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Abstract 
A simple and portable SPAD chlorophyll content detector with STM32F103ZET6 as the 
main controller was designed, with real-time monitoring function of temperature and 
humidity and time display function. The relative content of chlorophyll-SPAD value was 
detected by photoelectric nondestructive testing method, and the rapid and 
nondestructive measurement of chlorophyll content in leaves was carried out. Principle: 
Calculate the SPAD value by comparing the changes in the intensity of red light with a 
wavelength of 650nm and infrared light with a wavelength of 940nm when there are 
leaves or not; At the same time, the temperature and humidity value at that time is 
monitored by the temperature and humidity sensor, and the RTC module of the main 
controller is used to accurately display the measurement time, which is convenient for 
users to record the measurement information; in addition, a simple power supply circuit 
is designed, which is convenient for carrying work in the field. This design solves a series 
of problems such as mobile power supply and light source control, and uses common 
chips, which are low in cost and easy to replace. The design scheme achieves good design 
indicators. 
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1. Introduction 

With the rapid development of global science and technology, the application of electronic 
technology has begun to penetrate into various fields, and the requirements for the safety, 
convenience, quality and cost performance of electronic products are getting higher and higher. The 
application of electronic technology in agriculture also requires very high standards[1]. Chlorophyll 
is an indispensable basic substance for plants to carry out photosynthesis. It can convert light energy 
into chemical energy required for plant growth through photosynthesis, and is one of the main sources 
of plant nutrients. Therefore, it is very important to monitor the real-time chlorophyll content. Farmers 
can use the chlorophyll meter to measure the chlorophyll content of the plants[2], understand the 
nutrient absorption of the plants, and then correctly guide the farmers to fertilize their crops rationally, 
which is conducive to improving the economic benefits of agricultural production. 

The designed SPAD (SPAD is the abbreviation of "Soil and Plant Analyzer Development") type 
chlorophyll content meter of the Agriculture, Forestry and Fisheries Bureau of Japan's Ministry of 
Agriculture, Forestry and Fisheries. Its advantages are as follows: it can quickly measure the 
chlorophyll content of plants, and when it is used in the planting field, it can be measured without 
damaging the leaves of the plants, achieving non-destructive measurement. 

By designing the power supply circuit, light source control circuit, light intensity sensor circuit, 
STM32 main controller, LCD liquid crystal display module and temperature and humidity sensor 
module, the new SPAD type chlorophyll content detector is completed. 
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2. Measurement Principle and System Scheme Design 

2.1 Model Construction 

Principle of measuring chlorophyll content by photoelectric nondestructive testing method: As shown 
in Figure 1, blue light and red light are the areas where chlorophyll absorbs the most, and the rest of 
light absorbs little. Light measurement of chlorophyll is the best. Let the light beads emit 650nm red 
light and 940nm infrared light, chlorophyll absorbs red light, but does not absorb infrared light 
(infrared light effect: mainly to eliminate the thickness of different leaves, and the effect of reflectivity 
on the measurement results of chlorophyll content) , after the red light reaches the leaf, after a small 
amount of energy is reflected, part of it is absorbed by the chlorophyll in the leaf, and the remaining 
light passes through the leaf and is measured by the light intensity sensor. The obtained analog signals 
are converted into corresponding digital signals, which are input into the main controller, and the 
controller calculates the SPAD value by bringing these digital signals into the SPAD value 
measurement formula[3]. 

 

 
Figure 1. The absorption spectrum of chlorophyll in the visible light band 

 

The specific measurement process is as follows: 

(1) In the standard state (without blades), the two light sources of red light and infrared light emit 
light in turn, and then the light intensity analog signal is obtained through the sensor, which is 
converted into the emitted light intensity; 

(2) In the measurement state (with leaves), the two light sources of red light and infrared light emit 
light in turn, and then the light intensity analog signal is obtained through the sensor, which is 
converted into the transmitted light intensity; 

(3) Use the data obtained in the above two steps to substitute into the following formula to calculate 
SPAD: 

 

SPAD = Klg
/

/
                                   (1) 

 

(IRT: 940nm infrared light intensity passing through the leaf, IR0: emitted infrared light intensity, 
RT: 650 nm red light intensity passing through the leaf, R0: emitted red light intensity value, K value 
is constant). 

2.2 System Scheme Design 

This design uses STM32F103ZET6 as the main controller to design a portable chlorophyll content 
detector. The overall design block diagram is shown in 2, which is mainly divided into three parts, 
the data collection part, the main controller calculation control part, and the human-computer 
interaction part composed of LCD and keyboard. 
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Figure 2. Overall Design Block Diagram 

3. Instrument Design 

3.1 System Hardware Design 

Figure 3 shows the system hardware block diagram. The detector is mainly composed of MCU, light-
emitting module, information acquisition module, power supply module and human-computer 
interaction module. MCU is responsible for controlling other modules and calculating and storing 
data; The light-emitting module is responsible for emitting 650nm red light and 940nm infrared light; 
The information collection module collects the light intensity signal and the temperature and humidity 
signal, and transmits the signal to the MCU; The power supply module provides stable power supply 
for each module of the system; The human-computer interaction module is responsible for receiving 
the user's operation instructions and displaying the measurement results through the display. 

 

 
Figure 3. System hardware block diagram 

3.1.1 Main Controller MCU 

Using STM32 series single-chip microcomputer, the clock frequency reaches 72MHz, there is 512K 
flash memory inside, there are rich peripherals and powerful computing power on the chip, and the 
ARM Cortex-M3 core is specially designed to facilitate embedded applications. Among them, 
STM32F103ZET6 has a large number of I/O ports, which meet the requirements of this design. 

3.1.2 Lighting Module 

Since 650nm red light and 940nm infrared light are required, two light beads are used as light sources, 
and a power supply circuit is configured so that it can emit 650nm red light and 940nm infrared light 
with a stable light intensity. 
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3.1.3 Information Collection Module 

The BH1750FVI digital light sensor chip is small in size, has a window on the top, is cheap, has a 
variety of measurement accuracy standards, and has a built-in 16-bit analog-to-digital converter, 
which directly outputs digital signals to avoid errors caused by the A/D conversion system. IIC bus 
interface, and the spectral sensitivity is similar to the sensitivity of the human eye to light. 

DHT11 temperature and humidity sensor is a combination of resistive humidity sensing element and 
NTC temperature measuring element, which can measure temperature and humidity at the same time. 
Low cost, excellent quality for relative temperature and humidity measurement, ultra-fast response 
speed, strong anti-interference ability, with the function of calibrated digital signal output, and 
directly output digital signal. 

3.1.4 Human-computer Interaction Module 

The detector has 3 buttons, respectively measuring the light intensity of red light and infrared light 
with or without leaves, as well as the calculation of the final SPAD value, and displays the measured 
SPAD value, temperature and humidity value, and measurement time on the LCD module, using The 
2.8-inch LCD module adopts SPI serial communication, and only needs 4 IO ports to complete the 
communication. 

3.1.5 Power Module 

The LM7805 and AMS117 chips are used to design the power supply circuit, and the 7.4V voltage 
provided by the two lithium batteries is used as the input to obtain a stable 5V voltage, which is cost-
effective and very reliable. Generate 5V voltage to the lighting circuit and 3.3V voltage to the main 
controller. 

In general, as shown in figure 4, power supply circuit designed by the LM7805 and AMS117 chips 
used in the power supply part of the design generates 5V for the light-emitting circuit and 3.3V for 
the main controller respectively. The BH1750 light intensity sensor module and the DHT11 
temperature and humidity sensor module directly transmit the measured analog signal to the main 
controller in the form of a digital signal, and the button control commands the main controller to 
control the work of the light-emitting circuit. Process the data and display the required data through 
the TFTLCD liquid crystal display. 

 

 
Figure 4. Instrument structure 

3.2 System Software Design 

The system software has designed a beautiful man-machine interface, which realizes key detection, 
light source switch control, temperature and humidity value, light intensity value measurement, 
SPAD calculation, RTC real-time clock, LCD display, etc. The flow chart is shown in Figure 5. After 
the system is turned on, it will first refresh the LCD interface, and then the main controller will 
continuously judge whether there is a button pressed, and control the execution of different functions 
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by judging the pressing of different buttons. , and display the measurement results of each step, the 
current time and the current ambient temperature and humidity (as the temperature and humidity 
compensation of the measurement results, allowing users to record conveniently) on the LCD screen. 

 

 
Figure 5. Program flow chart 

4. System testing 

Use the standard SPAD-502 chlorophyll measuring instrument and the designed SPAD chlorophyll 
measuring instrument to measure the same position of 5 groups of leaves, and the measurement range 
is set within 200lx. The test results are as follows: 

 

Table 1. Measurement results of SPAD values measured by standard instruments and measuring 
instruments 

grouped 
SPAD-

502 
Tempe-
rature 

Hum-
idity 

time 
design 
instr-
ument 

Tempe-
rature 

Hum-
idity 

time 
Relative 

error 

1.dead 
leaves 

-9.9lx 26℃ 50%RH 17:51 -10.4lx 27℃ 50%RH 17:51 5% 

2.young 
leaves 

22.9lx 28℃ 51%RH 12:35 24.1lx 28℃ 51%RH 12:36 5.2% 

3.mature 
leaf A 

55.7lx 20℃ 50%RH 10:40 56.7lx 20℃ 50%RH 10:41 1.7% 

3.mature 
leaf B 

102.7lx 21℃ 50%RH 10:43 104.8lx 21℃ 50%RH 10:44 2.0% 

5.mature 
leaves C 

176.3lx 21℃ 50%RH 10:46 178.9lx 22℃ 50%RH 10:48 1.4% 
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The test results are shown in Table 1. In the table, we can see that the chlorophyll error of 
systematically measuring mature leaves is small, not more than 2%; while when measuring dead 
leaves and young leaves, the error is about 5%. %around. 

5. Conclusion 

Using the data processing and peripheral control functions of STM32F103ZET6 microcontroller, a 
simple and portable SPAD type chlorophyll content detector is designed, which has the function of 
detecting leaf SPAD value (greenness), real-time monitoring of temperature and humidity, and real-
time time display. Finally, all the detected values are displayed on the TFTLCD screen, and the user 
only needs to press the three buttons on the surface of the instrument to operate, which has a good 
human-computer interaction effect. When the system measures the chlorophyll content of mature 
leaves, the error is not greater than 2%. In addition, you only need to install two 3.7V lithium batteries 
for long-term use, which is convenient and environmentally friendly. 
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