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Abstract 

A multifunctional seed screening machine with automatic mixing and weighing device is 
designed. The overall mechanical structure, screening and separating module, automatic 
mixing module, automatic weighing module and control module of the seed screening 
machine are introduced in detail. The electric control part is made up of AVR single chip 
computer as the control center, using photoelectric switch, pressure sensor and other 
sensors, perfectly cooperating with motors, steering gear and LCD display screen, realizing 
different functions such as human-computer interaction, real-time display of information, 
intelligent control and automatic adjustment of key parts, etc. The design can effectively 
improve the speed and effect of seed screening, mix and weigh the selected seeds, save 
manpower and material resources, and has broad application prospects. 
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1. Introduction 

Food security is a key factor for the steady development of agriculture [1]. The choice of grain is 

related to the harvest of grain. At present, the traditional hand-picked seed screening method is still 

used in the vast rural areas. This manual method is inefficient and ineffective. In order to adapt to the 

rapid development of agriculture, seed screening machine has appeared in the market. At present, the 

seed screening machine can only screen seeds, but can’t mix the selected seeds. Therefore, it is often 

used to mix seeds manually. It is difficult to control the amount of medicines added in the manual 
mixing, and there is a situation of uneven mixing. The degree of mixing depends on manual control, 

and because the pesticides are volatile easily. Pesticide volatilization is easy to cause harm to human 

body [2]. At present, the seed screening machine can’t weigh the selected seeds. It needs to weigh the 

selected seeds manually, which is not easy to quantify the seed packaging. In order to overcome the 

above shortcomings, our team design a multi-functional seed screening machine with automatic 

mixing and weighing device. This machine can not only effectively improve the screening speed and 

screening effect of seeds, intelligently adjust the feeding speed of seeds, but also automatically mix 

the selected seeds, accurately control the dosage of medicines, and make the seeds mix. It can avoid 

the harm of pesticides to human body when artificial mixing, weigh the selected seeds automatically, 

pack the selected seeds quantitatively, save manpower and material resources, and has the value of 
popularization and application.  
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2. Overall Structure Design Of Seed Screening Machine 

The seed screening machine with automatic mixing and weighing device includes a mobile frame. 

The inner part of the mobile frame is fixed with a feeding device and a screening device. The 

screening device is located below the feeding device. The screening device includes a first conduit 

for exporting seeds. The feeding device includes a feeding trough, a feeding trough includes an inlet 

and an outlet. The outlet of the trough is provided with a blower, the lower part of the outlet of the 

trough is fixed with a fan, the opening of the fan is oriented towards the outlet, the side wall of the 

trough is fixed with a photoelectric sensor, the inside of the mobile frame is fixed with a mixing 
device and a weighing device, the mixing device is located below the screening device, and the 

weighing device is located below the mixing device. 

The mixing device includes a mixer (barrel), a delivery pipe and a dispensing device. The mixer is 

located directly below the first conduit of the screening device. The top of the mixer is open. The 

bottom of the mixer is provided with a seed outlet. One end of the dispensing tube is connected with 

the dispensing device, and the other end is fixed with a spray head, which extends into the inside of 
the dispensing device. The mixer includes a mixing shaft, a mixing fan blade is arranged on the 

mixing shaft, a photoelectric sensor is fixed on the side wall of the mixer, the seed outlet of the mixer 

is covered with a cover plate, and the cover plate is connected with a steering engine that controls the 

closure or opening of the cover plate. 

The weighing device consists of a motor, a weighing plate and a screw rod. The screw rod is 

horizontally arranged at the bottom of the weighing plate, and a pressure sensor is installed at the 

bottom of the weighing plate. One end of the screw rod is connected with the motor, and the other 
end is located below the seed outlet of the mixer and connected with the mobile frame. 

The mechanical structure is composed of feeding module, screening and separating module, mixing 

module and weighing module. Each part cooperates with each other, which is simple and practical. 

The overall structure is shown in Figure1. 

 
1-air duct; 2-screw mandrel; 3-rocker; 4-hairbrush; 5-First outlet; 6-Second outlet; 7-Third outlet; 8-

spray nozzle; 9-stirred fan leaf; 10- mixing cartridge; 11- photoelectric switch; 12-screw; 13- 
pressure sensor; 14-weighing tray; 15-support foot; 16-universal wheel; 17-motor1; 18-motor2; 19- 

prismatic screen; 20-plane screen; 21- photoelectric switch; 22- feed trough 

Figure 1 The overall structure of seed screening machine 

The workflow of seed screening machine is shown in figure2: 
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Figure 2 Workflow of seed screening machine 

1) Turn on the power supply, and enter the preset seed weight. 

2) Shift the weighing tray to the right, close the discharge valve at the bottom of the mixing barrel, 

and complete the initialization of the mechanical device. 

3) Then the outlet of the feeding part closes and waits for the discharge. After the discharge is 

completed, the motor drives the screw to rotate and controls the opening and closing range of the 

outlet to control the flow rate of the seeds. 

4) After the seeds enter the screening and separation module, the vibrating motor and the blower work 

at the same time to screen and separate, and the seeds of different quality grades flow out from three 

corresponding outlets respectively. 

5) The quality of the selected seeds is entered into the mixing barrel. When the photoelectric sensor 

detects that the seed in the mixing barrel reaches a certain height, the outlet of the feeding part closes, 

the screening and separating module and the blower stop working, the stirring motor starts to rotate 

alternately, and the spraying device sprays the seed. 

6) After mixing, the opening valve at the bottom of the mixing barrel opens and the pressure sensing 

module on the weighing tray starts to work. When the collected seed weight reaches the preset value, 

the tray moves to the left and the bag is removed. At the same time, the buzzer alarms to pick up the 
bag. This work flow is completed. 

7) If click on the "Continue" button of the control center, then jump to 2) Step into the next workflow, 

else if click on the "End" button of the console inquiry box to end the operation of the system. 

3. Implementation of Key Technologies 

3.1 Design of Screening Separation Module 

At present, there are two main design schemes for seed screening and separation. One is centrifugal 

separation. Using the centrifugal principle of centrifugal motion, objects have different mass and 

centrifugal force. The reserved seeds are uneven in quality and contain dry, decayed and germinated 

seeds. The centrifugal force of the reserved seeds is different from that of the seeds with good quality. 

Using the principle that different seeds have different centrifugal forces, the seeds are separated. 

Considering that centrifugal control requires high technology and is not easy to control, and 

centrifugal control must use centrifugal separator, its price is relatively expensive, so this scheme is 

not suitable. The other is the air separation type, which uses the characteristics of light, miscellaneous 

and diseased seeds which are obviously lighter in weight and have obvious difference in size from 

good seeds to separate seeds of different grades [3]. The principle is that under the vibration of the 
vibrating screen, the vibration amplitude of seeds of different grades is different, and the seeds of 

different grades are separated gradually by the blower action. After screening and separation, the seed 



International Core Journal of Engineering Vol.5 No.7 2019                                                 ISSN: 2414-1895 

 

111 

 

purity has been significantly improved and the particle size is relatively uniform. The scheme has the 

advantages of simple control, low cost and obvious separation effect. It is widely used in agricultural 

machinery. Therefore, our design chooses this scheme. 

The screening and separation module is divided into three layers by double screen, the upper screen 

is plane screen, the lower screen is prism screen, and the efficiency of prism screen is 2-3 times [4] 

higher than that of plane screen. The vibration of the whole module depends on the motor to drive 

the rocking of the crank and connecting rod to make it move regularly to and from, thus realizing the 

vibration of the whole screening and separating module. The lower part of the inlet and outlet is 

equipped with a wind separation device, which is composed of blower and other parts. PWM speed 

regulation can adjust the wind speed and blow away the lighter and dry seeds. The vibration of the 

screening and separation part cooperates with the air separation device, which can separate the seeds 

of different grades. The seeds with large particle size are filtered through the upper plane screen 

through vibration, and flow out from the first outlet. The seeds with small particle size are flowed out 

from the second outlet, and the seeds with good quality are flowed out from the third outlet. So as to 
complete the screening and separation of seeds. Screening screen can be changed according to the 

diameter and size of screened seeds to meet the screening needs of different seeds. The blocking of 

screen mesh hole directly affects the cleaning effect. To solve this problem, a brush with the same 

width as screen mesh is installed on the top of the prismatic screen mesh. The motor shaft is connected 

with the screw through a coupling. Nuts are welded at one end of the brush, and the long brush keeps 

vertical with the screw. The 12V DC motor drives the screw to rotate and indirectly makes the brush 

move regularly to and from to ensure the cleaning effect. 

3.2 Design of Automatic Mixing Module 

The mixing fan blade is assembled in the mixing barrel, and the motor drives the central axis of the 

connection of the mixing fan blade to rotate. The upper part of the barrel is equipped with intelligent 

sprinkler, which can control the amount of spraying and mix the seeds that meet the quality standards. 
The mixing fan blades can be replaced to meet the mixing requirements of different kinds of seeds. 

The bottom of the mixing drum is fitted with a steering engine, and the steering engine controls the 

opening and closing of the valve in the barrel. When mixing, the valve closes. When the time of 

mixing is set, the intelligent sprinkler stops working, the valve opens, and the seeds flow into the bag 

through the valve. In the process of filling the bag, the stirring fan blade also rotates continuously, so 

that the seeds in the stirring barrel can fully flow into the next processing procedure. 

Figure3 shows the structure of the automatic mixing module: 

 
1-pesticides bucket; 2-send pesticides pipe; 3- stirred fan leaf; 4- spray nozzle;  

5- mixing cartridge; 6- Steering engine; 7-motor; 8- photoelectric switch 

Figure 3 The structure of the automatic mixing module 

3.3 Design of Automatic Weighing Module 

The weighing module is composed of weighing tray, motor, screw and pressure sensor. The motor 

drives the rotation of the screw to realize the left-right translation of the weighing tray. The bottom 

of the weighing tray is equipped with a pressure sensor, which can monitor the weight of the bagged 

seeds in real time, and can display the weight of the bagged seeds in real time on the LCD screen. 
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When the preset weight is reached, the alarm prompt is automatically given, and the tray moves to 

the left. When it reaches the leftmost end, it stops moving and waits for bagging. Figure4 shows the 

structure of the automatic weighing module: 

 

1-motor；2- weighing tray；3-screw；4-pressure 

Figure 4 The structure of the automatic weighing module 

3.4 Design of Control Module 

The control module uses AVR MCU as the control center, uses photoelectric switch, pressure sensor, 

collision switch and other sensor devices, cooperates with motor, steering gear and 12864 LCD screen, 

displays the key information acquired by the sensor in real time, and automatically alarms and 
reminders when the preset value is reached. 

3.4.1 Microprocessor Selection 

Microprocessor is the control center of this filter. In order to ensure that the control module responds 
promptly, operates simply and costs cheaply, ATmega16 microprocessor is used in the system. 

ATmega16 is a low power 8bit CMOS microcontroller based on enhanced AVR RISC architecture 

[5]. Because of its advanced instruction set and single clock cycle instruction execution time, the data 

throughput of ATmega16 is as high as 1 MIPS/MHz, which can alleviate the contradiction between 

power consumption and processing speed of the system. The ATmega16 AVR kernel has rich 

instruction set and 32 general working registers. All registers are directly connected to the ALU so 

that an instruction can access two separate registers simultaneously in a clock cycle. This architecture 

greatly improves code efficiency and has data throughput up to 10 times higher than that of 

conventional CISC microcontrollers. 

3.4.2 Selection of Sensor 

In order to ensure the accuracy of the work, it is necessary to ensure the time-to-time transmission of 

data. The effective signal transmission distance of the sensor is 5-25cm, the transmission signal is 

accurate and the response is fast. Finally, the E3F-DS30C4 photoelectric sensor is selected. Table 1 
gives the technical parameters of the photoelectric sensor. When the photoelectric sensor monitors 

the seeds in the dressing barrel to a certain amount, the feedback signal is sent to the single chip 

computer, which makes the corresponding response. 

 

Table 1 The parameters of E3F-DS30C4 photoelectric sensor 

Supply voltage 

(V) 

Detection distance (cm) Output current (mA) Output mode 

6-36(DC) 10 300 NPN NO(Normal Open) 

 

The weighing device uses BF1K-3AA metal strain gauge pressure sensor and HX711AD module to 

detect the pressure change on the weighing tray. HX711 is a 24bit A/D converter chip designed for 
high-precision weighing sensors. Compared with other chips of the same type, the chip integrates the 

peripheral circuits needed by other chips of the same type, including regulated power supply, on-chip 

clock oscillator and so on. It has the advantages of high integration, fast response and strong anti-

interference. The cost of the electronic scale is reduced, and the performance and reliability of the 

whole machine are improved.  

The interface and programming between the chip and the back-end MCU chip are very simple. The 

electrical connection diagram is shown in Fig. 5. All control signals are driven by pins, and there is 
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no need to program the registers inside the chip. The input selection switch can arbitrarily select 

channel A or channel B and connect with its internal low noise programmable amplifier. The clock 

oscillator in the chip doesn’t need any external devices. The power on reset function simplifies the 

initialization process. 
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Figure 5 The electrical connection diagram 

3.4.3 Selection of Steering Engine 

The main function of the steering engine in the control module is to change the control angle in order 

to realize the opening and closing of the bottom opening of the mixing barrel. 

MG995[6] steering engine is selected in our screening machine. The steering engine is stable in 

operation, small in size, large in torsion, low in power consumption and accurate in control. 

3.4.4 Choice of relay 

The Songle 5V electromagnetic relay is used to realize using low voltage to control high voltage. It 

consists of iron core, coil, armature, contact reed, etc. As long as a certain voltage is applied at both 

ends of the coil, a certain current will flow through the coil, which will produce electromagnetic effect. 
The armature will overcome the pull force of the return spring and pull to the core under the action 

of electromagnetic attraction, thus driving the moving contact of the armature to engage with the 

static contact (NO - normally open contact). When the coil is cut off, the electromagnetic attraction 

will disappear, and the armature will return to its original position in the spring reaction force, so that 

the moving contact and the original static contact (NC - normally closed contact) will be released. 

Figure 6 shows the physical diagram of the relay. Figure 7 shows the control diagram of the positive 

and negative relay(PNR). 
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 Figure 6 Physical diagram of the relay           Figure 7 Control diagram of the PNR 

4. Conclusion 

Seed screening machine with automatic mixing and weighing device is mainly designed for individual 

farmers, and can also be used in small processing plants. Compared with the traditional manual 
operation, which is time-consuming, laborious and inefficient, our product integrates seed screening 

and separation, automatic mixing and automatic weighing. Compared with traditional seed screening 

methods, our product has the following advantages:  



International Core Journal of Engineering Vol.5 No.7 2019                                                 ISSN: 2414-1895 

 

114 

 

1) The automatic mixing and weighing device can mix and weigh the selected seeds. Using the mixing 

device instead of the traditional manual mixing method can not only accurately control the dosage of 

medicines, but also make the seed mixing uniform, avoid the harm of pesticides to human body, save 

manpower, and use the weighing device is convenient. To quantify the encapsulated seeds, save 

manpower.  

2) Double screen filter, the upper screen surface is plane screen, the lower screen surface is prismatic 

screen design, easy to replace, the screening effect is obvious.  

3) The outlet of the material trough is equipped with a baffle, which can control the opening range of 

the outlet, so as to control the flow rate of the seeds, prevent the seeds from flowing out too fast, and 

lead to the accumulation of too many seeds in the planar screen, avoid the blockage of the mesh of 
the planar screen, and further improve the screening speed and screening effect of the seeds.  

4) A fan is fixed at the lower part of the outlet of the material trough. The fan can blow away the light 

or dry seeds and further improve the screening effect of the seeds.  

5) Brushes are arranged on the upper surfaces of both plane screen and prismatic screen. The brushes 

clean the plane screen and prismatic screen, which can further avoid the blockage of the meshes of 

plane screen and prismatic screen, and improve the screening speed and screening effect of seeds. 
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