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Abstract. This article designs a small-scale farmland rainfall runoff sampler for collecting 
rainwater during runoff events and performing chemical analysis. The system automatically 
collects up to 24 samples simultaneously using an STM32 microcontroller as its control unit. The 
controller adjusts the PWM signal to manage a DC motor's rotation and on/off state, and it 
accurately positions the sampling bottles via guide slots and position sensors. When the sampling 
bottle is positioned, the collection end sends a signal to start the peristaltic pump, which delivers 
water to the receiving end. And The flow rate is measured by a turbine flowmeter equipped with 
a pulse recorder. After calibration, the error of each 500 ml sample can be controlled within ±2 %, 
demonstrating relatively high accuracy and making the sampler suitable for actual sampling 
requirements. Its simple structure also enhances the durability of equipment in complex outdoor 
environments. Implementing unmanned rainwater collection can save manpower and material 
costs while avoiding the danger and uncertainty of manual sampling in rainy weather. The cap of 
the sampling bottle is designed with anti-volatility features to prevent the volatilization of 
chemicals such as pesticides and fertilizers in the rainwater, which is beneficial for improving the 
accuracy of soil and water monitoring.  
Keywords: rainfall runoff sampler, PWM, sampling precision, error test. 

1. Introduction 

Although pesticides are effective in controlling pests and diseases, their adverse effects are 
well known. Excessive application of pesticides not only harms the environment but also causes 
excessive pesticide residues in crops. Long-term consumption of contaminated crops will poses 
significant risks to human health [1, 2]. Rainwater flowing through farmland can effectively reflect 
the application patterns of fertilizers and pesticides. Analysis of rainfall runoff from farmland 
using rainwater samplers enables monitoring of fertiliser and pesticide application rates, thereby 
preventing soil contamination caused by excessive use and enhancing the level of ecological 
environment monitoring in farmland environments [3]. Due to the sporadic nature of rainfall 
events, manual sampling at experimental sites is highly susceptible to human limitations, resulting 
in low efficiency and compromised objectivity. With the increasing intelligence of rainfall 
samplers, traditional manual sampling methods will gradually be superseded due to their low 
productivity and high labour intensity [4]. Weerasinghe et al. [5] develop an automated rainwater 
sampling system for real-time acidity monitoring. The system utilizes rainwater samplers to 
collect water samples for measuring PH and conductivity, while monitoring meteorological 
parameters such as temperature, humidity, and atmospheric pressure. With high automation and 
excellent stability, the system provides an efficient solution for remote monitoring applications. 
Markéta Kaplická et al. [6] employ an automatic samplers to monitor water quality in agricultural 
runoff, establishing a contaminant concentration-discharge model through correlation analysis, 
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regression analysis, and principal component analysis. Their research successfully quantifies the 
relationships between farmland pollutant concentrations, precipitation levels, and runoff 
coefficients. Su et al. [7] design a rainfall runoff sampler enabling timely collection of rainwater 
with a maximum sampling delay error of 62 seconds and a minimum error of 22 seconds. by the 
mobile devices, enabling timely collection of rainwater with a maximum sampling delay error of 
62 seconds and a minimum error of 22 seconds. However, the rainwater sampling accuracy is not 
involved. C. Alessia et al. [8] design an automatic precipitation sampler for collecting water-
soluble conductive substances deposited in the air in remote environments, but this sampler cannot 
collect rainwater from surface runoff on farmland. A. Thomas et al. [9] design a rainwater sampler 
for collecting rainwater to analyze and detecting the concentration of particulate matter in the air. 
It can collect 24 samples at a time, but the sampler is not highly automated, lacks precise flow 
control, and is unsuitable for sampling surface runoff from farmland. M. Groning et al. [10] design 
a rainwater collector that accounts for the evaporation of rainwater. However, it was only suitable 
for collecting rainwater from the air and is not applicable for collecting surface runoff from 
farmland. Zhang et al. [11] design a non-electric-powered automatic sampler for urban natural 
rainfall, resolving the challenge of automatically collecting the initial water samples from natural 
rainfall and runoff process all day long. It can also record the initial sampling time, though it 
makes no mention of sampling rainwater in complex environments of remote rural areas. Xu et al. 
[12] design a drawer-type slope runoff sampler, which can automatically switch between timed 
sampling and volume-based sampling based on rainfall intensity. This device replaces traditional 
manual sampling and achieves automated dynamic monitoring of runoff. Zhu et al. [13] develop 
a mobile phone-controlled water sampler featuring stable communication functionality and 
excellent sealing properties, capable of fulfilling sampling requirements. However, its automation 
level remains low, rendering it unsuitable for remote rural areas.  

Traditional rainfall-runoff samplers are often hampered by complex mechanical structures, 
outdated control systems, and inadequate equipment adaptability. To achieve unattended 
rainwater collection while preventing chemical volatilization, this paper designs a compact 
agricultural rainfall runoff sampler with automatic sealing functionality for sampling bottles. The 
sampler has a simple structure, easy operation, and accurate sampling, meeting experimental 
requirements. The system employs programmable PWM duty cycle control to modulate motor 
speed, while a position sensor ensures precise sample bottle positioning at 15° increments per 
sampling cycle. During water extraction by the peristaltic pump, a turbine flow meter counts flow 
rate in real-time, enabling accurate volume measurement for each sample. The sampler control 
system measures accurately and has small errors during sampling. Once sampling parameters are 
configured, personnel can leave the site unattended, enabling autonomous operation in remote or 
unmanned field locations. This eliminates the safety risks associated with manual sampling during 
rainy weather conditions. The sampler is ingeniously designed with low cost, and it is easy to 
commercialize. Its lightweight design facilitates field transportation and the replacement of 
sampling sites, effectively addressing the current shortage of human resources in remote rural 
areas. Additionally, the sealing performance of the sampling bottle mouth is excellent, which can 
effectively prevent the volatilization of chemical substances in rainwater and ensure the long-term 
sample preservation. The overall design of the system and the anti-volatilization design of the 
sampling bottles provide valuable reference for field surface water collection, enabling precise 
analysis of pesticides and fertilizers, and monitoring soil pollution in farmland. 

2. Overall design concept 

As shown in Fig. 1, the sample is primarily designed with three components: the receiving 
end, the collection end, and a human-machine interface. The receiving end integrates a pumping 
device for collecting surface runoff, while the collection end utilizes a filling bottle coupled with 
a positioning mechanism to ensure orderly loading the collected rainwater into the sample 
container. The human-machine interface enables both sampling method configuration and 
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real-time sampling status monitoring. The sampler operates in farmland environments with a 
certain slope, where rainfall runoff converges along the downhill direction into a reservoir serving 
as the receiving end. When receiving signals from the receiving end, the sampler controls the relay 
to activate the peristaltic pump, thereby supplying water to the collection end.  

 
Fig. 1. The total design of the sampler 

3. Structure and working principle 

3.1. The collection end structural composition 

The structure of the collection end device is shown in Fig. 2 and Fig. 3. Fig. 2 is a schematic 
diagram of the overall structure of the sampler collection end. The collection end is composed of 
four main parts: a position sensor, guide slot, rotating disc, and DC motor. The DC motor is fixed 
to its base, while the reducer mounted on the motor shaft is closely assembled with the rotating 
disc through the flat key. The sampling bottle is replaced by the rotating disc driven by a DC 
motor. A DC motor typed 24 V with a power of 60 W, torque of 20 N/m, and rated speed of 
1800 RPM is used as the power unit at the collection end, and the gear reducer with a reduction 
ratio of 1:180 is assembled on the motor shaft [14]. The sampling bottle is placed within 24 square 
holes on the rotating disc. During sampling, the sampling bottle is required to stop at a relatively 
precise position. Limit switch 9 and capacitive proximity switch 14, as two position sensors, work 
together to detect and provide real-time feedback on the position of the sampling bottle to ensure 
accurate positioning for the filling process [15, 16]. Fig. 3 illustrates the schematic diagram of the 
structure of the bottle filling positioning device. The guide rod is a square rod with internal threads, 
which is mechanically connected to the motor shaft of the small motor by connecting bolts. The 
vertical expansion and contraction of the spray nozzle are controlled by the forward and reverse 
rotation of the small motor. When the small motor rotates forward, the spray nozzle extends 
downward. When the alignment bolt reaches the position of the proximity switch 16, it indicates 
that the spray nozzle has entered the mouth of the sampling bottle and meets the requirements of 
the sampling position. When the sampling is completed, the small motor reverses direction, 
causing the spray nozzle to retract. The retracted position of the spray nozzle is detected via 
connection bolt 3 and proximity switch 4. The connecting block is connected with the guide rod 
through the thread, and at the same time, one water inlet of the tee is blocked. One end of the water 
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pipe is connected to the turbine flowmeter, while the other end is connected to the tee. When the 
peristaltic pump draws water toward the collection end, the water flows in from one end of the tee 
and flows out through the spray nozzle into the sampling bottle. Fig. 4 shows the sampling bottle 
cap, which is designed to prevent liquid volatilization. After inserting the water spray nozzle into 
the hole of the cap, the spring is compressed, allowing water to flow into the bottle through the 
gap at the bottle mouth. When the spray nozzle retracts, the spring returns to its original position, 
and the cap automatically achieves sealing.  

 
Fig. 2. The structure of collection end device: 1 – case, 2 – propping wheel, 3 – rotating disk,  

4 – bottom plate, 5 – motor cabinet, 6 – DC motor, 7 – bearing, 8 – reducer, 9 – position switch,  
10 –guideway, 11 – sampling bottle, 12 – water jet nozzle, 13 – filling bottles, 14 – proximity switch 

 
Fig. 3. The schematic diagram of bottling positioning device: 1 – small-power-motors, 2 – fastening screw, 

3 – joint bolt, 4 – proximity switch, 5 – generator bracket, 6 – fastening bolt, 7 – service bolt,  
8 – support frame, 9 – guide block, 10 – thread rod, 11 – guiding bar, 12 – connection block, 13 – tee,  

14 – water pipe, 15 – bolt hole alignment, 16 – proximity switch, 17 – water jet nozzle 
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Fig. 4. Sampling bottle cap: 1 – rubber gasket, 2 – plastic stopper, 3 – spring, 4 – upper bottle cap,  

5 – lower bottle cap, 6 – bottle, 7 – leak-proof stopper, 8 – spring seat 

3.2. The receiving end structural composition 

The structure of the receiving end is shown in Fig. 5. Its function is to judge whether the runoff 
generated by rainfall meets the sampling conditions through external flowmeter and tilt-activated 
switch, and to transmit this information to the collection end controller. During rainfall, when the 
sampling condition is reached, the receiving end controller receives the acquisition signal sent by 
the collection end, and turns on or off the peristaltic pump for sampling as required. Sampling 
shall be carried out when the runoff of the next rainfall meets the sampling criteria. At the same 
time, the receiving end sends the data on the total runoff volume to the collection end at fixed time 
intervals. Since the external flowmeter at the collecting end is only used to judge whether the 
runoff volume meets the sampling criteria, its accuracy requirement is not high. Thus, calibration 
is unnecessary.  

 
Fig. 5. Schematic diagram of the receiving end 

3.3. Operating principle 

The system operates as follows. During sampling, status information is input via the 
human-machine interface, specifically the EzUIVXX_043_V11 color LCD module, to set 
parameters and monitor the sampling state. After setup, personnel can leave. When the rainfall 
does not meet the sampling conditions, the system enters standby mode. When the rainfall reaches 
the sampling conditions, the sampling bottle is positioned and the positioning information is 
recorded. The proximity switch 14 detects whether the sampling bottle is within its detection 
range. If the sampling bottle enters the detection range of proximity switch 14 and the travel switch 
9 is also triggered at the same time, it indicates that the positioning of the sampling bottle is 
accurate. At this time, the small motor on the bottle filling device rotates forward to extend the 
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water spray nozzle. When the proximity switch 16 is triggered, it indicates that the water spray 
nozzle has been fully inserted into the sampling bottle's mouth, thereby enabling the sampling 
operation. Subsequently, a signal to activate the peristaltic pump is transmitted to the collection 
end through the RS485 communication module for pumping. The water flows through the pipeline 
and enters the container through a spray nozzle. The turbine flowmeter begins to record the flow 
rate, while the real-time clock records the start time of sampling. When the set number of sampling 
pulses is reached, corresponding to the filling of one bottle, the collection end returns a signal to 
the collection end, turns off the peristaltic pump, and queries the real-time clock to record the 
completion information of sampling. At the same time, the small motor reverses to retract the 
water spray nozzle, and then the DC motor continues to rotate, entering the next positioning and 
bottle filling cycle. Each time the bottle is changed, the DC motor rotates 15°. After completing 
the set sampling targets, the rainfall runoff sampler stops sampling.  

4. System control 

4.1. The collection end control device 

The control unit mainly monitors and give feedback on the sampling bottle position and turbine 
flowmeter counting. The hardware includes a power module circuit, a turbine flowmeter circuit, 
a sensor circuit, an MCU, etc. The switching power supply is supplied by a 220 V AC power 
supply to provide 24 V DC voltage. The 24 V DC voltage is regulated to 5 V and 3.3 V using 
voltage regulator chip AX3111ESA and ASM3117 to supply power to the proximity switch, travel 
switch and SCM. The STM32F103C8T6 MCU is selected as the DC motor control chip, while 
the AT24C08 internal processor chip stores positioning information and sampling quantity. The 
position information of the sampling bottle is monitored by the sensor control circuit through 
proximity and travel switches, and this information is fed back to the SCM to complete the 
positioning detection. The turbine flowmeter is powered by the 5 V DC power supply provided 
on the control panel. When water flows through the turbine flowmeter, a pulse signal is generated. 
The output current of the turbine flowmeter is about 10 mA. Through photoelectric isolation and 
level conversion using an optocoupler, the number of pulses is recorded by detecting the rising 
edge of the pulse through the SCM to obtain the flow rate. The main control circuit of the 
collection end and the real object are shown in Fig. 6. 
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Fig. 6. The main control circuit and physical picture of the collection end.  

Photos by Yang Main, Fuling, Chongqing, May 2025 

4.2. The receiving end control device 

The receiving end can judge whether the runoff meets the sampling conditions. If the sampling 
conditions are not met, the sampling shall be suspended, and the uncompleted sampling shall be 
continued when the next rainfall comes. The control system at the receiving end receives 
information via an RS485 module, analyzes the information, and then controls peristaltic pump 
operation via relay switching. Meanwhile, it completes the self-inspection of the communication 
line and the runoff size and total runoff volume recognition via the flow sensor. The main control 
circuit and real object of the receiving end are shown in Fig. 7.  

 

 

  
Fig. 7. The main control circuit and real object of the receiving end. 

Photos by Yang Main, Fuling, Chongqing, May 2025 
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Fig. 8. Flow chart of the sampler system 
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4.3. System program flow 

This kind of SCM uses C language programming with Keil software for control program 
development [17, 18]. A programmable controller is used to supervise the control system of the 
sampler, and the main functions include the control logic for bottle change of the DC motor 
controlled by PWM [19, 20]. The relay controls the small motor’s rotation of the threaded rod to 
supervise the up-and-down telescopic control logic of the spray nozzle. Additionally, it facilitates 
the transmission and recording of sampling information. The system can set the size and time 
interval of each sampling volume by inputting the sampling setting through the touch screen after 
initialization. When the touch screen is set, the sampler enters the working state and starts 
sampling until 24 samples are achieved. It develops a self-checking program for the sampler to 
correct errors caused by communication interruptions or other hardware failures. Equipped with 
self-checking function, the sampler can perform self-correction or shutdown in case of hardware 
errors. The workflow of the sampler is shown in Fig.8 and part of the control program is shown 
in Fig. 9.  

 
Fig. 9. Control program interface 

5. Error test 

The turbine flowmeter (Model: YF-S401) used in the sampler is shown in Fig. 10. This device 
offers advantages such as simplified control, accurate flow sampling, and low cost. Considering 
the shutdown delay of the peristaltic pump, when the fluid state does not change significantly and 
the turbine flowmeter operates within its linear region, the shutdown delay of the peristaltic pump 
is mainly generated by the relay’s closing time and the inertia of the pump. Therefore, when the 
peristaltic pump is logically shut down, there will still be 5-9 ml of water flow overflowing. 
Correcting this value in the program will improve the sampling accuracy. When the flow rate 
reaches the set value, a shutdown command is sent to deactivate the peristaltic pump. Since each 
container has a volume of only 500 ml, it is necessary to determine whether the accumulated flow 
rate has reached 500 ml. If the target volume has not been reached, the peristaltic pump is 
temporarily turned off according to the previously set sampling interval time. If the sampling 
interval time is reached, the pump is restarted, and the sampling process is repeated until 500 ml 
is collected. 
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Fig. 10. The physical picture of turbine flowmeter.  

Photo by Yuli Ouyan, Southwest University, Chongqing, May 2025 

5.1. Flow meter response equation 

The turbine flowmeter reflects the measured flow rate based on the turbine speed. The 
relationship between turbine speed 𝑁 and flow rate 𝑄 can be expressed as [21]: 𝑁 = 𝐾ሺ𝑄 − 𝑞ሻ, (1)

where 𝐾 is the instrument constant; 𝑄 is the starting flow, obtained through calibration. 

5.2. Theoretical calculation of intrinsic instrument constants of turbine flowmeter 

The turbine speed changes with the flow rate; that is, a higher flow rate results in a higher 
turbine speed. The rotational speed of the turbine is converted into an electrical pulse signal of 
corresponding frequency by a magnetic-electric conversion device. After amplification by a 
preamplifier, the signal is sent to a display instrument for counting and display. Therefore, the 
instantaneous flow rate and cumulative flow rate can be calculated based on the number of pulses 
per unit time and the total cumulative number of pulses. The intrinsic instrument coefficient 𝑘 of 
the turbine flowmeter is mainly related to the structural parameters of the turbine sensor and can 
be calculated as [22]: 

𝑘 = 4sin𝜃𝜋ሺ𝑟ଵ + 𝑟ଶሻሾሺ𝐷ଶ − 4𝜋𝑟ଵଶሻ𝜋cos𝜃 − 4𝑛ℎ𝛿ሿ, (2)

where 𝜃, 𝑛, 𝑟ଵ, 𝑟ଶ, ℎ, 𝛿, and 𝐷 are constants related to the turbine structure. 
The working principle of a turbine transmitter is that when the fluid flows along the axis of the 

pipeline and impacts the turbine blades, there is a response equation for the flow meter: 

𝑄 = 𝑓𝑘, (3)

where 𝑄 is the flow rate flowing through the transmitter; 𝑓 is the frequency of the electrical pulse; 𝑘 is the instrument coefficient. 

5.3. Sampling error calibration 

The output pulse frequency of a flowmeter is directly proportional to the flow rate. The larger 
the flow rate, the higher the output frequency. However, the time required for water to flow 
through a unit volume decreases with increasing flow rate. The accuracy of turbine flowmeter 
generally ranges from 0.1 % to 0.5 %. When operating within the linear flow range, even if the 
flow rate changes, the accuracy of the cumulative flow rate will not decrease. Furthermore, the 
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reproducibility of the turbine flowmeter can reach 0.05 % in a short period [23]. Therefore, 
theoretically, under constant external conditions, the number of pulses corresponding to each 
500 ml water sample should be a constant. The calibration of the turbine flowmeter at the 
collection end is shown in Table 1. 

Table 1. Calibration of turbine flowmeter 

Measurement data Group 
A B C D E F G H 

Number of pulses (N) 1331 1357 1347 1334 1333 1329 1339 1336 
Time (s) 45 44 46 47 46 45 46 46 

Volume (ml) 512 522 516 513 513 511 515 514 
Error (%) +2.40 +4.40 +3.20 +2.60 +2.60 +2.20 +3.00 +2.80 

According to Table 1, the number of pulses generated by each 500 ml water sample is 
approximately 1300, and the errors are all positive. The main reason is that there is a certain delay 
in the shutdown of the peristaltic pump at the receiving end. The actual flow rate, determined by 
measurement with a graduated cylinder, also exhibits has a certain deviation. This error will be 
corrected after the sampler is installed by adjusting the pulse count set in the control program, 
yielding the reference number of pulses required for a 500 ml water sample obtained here. 

5.4. Sampling error measurement 

In order to verify the feasibility of the sampler and its sampling accuracy, experimental 
validation of the collection end’s sampling error needs to be conducted after the overall design of 
the sampler is completed [24]-[25]. Since the external flowmeter at the receiving end is only used 
to judge the size of the runoff, its precision requirements are not high, so no accurate measurement 
is performed. It was found during the experimental validation that when the turbine flowmeter is 
working but no water flows through, the output occasionally remains stuck in a high state. 
Therefore, it is more reliable to record the number of pulses by external interruption.  

Table 2. Error measurement results 

Measurement data Group1 
1 2 3 4 5 6 7 8 

Number of pulses (N) 1308 1306 1311 1308 1314 1307 1306 1310 
Time (s) 44 44 45 46 44 45 46 46 

Volume (ml) 503.0  509.4  506.9  492.9  494.3  498.2  493.3  509.5  
Error (%) +0.60 +1.88 +1.38 –1.42 –1.14 –0.36 –1.34 +1.90 

Measurement data Group2 
1 2 3 4 5 6 7 8 

Number of pulses (N) 1312 1309 1311 1306 1307 1307 1311 1308 
Time (s) 44 44 44 45 44 46 45 45 

Volume (ml) 508.0  505.2  495.9  491.9  500.3  506.4  503.3  505.5  
Error (%) +1.60 +1.04 –0.82 –1.62 +0.06 +1.28 +0.66 +1.10 

Measurement data Group3 
1 2 3 4 5 6 7 8 

Number of pulses (N) 1310 1312 1309 1310 1310 1309 1311 1307 
Time (s) 44 46 44 45 44 44 46 44 

Volume (ml) 505.6 507.2  502.3 499.8 498.1 502.9 505.3  500.7 
Error (%) +1.12 +1.44 +0.46 –0.04 –0.38 +0.58 +1.06 +0.14 

In addition, the power line and signal line of the turbine flowmeter shall be isolated; otherwise, 
a great error will be caused to disturb the stroke and affect the sampling accuracy. When the fluid 
state does not change greatly and the turbine flowmeter operates within its linear range, the 
shutdown delay of the peristaltic pump is primarily caused by the actuation time and inertia of the 
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relay. Therefore, approximately 5 mL of water continues to flow even after logical pump 
shutdown. The experimental process has been conducted to correct the pulse value to improve the 
sampling accuracy. After adjusting the pulse count for each 500 mL water sample to 1292, 
experiments are conducted in three groups with a total of 72 water samples. Eight bottles are 
randomly selected from each group for measurement, and the water samples are weighed. The 
actual sampling error measurement results are shown in Table 2. 

It can be seen from Table 2 that the sampling duration for the 24 experimental samples 
(randomly selected from three groups) ranged from 44 s and 46 s, with the corresponding pulse 
count varying between 1306 and 1314. When the cumulative sampled volume reaches 500 ml, i.e. 
the sampling weight reaches 500g, the sampling accuracy of the sampler can be controlled within 
± 2 % through calculation. The sampler can meet the sampling requirements and can ensure the 
sampling accuracy after repeated tests. Good cooperation is achieved between the collection end 
and the receiving end of the sampler, and stable working performance is achieved in field 
farmland. Furthermore, the automatic sealing function of the sampling bottle cap performed 
reliably in the experiment, meeting the overall usage requirements of the equipment. 

6. Conclusions 

This paper studies and designs a small farmland rainfall runoff sampler in remote or 
inaccessible farmland. Through the control of the STM32 MCU, the sampler can accurately collect 
the runoff generated by rainfall without any human intervention. The receiving end of the system 
is simple in design, operating by receiving and sending signals from the collection end to actuate 
the start-stop cycles of the peristaltic pump. The collection end of the system is designed to ensure 
precise positioning of the sampling bottle during operation to facilitate the smooth sampling. 
During sampling, the pulse counter of turbine flowmeter is used to realize quantitative collection 
of 500 ml rainwater with minimal error, meeting the requirement for accurate sampling. In actual 
multiple tests, the control system operates reliably, and the sampling error can be controlled within 
± 2 %. The rainfall runoff sampler has a simple composition and is convenient for productization, 
and can avoid the risk of manual sampling in bad weather in the field. Meanwhile, its lightweight 
design simplifies field transportation. The control system of the sampler reduces the number of 
braking components and sensors, lowering production costs and enhancing practicality. In order 
to reduce the uncertainty in pollutant concentration detection in rainwater, the sampling bottle cap 
is designed with anti-volatilization, effectively ensuring the accuracy of subsequent chemical 
detection and analysis. The control system reduces the number of braking components and 
sensors, lowering production costs and enhancing practicality. To reduce uncertainty in pollutant 
concentration detection in rainwater, the sampling bottle cap features a vapor-proof design, 
effectively ensuring the accuracy of subsequent chemical detection and analysis. During the 
long-term operation of the sampler in the field, factors that have a certain impact on sampling 
accuracy have been discovered, such as delayed shutdown of the peristaltic pump, unstable 
transmission of RS485 communication signals, and positioning errors caused by insufficient 
mechanical processing accuracy. Although optimization has been carried out in the control 
program, the equipment needs further improvement to achieve higher sampling accuracy in the 
later stage. In order to enhance the applicability of this sampler for sampling in specific regions, 
a wireless communication module will be added in the future to achieve remote control. 
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