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Abstract—This paper presents an integrated measurement 
platform for a solar cell based on virtual instruments. A 
programmable high-speed digital input and output[I/O] device 
was adopted to control the stepper motor to allow for changes 
in the load resistance of the solar cell return circuit. Then, four 
programmable digital multimeters were used to acquire the 
voltage and current of the solar cell and sensors. We obtained 
the results by analyzing the experimental data. The 
measurement accuracy and efficiency were greatly improved 
in the virtual instrument platform compared with the 
conventional measurement method, which is of great 
significance for scientific research. Section I describes the 
problems with the conventional measurements of solar cell 
parameters and presents a solution to these problems using 
virtual instrument technology. Section II describ the hardware 
design of the measurement system. Section III describ the 
software design of the virtual instrument measurement system. 
Conventional measurement methods and the virtual 
instrument measurement method are compared in section IV. 
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I. INTRODUCTION 
Currently ， the energy crisis is a serious problem 

worldwide. To solve this problem, many governments are 
developing photoelectric technology. One of the most 
pressing issues is establishing high-efficiency materials for 
photoelectric conversion. 

The performance of a solar cell is characterized by a 
variety of parameters, such as the open-circuit voltage, 
short-circuit current, irradiance, temperature, maximum 
power voltage, maximum power current, maximum power, 
fill factor and conversion efficiency. To estimate the solar 
cell performance and thus further simulate, design, fabricate, 
and provide quality control of  solar cells, an accurate 
knowledge of their parameters from experimental data is of 
vital importance[1]. 

Several methods for determining the parameters of solar 
cells have been proposed by several authors. Some of the 
methods involve the measurement of the illuminated I–V 
characteristics for a  single level or different levels of 
illumination, while some methods use dark conditions, or 
dark and illumination measurements[3]. We chose to 
employ the illumination measurement in this study. 

There are few instruments designed specifically for 
solar cell material measurements.To characterize a solar cell, 
it is necessary to measure some basic parameters using 

existing instruments and then perform many calculations, as, 
for example, in the measurement of the maximum power. 
We must manually adjust the load resistance, record the 
voltage and current via a traditional digital multimeter and 
then draw the curve of the voltage versus current. 

Conventional testing methods for solar cell materials are 
relatively unadvanced and have some distinct 
disadvantages.[4] 

1. They requires a significant amount of manual 
adjustment, the measurement accuracy is not high, and the 
methods are inefficient. 

2. After measuring the basic parameters, many 
calculations must be performed to obtain the result 
required.These repetitive tasks waste time. 

3. Because the temperature and irradiance are 
constantly changing, some parameters will change. The 
conventional measurement methods can only implement 
static measurements; dynamic measurements cannot be 
achieved. 

To solve these problems, we propose the use of virtual 
instruments to perform these measurements.[4] 

1. The load resistance can be  automatically controlled 
to a high-precision. The computer program controls digital 
multimeters with a precision of six and a half, which 
improves the accuracy and measurement efficiency over the 
conventional testing methods. 

2. A virtual instrument measurement system 
dynamically characterizes the solar cell parameters of the 
device under testing. Thus, dynamic measurements can be 
achieved. 

3. Experiment data can be further processed by 
software to obtain the required values of solar cell 
parameters or curves. Software can generate or print reports 
automatically. It greatly improved the efficiency of data 
processing. 

Solar cells have many parameters. Assuming that 
sufficient data sets have been obtained experimentally, the 
raw data must be converted into the local parameters of the 
solar cell[2]. We chose the measurement of the maximum 
power as an example. We must draw I-V curve and find the 
maximum product of the voltage and current. 

II. HARDWARE DESIGN 
To implement the maximum power measurement, we 

need a high-speed digital I/O device to control the stepper 
motor to allow for changes in the load resistance. The 
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step-length of the load resistance can be controlled by the 
virtual instrument software. Then two programmable digital 
multimeters were used to acquire the voltage and current of 
the solar cell. These data can be used to calculate the 
maximum power. The connection of the hardware is shown 
in Fig. 1. 

 
FIG.1. HARDWARE DESIGN OF THE VIRTUAL INSTRUMENT MEASUREMENT 

SYSTEM 

III. SOFTWARE DESIGN 
The software of the measurement system must generate 

the control signal, acquire data and analyze the 
experimental results. We choose NI PXI-6534 to generate 
the control signal and NI PXI-4072 to acquire the voltage 
and current[5,6,7,8]. The flowchart of the system is shown 
in Fig. 2. 

1. The software must first be initialized, to set the 
system to a known state. We call this process system 
initialization. 

2. NI PXI-6534 and NI PXI-4072 must be initialized. 
3. Some parameter configuration must be performed. 
4. NI PXI-6534 outputs the control signal to change the 

load resistance of the solar cell’s return circuit.  
5. NI PXI-4072 acquires the voltage and current of the 

solar cell. 
6. The acquired data are analyzed by the software. 

 
FIG.2. FLOWCHART OF THE SOFTWARE 

A software screenshot is shown in Fig. 3. All of the 
measurement parameters can be set in this software 
interface, including, for example, the step-length of the load 
resistance. The curve of voltage and current can be plotted 
by analyzing the data acquired by NI PXI-4072. Then, we 
can obtain the parameters of the solar cell by analyzing the 
curve. The measurement can be stopped at any time by 
clicking the stop button. The experiment results can be 
printed or saved as html, Word, Excel files. 

 
FIG.3. SCREENSHOT OF THE SYSTEM SOFTWARE 

IV. EXPERIMENT RESULTS 
The experimental results of a solar cell measured by the 

conventional method and the new designed measurement 
platform are shown  
in Table. 1. 

TABLE. 1  EXPERIMENTAL RESULTS (THE SECOND ROW SHOWS RESULTS 
OBTAINED USING THE CONVENTIONAL METHOD, AND THE THIRD ROW 

SHOWS RESULTS OBTAINED USING THE NEWLY DESIGNED MEASUREMENT 
PLATFORM) 

 
 
 
 
 
 
 
 

 

V. CONCLUSION 
The precision of the current and voltage in this method 

can reach 1 μA and 1 μV, respectively. Compared with the 
traditional measurement method, this system improve the 
precision by a factor of several hundred. The measurement 
accuracy and efficiency were greatly improved using the 
virtual instrument platform compared with the conventional 
measurement method which is of great significance to the 
scientific research on solar cells. 
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