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Abstract: Accidents involving accidental pollution frequently occur in rivers and lakes, 

which require timely testing of water quality. And as people's requirements for drinking 

water source water quality continue to improve, the frequency of water quality testing 

also needs to be strengthened. Efficient and comprehensive access to water quality 

information is the prerequisite for water pollution control, and water quality sampling is 

the key to access water quality information. The emerging unmanned helicopter 

operation covers a wide range and has strong mobility, which can meet the needs of 

large-scale inspection. However, the problem of carrying capacity of uav has not been 

well solved. Our water sample collection device is simple in structure, strong in 

practicality, compact and lightweight, which reduces the burden of flying the uav. 
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1. Introduction 

In recent years, affected by human activities, water resources have become 

increasingly polluted, and nearly half of water resources have been seriously polluted. 

At present, China's water quality monitoring mainly relies on manual monitoring and 

unmanned ship monitoring. Manual monitoring requires field sampling, a long period 

and a large amount of manpower and material resources. There are also some defects 

in the latest water quality monitoring ships, such as serious pollution on the surface of 

the water or a large number of floating objects that are unmanned vessels will be 

blocked and polluted. In this paper, a water quality monitoring sampling device based 

on unmanned aerial vehicle technology is designed, which makes up for the above 

defects, helps the water quality supervision to be efficient and accurate, improves the 

information level of water quality monitoring, and finally achieves the goal of 
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automation, information and modernization of water quality supervision monitoring 

[1]. 

 

2. The Key Problem to be Solved 

The key problems to be solved by the water quality monitoring sampling device based 

on uav technology are as follows: 

(1) The complex topography, danger and remote water sampling points replace the 

traditional cable-way collection methods to improve the collection efficiency and safety 

of personnel operation;(2) To open up the sampling blank area that contains harmful, 

toxic and radioactive pollutants, and to enhance the timeliness of emergency disposal; 

(3) Waters requiring frequent sampling or sampling in the middle of the waters will 

reduce the cost of single sampling and reduce the economic cost of personnel, vehicles 

and ships.  

 

3. Overall Design Scheme 

3.1 Uav Main Body Design 

This uav is a common quad-rotors and six-rotors in the market, which benefit from the 

advantages of stable flight, easy operation and flexible movement of multi-rotors. The 

uav uses lithium batteries of 11.2v and 3300mAh as the energy source of the system. 

Due to the difference in flight environment and water sample volume, the flight time is 

between 25 and 40min. In this design, the uav adopts self-assembled quadrotor uav, 

which adopts NAZA LITE flight control, 2212 motor, 30A power adjustment, GPS 

module, 1045 and 8045 propeller blades, so as to realize the load of LKG during flight.  

 

3.2 Design of Water Aampling Device 

The water sample collection part mainly consists of upper cover plate, lower cover plate, 

connecting rod, pillar, flange plate, universal joint, rubber buckle, steering gear, water 

pump, conduit, float and filter net. The flange plate is installed at the bottom of the uav, 

and its function is to connect the connecting rod with the universal joint. The universal 

joint is to prevent the sequence of water sample bottle sampling from causing the part 

of water sample collection to turn over sideways, and transfer unbalanced torque to 

the uav to maintain balance through the induction control of flight control propeller. 

The lower end of the universal joint is connected with a connecting rod, and the 

connecting rod is rigidly connected with the upper cover plate，The upper cover plate 

is rigidly connected with the lower cover plate by a pillar. The center of the lower cover 

plate is provided with a circular hole to facilitate the downward release of the catheter. 

The four rubber clasps are evenly distributed on the lower cover plate. The purpose is 

to fix the sample bottle，The advantage of this method is that it can replace the 
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sampling bottle quickly and is compatible with multi-caliber and multi-capacity 

sampling bottles. A steering gear is mounted on the upper cover plate，the motor 

housing is rigidly connected to the upper cover plate，the motor output shaft is fitted 

with a small disk，A water pump is fixed on the top of the disc, and a bent pipe is 

installed at the outlet of the water pump，Its function is to transport water sample to 

sampling bottle，the water inlet of the pump is connected with a flexible soft conduit，

the flexible duct extends below the surface of the uav's suspended water，The end of 

the flexible pipe is equipped with a filter net and the upper part of the filter is equipped 

with an adjustable float to limit the depth of the water sample. The water sample 

collection device is shown in figure 1. 

 

（a） 

        

(b)                                             (c)                              (d) 

1.connecting rod; 2. water pump; 3. rubber buckle; 4. upper cover plate; 5. steering 

gear;6. Water bottle; 7,8. conduit; 9. mounting plate; 10. cardan joint; 11. float and 

filter net. 

Fig. 1 Water sample collection device structure diagram 
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3.3 Control and Data Transmission System Design 

(1) The fs-i6 controller is used to send signals to control the flight of the uav. With radio 

frequency transmission, the uav can control 6 channels with a distance of more than 

1000 meters，The GPS module included in flight control mainly realizes suspension and 

higher operation of uav； 

(2) Based on STM32 microprocessors, switch volumes are replaced by identifying PWM 

waves from fifth or sixth channels that are not used by the receiver in the remote 

control. When the PWM wave duty ratio is recognized to be greater than a certain 

percentage, the operation of water sampling is triggered. The single-chip pin sends a 

signal to the triode to be connected to the relay after current amplification to control 

the water pump switch. 

(3) By controlling the PWM duty ratio issued by STM32 to adjust the Angle of the 

steering gear, the command of rotating 45 degrees clockwise twice within the next ten 

seconds for each trigger of the switching amount is realized. 

(4) The sensor detects the sampled water sample. In this case, only the water sample 

temperature is detected, and more sensors can be added later. This function USES 

SIM900A module, STM32F103, DS1820 temperature sensor. The hardware block 

diagram is shown in figure 2. 

 

 

Fig. 2 hardware block diagram 

 

When the device starts to work, DS18820 sends the original data to STM32 through the 

serial port for processing, and the time and temperature data of each measurement will 

be stored to the external EEPROM to avoid loss. The communication between the GPRS 

module of SIM900 and STM32 is completed by sending AT instruction through serial 

port, initializing SIM900 through AT instruction, configuring parameters, and then 

controlling the connection between GPRSModem and the server through AT instruction, 

realizing transparent transmission and transmitting data to the server. 

 

4. Equipment Operation Process 

The specific operation process is as follows: 

(1) Job path planning 
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The images transmitted by video can be combined with the visual vision of the naked 

eye as the reference for flight. or direct fixed-point flights using satellite positioning，

Or install beacons at fixed water intake points，Service for unmanned aerial vehicles to 

navigate to the water above the suspension. 

(2) Collect the first water sample 

After the uav is suspended, the steering gear starts to work and the outlet is pointed at 

the sampling bottle mouth. At this point, the water pump starts to work and stops after 

a period of time. At this point, the sensor in the bottle detects the water sample and 

analyzes it through the STM32 processor, transmitting the original data to the ground 

control end through GPRS. The drone sailed to the next sampling site and hung over 

the water. 

(3) Collect non-primary water samples 

When collecting non-initial water samples, to ensure the quality of water samples, the 

pipeline shall be diluted and cleaned with the water will to be sampled. The two stepper 

motors coordinate the rotation so that the outlet is between two sampling bottles，Start 

the water pump, and close the water pump after dilution and cleaning. The stepper 

motor rotates so that the outlet is aligned with the sampling bottle and then circulates 

the process in step 2 again. 

(4) Turn back 

After sampling all the sampling bottles as required, the uav turns back. 

(5) Second set out 

After quickly replacing the clean sampling bottle and battery, the uav will start again 

and cycle the above process. 

 

5. Control Software Design 

The visualization of the upper computer on the ground control end is strong. The code 

is relatively simple VB language for writing，The function of the upper computer is 

mainly to get data from the specified server and process the display. In the test, the 

data obtained by the uav is transferred to the specified server, which is analyzed by the 

server and stored in a specified document. The upper computer on the ground control 

end only needs to read and modify the information in this document regularly to 

receive data and control the uav. The software interface is shown in figure 3. 
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Fig. 3 The Software interface 

 

6. Conclusion 

In this paper, a water quality monitoring and sampling device based on uav technology 

is designed. The GPRS module of STM32F103 and SIM900A was used to analyze and 

transmit data，A small sampling and analytical processing device with a water pump is 

combined with a promising uav，It has the characteristics of convenient sampling, 

real-time monitoring, wireless control and multi-point sampling. The function of water 

quality sampling and real-time analysis of monitoring data in bad environment is 

realized. It greatly reduces the cost of water quality monitoring and opens up a new 

way for the development of water quality monitoring. 
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