  (6)   

 %100)2/()( 001 !!" ESRESRESR  (7)   

Where C0 and ESR0 represent the original values C1 
and ESR1 represent the detected values. We compare the 
degradation values of capacitance and ESR, and select 
the larger one as the degradation value. If the degradation 
value is 100, the supercapacitor is failed. 

V. THE SUPERCAPACITOR TEST 
The test samples whose rated voltage is 2.7V are pro-

duced by Maxwell. The factory parameters of the super-
capacitor are as follows: the capacitance, ESR and leak-
age current are 350F, 3.2m! and 0.3mA separately. The 
voltage and current change of the supercapacitor during 
the charging process is shown in Figure 6. The limit val-
ue of the current is 1A in the charging process. In the 
actual process, the charging current starts from about 
0.96A. When the current is less than 0.95A, it decreases 
rapidly. So we define it as the constant current process 
when the current is greater than 0.95A. In the constant 
current charging, the voltage changes linearly. 

The leakage current should be measured after charging 
for 72 hours. While in the experiment, it is not easy to 
achieve. In order to get the relationship between leakage 
current and time, we do the research that the leakage cur-
rent changes over time with the new supercapacitor. Ac-
cording to the actual situation, the supercapacitor charges 
for 14 hours. With these data, a curve of the leakage cur-
rent versus time is obtained. We select the Curve Fitting 
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Figure 6.  The charging process of the supercapacitor 

Toolbox CFtool of Matlab to curve fitting. The fitting 
results are shown in Figure 7. The experimental results 
show that the charging process is completed in 45 
minutes. We select the leakage current value of charging 
for 45 minutes to obtain the corresponding leakage cur-
rent of 72 hours after the test. 

VI. SYSTEM TEST 
The system test includes two parts. The first part is to 

detect the accuracy of the three parameters with unused 
supercapacitors. The second part is to detect the degrada-
tion state of the supercapacitor which has used for a pe-
riod of time. 

Firstly, we detect the initial state of the supercapacitor 
and get the parameters detection results after charging for 
45 minutes. According to the regulations, the supercapac-
itor is normal if the capacitance does not exceed 20% of 
the standard value. In the detection, capacitance and ESR 
are 355F, 0.0035! respectively. By comparing capaci-
tance and ESR with the given supercapacitor standard 
values, we can see that the detection result of the capaci-
tance and ESR value is correct. 

Due to the presence of incomplete discharging phe-
nomenon, we take the initial voltage of the supercapacitor 
into account. We do the test with the supercapacitor 
which has used for a period of time. From the experi-
mental results, we can see that the voltage of the super-
capacitor is less than 2.65V after charging for 45min. At 
this moment, the leakage current has not been detected. 
So we choose the time when the voltage meets 2.65V, the 
test results are shown in Figure 8. As we can see from the 
results, ESR is significantly increasing and the constant 
current charging time is shortened, with using the super-
capacitor. 

VII. CONCLUSIONS 
The system achieves the detection of the degradation

state of the supercapacitor. Based on LabVIEW, we ob-
tain the capacitance, ESR and the leakage current in the 
system. And we diagnose the degradation state of the 
supercapacitor through the change of the capacitance and 
ESR. We design, test and implement the system with 
LabVIEW to improve the efficiency of programming 
compared with other programming language. The system 
needs to be perfected on some aspects. First, the accuracy 
of detecting the parameters of the supercapacitor needs to  

 
Figure 7.  The leakage current versus time curving fitting 

 
Figure 8.  The test results 

be improved. Next, whether the initial voltage of the su-
percapacitor affects the value of the parameters needs to 
be confirmed. We will try to solve these problems in the 
near future. 
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