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Abstract 
In view of environmental pollution, make full use of solar energy to improve the lighting 
problem of indoor vegetation planting, designed a PLC-based indoor light 
transformation device, the use of four photosensitive sensors, the optical signal into 
electrical signal, better data analysis, so as to control the stepper motor to adjust the 
angle of the light receiving board, so as to automatically track the sunlight source, and 
finally through the optical fiber transport to the designated location, to achieve the 
improvement of indoor vegetation light. 
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1. Introduction 

Everything depends on the sun for growth, and almost all of the earth's light and heat come from the 
sun, which maintains the survival and development of our human beings and various animals and 
plants, and once the sun stops supplying energy to the earth, life on the earth cannot survive [1]. The 
rapid development of modern science and technology, the invention of various optical power sources, 
cheap human life. But in today's serious environmental pollution, as a clean energy solar energy is 
more popular with the public, for some dimly lit areas, we should reduce the use of various types of 
optical power, with natural sunlight as an alternative. For indoor planting vegetation, the problem of 
light is more prominent, and light has three major effects on vegetation: First, the necessary conditions 
for vegetation photosynthesis; The second is used for the transpiration of vegetation to maintain 
normal metabolic processes; The third is to affect the establishment and growth and development of 
vegetative forms of vegetation [2]. This also determines that insufficient light will directly affect the 
growth and development of vegetation. 

In this regard, the design and development of a programmable controller as the core of the indoor 
light transformation device, without changing the existing indoor environmental conditions of 
vegetation, the outdoor natural light source is introduced, to create a suitable lighting environment, 
while improving the utilization rate of sunlight, energy saving and environmental protection, reducing 
environmental pollution to the environment. 

2. The Overall Design Framework of the System 

The system of the indoor light transformation device is composed of four modules, namely the control 
module, the analog data acquisition module, the human-computer interaction module, and the stepper 
drive module. The overall design framework for the system runs as shown in Figure 1. Four photo-
sensitive sensors collect the light signal, then convert the light signal into an analog signal, and enter 
the programmable controller for data analysis through the analog data acquisition module. Due to the 
different positions of the sun during the day, the angle of the light receiving plate will also be different, 
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so this device uses the light control technology of the light control tracking system [3]. It can make 
the normal of the daylighting surface always parallel to the sunlight, so that the entire daylighting 
surface is always facing the sunlight, reacting to the real-time change of lighting information, 
receiving the maximum amount of sunlight [4], thereby greatly improving the utilization rate of solar 
energy, and finally transmitting it to the designated place by the optical fiber to complete the 
established vegetation lighting task. 

 

 
Figure 1. System operation flowchart 

3. Interior Light Modification Device Hardware Design 

References are cited in the text just by square brackets [1]. (If square brackets are not available, 
slashes may be used instead, e.g. /2/.) Two or more references at a time may be put in one set of 
brackets [3, 4]. The references are to be numbered in the order in which they are cited in the text and 
are to be listed at the end of the contribution under a heading References, see Figure 1.  

3.1 Headings Analog Data Acquisition Module 

In view of the large number of signals required to be collected in the control system, the module 
consists of four light sensors and a multi-channel analog input special module [5]. The position of the 
four photosensitive sensors on the light receiving plate is shown in Figure 2, receiving sunlight from 
these four directions, using the photoconductivity effect of the photosensitive sensor to reflect the 
change in light intensity in real time, and converting the optical signal into an electrical signal; When 
there is no light, a high-impedance state is presented, so that the current in the circuit is reduced [6], 
at which point the analog data received by the light sensor is collected for subsequent comparison. 
As a four-channel analog input module, you can collect analog data corresponding to the first four 
directions in each channel. The analog quantity is then converted into a digital quantity inside the 
module for information processing and comparison of the programmable controller. The analog input 
module adopts the connection method of voltage signal, and the voltage signal range is 0-10V. The 
change of the light intensity in the front will be indirectly converted into the digital volume change 
of the internal program of the PLC [7], and the multi-channel analog data acquisition module with 
the PLC as the core control part realizes the real-time acquisition of the analog signal in the serial 
communication environment, and successfully develops the multi-channel analog data acquisition 
system based on the PLC by using the PLC and multi-channel analog data acquisition technology, 
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and then completes the instruction and digital transmission, and realizes the data reception and 
transmission process [8]. 

 

 
Figure 2. Sensor interface 

3.2 Headings Analog Data Acquisition Module 

The human-computer interaction system acts as a bridge between humans and machines, and the 
module adopts MCGS touch screen. In the configuration environment of the touch screen to complete 
the setting and reach a communication with the PLC, you can complete the data setting on the touch 
screen in the subsequent operation, according to the control function and requirements, the design of 
the human-computer interaction system control panel as shown in Figure 3, the system can set the 
speed or sensitivity of the rotating motor and the in and out motor through the control panel, and the 
realization of the data setting function is based on the communication protocol between the PLC and 
the touch screen. According to the different growth habits of different vegetation, the lighting 
environment of vegetation can be adjusted by changing parameters such as sensitivity to achieve a 
suitable growth environment for vegetation. Because the touch screen has the advantages of intuitive 
interface, fast operation and high flexibility [9], it can also be customized according to the needs of 
the configuration environment, so that the required parameters can be added to create a lighting 
environment suitable for vegetation growth. 

 

 
Figure 3. Human-computer interface 
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3.3 Stepper Drive Module 

The module consists of a stepper driver and a stepper motor, which is an actuator that converts 
electrical pulses into angular displacements, which will drive the rotation of the stepper motor by 
receiving a pulse signal. Every time the stepper motor receives a pulse signal, the rotor rotates at an 
angle, and the angular displacement of its output is proportional to the number of pulses input, and 
the speed is proportional to the pulse frequency. Controlling it using the number of pulses 
significantly improves the accuracy of positioning, and the stepper motor can respond dynamically 
with agility during operation, which not only improves the convenience of starting and stopping, but 
also effectively controls the rotation speed and rotation direction of the motor [10].This module is the 
basis for the realization of light control technology, the rotating motor and the influx motor control 
the change of the light receiving plate in the azimuth angle and height angle, along the axis of rotation, 
so that the entire daylighting surface is completely facing the sunlight, improving the utilization rate 
of solar energy. 

4. Software Design of Indoor Light Reconstruction Device 

 
Figure 4. Program flowchart 

 

As the core of the entire system, the control module is mainly composed of a programmable controller, 
which plays a role in process control. Through the internal program, the received signal is processed 
and compared, and then the corresponding feedback is made to the next stepper motor module. 

With TO and FROM instructions to the analog input module input of the four channels of data for the 
corresponding writing and reading, and then the corresponding data processing, in order to compare 
the data through the string contact point instruction, when the two relative photosensitive sensors 
received by the data to form a difference, it means that the sunshine has tilted, when the difference is 
formed and greater than the established sensitivity, the PLC will make the corresponding signal output, 
the general program flow as shown in Figure 4. After that, the PLC outputs the corresponding 
instructions to the stepper driver through the output signal, and then the corresponding stepper motor 
will make the corresponding orientation adjustment until the difference between the data of the 
alignment photosensor is even zero within the established range, that is, when the illumination light 
is directed light, the stepper motor will stop rotating. 
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The program has a high degree of flexibility, and means that the program can be changed or added or 
deleted according to the different growth habits of different vegetation to meet the respective growth 
needs of indoor vegetation. 

5. Conclusion 

In China, solar energy, as an emerging clean energy, started its research and utilization late. However, 
due to the various advantages of solar energy, coupled with the support policies of the state, a 
preliminary solar energy industry chain has been formed and shows good prospects for development. 
This device adheres to the concept of energy conservation and environmental protection, the structure 
is streamlined, the response speed is fast, the light transmission efficiency is more than 60%, the 
operation is simple and the layout is convenient, which can greatly improve the utilization rate of 
solar energy and contribute to the cause of energy conservation and environmental protection in China. 
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