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Abstract. The artificial light plays a key role in the process of crop growth, the existing light supplement 
system lack condition on the light intensity controlling and variation of light demand in different stages and 
conditions. This paper presented a LED intelligent light supplement system, based on STM32 MCU to real-
time monitor light intensity of specific light spectrum, and utilized PWM signal to adjust the light intensity to 
meet the demands of supplementary. The testing results showed that this intelligent light supplement system 
was reliable, accurate and could provide light supplement in crop growth. 
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1. Introduction  

Light is the key factor limiting plant growth in the process of crop growth. Most of the facilities of 
agriculture at present stage in China mainly relies on the incandescent lamp, high-voltage sodium lamp and 
other traditional methods of light supplement. However, such traditional light sources have significant native 
disadvantages, including that: unsupervised spectral matching, producing light rather inefficiently and 
wasting a large proportion of the power[1].  

With the development of semiconductor technology, the LED light source has the following function: 
As a light source for plants to supplement light irradiation, it can achieve the desired goal at any time of 
the day, extend the lighting time, and also enhance the light irradiation effect; Regardless of weather 
conditions, it can be effective, prolonged and reasonably controlled by the light intensity needed by plants, 
and LED lamp has an advantage of low power consumption, high illumination, energy saving, and being 
complied with the concept of environmental protection are obtained, can solve the problem of light source in 
a certain degree[2]. Without considering the influence of light required at different stages of plants, many 
LED lamp take the regular approach of fixed light intensity and light spectrum, making difficulties for 
precisely controlling the light supplement time and intensity. 

In order to satisfy the demand for the light environment, this paper presented a LED intelligent light 
supplement system, the system was based on STM32 MCU to real-time monitor light intensity of specific 
light spectrum, calculated the amount of blue light and red light supplementary accurately, and the system 
utilized PWM signal to control the light intensity, meeting the demand of supplementation of blue and red 
light in different stages and conditions. 

2. Overall design scheme 

Based on the modular design method, this paper establishes control module, detection module, LED light 
supplement model and display screen, structural diagram of system is as shown in Fig.1. The control module 
with STM32 micro-controller as the core is designed, setting the threshold according to the data collected by 
the detection module and calculates the amount of light supplementary accurately; Detection module can 
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monitor blue and red light intensity of specific light spectrum; LED light supplement model adopts constant 
current drive circuit, using PWM signal to adjust the brightness of red and blue light group; The display 
screen can display the monitor data, bright intensity and set the threshold. 
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Fig.1: Structural diagram of system 

3. System hardware design 

3.1. Control module 

The STM32F103VET6 was used as core controller, compared with similar products, the STM32 had the 
features of high performance and low power consumption, besides the STM32F103VET6 worked at 72MHz, 
it includes: 512KB FLASH, 64K SRAM, and had a USB2.0 SLAVE mode. What’s more, it also includes 
two RS232 ports. In order to reduce the development cycle, we made use of the function library released by 
ST company[3]. 

3.2. Detection module 

The detection module uses the light sensor to detect the light intensity of the greenhouse in real time, and 
provide the collected data for the control module to process. The detection module mainly includes the 
detection of red light intensity and the detection of blue light intensity, the pretreatment of the light detection 
use a filter with a transmittance of 400-480nm, 620-700nm and light transmittance is 90%, and the light 
intensity of red light and blue light are detected separately by using the photosensitive resistor, then use the 
LM324 operational amplifier to convert and amplify the detected signal, finally send the analog signal into 
the STM32 GPIO port, which complete the task of light intensity detection. 

3.3. LED light supplement model 

The LED light supplement model adopts constant current drive circuit, using PWM signal to adjust the 
brightness of red and blue light separately. It includes LED lamp group and its driving circuit, driving circuit 
adopts PT4115 driving circuit, LED driver circuit schematic is as shown in Fig. 2. The LED lamp group 
adopts a rated power of 1W, a narrow red LED array with a central wavelength of 660nm and a narrow blue 
LED array with a central wavelength of 660nm[4]. After sampling by STM32 micro-controller, compared 
with the light intensity of the single chip micro computer program, the system utilized PWM signal to 
control the light intensity to meet the demand of light supplementation. 
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Fig.2: LED driver circuit schematic 
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3.4. Display screen 

In order to collect the original data and visually displayed, the system takes the DGUS LCD screen as the 
display terminal, interface for 8Pin_2.0mm belt lock, the screen resolution is 800*480, and the normal 
working voltage is 12V. Besides, the LCD screen also has the characteristics of reliable, accurate and good 
electromagnetic compatibility. LED intelligent light supplement system interface is as shown in Fig.3. 

Fig.3: LED intelligent light supplement system interface 

4. System software design 

Modular programming is a software design technique that emphasizes separating the functionality of a 
program into independent, interchangeable modules, the system contains five models such as main task of 
the system, detection model, PWM signal control model, setting model and touch screen. System software 
flowchart is as shown in Fig. 4.  

Fig.4: System software flowchart 

The monitoring module is used to collect the light intensity inside the greenhouse in real time, and then 
send the data to the controller; PWM signal control module through the controller receives from the 
monitoring module of the light intensity data, then compare with the set threshold intensity, determine 
whether you need to fill, if you need to fill the control, microcontroller output PWM signal to control the 
output current drive chip PT4115, adjust the brightness of red and blue light group; The setting module 
receives the control signal from the display screen and transmits the data signal to the controller according to 
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the user's setting value； The touch screen is a data output device, can display the environment in the red 
and blue light light intensity and threshold setting. 

When the system is working, the initialization of each module is completed, and the system parameters 
are set, including red and blue light intensity[5]. The light intensity detection of red and blue, if they are in 
the actual light intensity threshold, the system will be in automatic quantitative state according to the set 
threshold and the difference between the actual value to be calculated. Based on two PWM signals, both of 
blue and red light intensity can be adjusted to meet different demands of quantitative supplementation of 
light in different stages and conditions[6]. 

5. Test analysis 

In order to verify the effectiveness of the system, the test of the system was tested in a greenhouse. The 
threshold of red and blue light intensity were respective 3000Lux, 500Lux and created a result set that had 
one record for every hour of the past 24 hours. In the case of external illumination changes, the system 
adjusted PWM signal to control light intensity, diurnal variation curves of light intensity was as shown in 
Fig.5. Most of time the red and blue light intensity were threshold, due to the higher light intensity of noon, 
red light at 12:00-16:00 beyond threshold and blue light at 11:00-16:00 beyond threshold, so the system  
stopped light. The results showed that the system had the features of accurate detection, and could avoid the 
lacking or excess supplementation of light. The above tests proved that the system could adjust the red and 
blue light supplementary accurately according to the threshold. 

Fig.5: Diurnal variation curves of light intensity 

6. Conclusion 

In order to satisfy the demand for the light environment in greenhouse plants, the paper presented a LED 
intelligent light supplement system, the system was composed of red light and blue light, and was based on 
STM32 MCU to real-time monitor light intensity of specific light spectrum, both red and blue light intensity 
were adjusted to meet the demands of supplementary by PWM. The results showed that the system had the 
features of accurate detection, and could avoid the lacking or excess supplementation of light. 

7. Acknowledgements 

This work was supported by 863 Projects (Project No.2015AA033303), the Foundation of Tianjin 
University of Technology and Education (Project No.KJ15-06), the Education reform Fund Project of 
Tianjin University of Technology and Education (Project No.JGY2015-06) and the Science, Technology 
Development Fund Project of TUTE(Project No.YC17-25) 

8. References 

[1] Zhou Guoquan, Wu Jiasen, Wang Xiaogang, Effect of illumination supplement of an assembled light source with 
three color light-emitting diodes on growth and photosynthesis of Lactuca sativa[J]. Journal of Changjiang 
Vegetables, 2010(4): 30-33. 

[2] Yang Qichang, Wei Lingling, Liu Wenke et al. Plant factory system and practice [M]. Chemical Industry Press, 

2 4 6 8 10 12 14 16 18 20 22 24
0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Time/h

L
ig

h
t 

in
te

n
s
it
y
/L

u
x

 

 

Blue LED

Red LED

1018



2012. 

[3] Ai Haibo, Wei Jinhong, Qiu Quan, et al. Design of miniature plant factory temperature and humidity monitoring 
system of based on STM32[J]. Journal of Agricultural Mechanization Research, 2014(5): 141-144. 

[4] Zhang Haihui, Hu Jin, Yang Qing. Realization of Light Quality Adjustable Precise Light Compensating Method in 
Greenhouse Agriculture[J]. Transactions of the Chinese Society for Agricultural Machinery, 2012, (03): 181-186. 

[5] Hu Jin, Tian Wei, Zhao Bin. LED Based Intelligent Light Supplement System for Facility Agriculture[J]. Journal 
of Agricultural Mechanization Research, 2012, (01): 99-103. 

[6] Zhang Haihui, Yang Qing, Hu Jin et al. Self-adaptive and precise supplementary lighting system for plant with 
controllable LED intensity[J]. Transactions of the CSAE, 2011, (09):153-158. 

 

 

 

 

1019


