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Abstract: In order to solve the waste phenomenon of pesticide spraying in the greenhouse, reduce 
the problem of pesticide residues in the soil, and develop a robotic robot based on machine vision. 
The system identifies crops and weeds in the greenhouse via TMS320DM642, uploads the results to 
the ARM processor and controls the spray robot to spray. The robot can correctly identify specific 
crops and weeds, and spray the target varieties according to the size and distribution of crops and 
weeds, that is, spraying herbicides on weeds and spraying insecticides on crops. At the same time, 
the system also joined the Zigbee wireless communication and video transmission module, 
achieving unmanned and intelligent spraying. 

1. Introduction 
At present, the world's plastic greenhouses and greenhouses are about 365.76khm2, and China 

has 156.7khm2, accounting for 42.8% of the world. However, the vast majority of the current 
situation is that workers are carrying traditional spray sprays. Improper operation or application in 
the absence of protective devices can cause harm to the body of the sprayer. Thousands of 
accidental poisonings have been reported. The event occurred. Moreover, the abuse of pesticides 
can also cause great pressure on the environment, leading to soil acidification and water pollution. 
Therefore, the study of intelligent spray robots based on machine vision is an issue that needs to be 
solved in China's agricultural development. In this paper, a machine vision-based spray robot is 
developed. The DSP processor is used to identify specific crops and weeds. According to the size 
and distribution of crops and weeds, the spray robot is used to spray the target variants. The 
herbicide is sprayed on the grass and the insecticide is sprayed on the crop. The system also adds 
Zigbee module to upload the parameters of the spraying robot, and joins the wireless video 
transmission module to realize remote monitoring of the spraying machine. The development of this 
system provides the basis for the intelligent, precise and unmanned spray. 

2. Hardware design 
The machine vision-based spray robot mainly includes a host computer and a lower computer. 

The lower computer consists of TMS320DM642 image processing module, image acquisition 
module, S3C2440 main control module, CC2530 node, wireless video transmission module, spray 
module, weighing module, four-wheel mobile platform and power module. The host computer 
consists of MSP430F149 sub-master module, wireless video receiving module, CC2530 coordinator, 
power module, button module, display module, monitor and so on. The spray robot analyzes the 
image in the work area to identify the specific crop and weed distribution location and area size in 
the area, and sends the processing result to the ARM processor through serial communication. The 
ARM processor controls the spraying robot to spray crops and weeds corresponding to the pesticide 
based on the received data. The Zigbee wireless communication module is used to transmit the 
working parameters of the robot (such as the remaining amount of liquid medicine) in the lower 
computer to the upper computer, and the upper computer can control the lower computer (such as 
the pan/tilt) through the Zigbee wireless network. The wireless video transmission module is used 
to transmit the video captured by the road condition camera to the upper computer and display it on 
the monitor in real time, so that the worker can view the working environment and condition of the 
spraying robot. 
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Because image processing has high requirements on processor frequency and storage, this paper 
uses TI's TMS320DM642 as image processing chip, hereinafter referred to as DM642, which is a 
high-performance fixed-point DSP with a frequency of 720MHz and rich on-chip peripherals. To 
meet the requirements of this test. As the core of the system, the main control chip not only receives 
and analyzes the data sent by the DSP, but also needs to control the spraying robot to spray, drive 
the movement of the four-wheel mobile platform, collect sensor information and upload it to the 
Zigbee node, receive and analyze from Zigbee. The data of the node drives the PTZ to work. Due to 
the arduous task, this article uses Sanxing's S3C2440 processor, which has a frequency of 400MHz, 
which fully meets the requirements of this test. 

It is used to collect the remaining amount of liquid in the spray robot's medicine cabinet, so that 
the workers can understand the spraying process in time. The pressure sensor uses a resistance 
strain gauge pressure sensor. The signal acquisition and conditioning uses a 24-bit high-precision 
A/D conversion chip, the HX711, which has two analog channel inputs and an internal integrated 
128-fold gain programmable amplifier. The spray manipulator uses a six-degree-of-freedom 
manipulator that is driven by the ARM processor to drive the steering gear through the steering gear 
drive plate. In the process of collecting reflected light signals, they generally contain various noises 
and disturbances, which mainly come from changes in sunlight and sensor interference. In order to 
improve signal reliability, reduce the influence of false information in the acquisition. In the 
program method, the digital filtering function is added. In this system, the de-extreme average 
filtering method is used to process the sampled values, because the arithmetic average filtering can 
not eliminate the obvious pulse interference, but only weakens its influence. When the sampled 
value is far away from the true value, the system can easily eliminate it and not participate in the 
average numerical calculation, so that the average filtered output value is closer to the true value. 
The idea of the extremum average filtering method is: cumulative sampling after 5 times Summing, 
and finding the maximum and minimum values at the same time, then subtracting the maximum and 
minimum values from the summation and averaging the three sample values to obtain a valid 
sample value. This value is more in line with the true value. With more values participating in the 
filtering, the real effect of the value will be better, but if the value of participation increases, there 
will inevitably be a delay in data processing. Therefore, the system only uses 5 data to participate in 
the filtering operation. 

3. Software design 
After the system is powered on, the DSP first performs initialization operations (such as 

configuring resources on the board), and then images are acquired by the binocular camera and 
preprocessed. The edge information of the target is determined by Sobel edge processing, and the 
noise is removed by median filtering. Determine the shape feature of the recognition target and 
output the display. 

Using Sony's MJW short gun camera, its CCD size is 1/3 inch, effective pixel PAL: 720 × 576, 
with automatic white balance and gain compensation. 

The Sobel operator is a first-order differential operator that uses the gradient values of the 
neighboring regions of pixels to calculate the gradient of a pixel, and then chooses according to a 
certain threshold to obtain the edge contour of the image. The weeds in the flowers in the 
greenhouse are mainly crabgrass, scorpion and iron leeks. In this experiment, the test was chosen in 
the greenhouse where the prickly pears were planted. The distance between the celestial balls was 
large, and the occlusion was not considered. Due to the obvious characteristics of the prickly pear, 
this experiment first identified the prickly pear, which is no longer specifically identified for other 
weed species. Since the outline of the prickly pear is similar to a sphere, it is easier to identify it. 
The steps of the fairy ball recognition algorithm in this paper are as follows. 1) Find the first point 
on the contour line and mark it as coordinate A1 on the first image after acquisition and processing; 
2) Find the second point on the contour line after skipping M1 points horizontally, where M1 ≥65, 
remember For the coordinate B1; if there is no second point, repeat step 1); 3) skip the N1 points 
vertically from the A1 point coordinates and find the third point on the contour line, where N1 ≥ 50, 
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denoted as C1; If there is no second point, repeat 2); 4) After finding three points of A1, B1, and C1, 
find the three points on the circle, and make the vertical bisector function of A1 and B1, denoted as 
f1, for A1 and C1. The vertical bisector function is denoted as f2; 5) the coordinate of the 
intersection of the function f1 and the function f2 is the centroid, denoted as O1; 6) the length 
between A1 and O1 is the radius of the sphere, denoted as r1; Formula V = 43πR3 Calculate the 
volume of the prickly pear, denoted as v1. 7) Find v2 in the same way in the second image; 8) Find 
the average of v1 and v2 and record v. According to the cactus volume v in the above step 8), the 
volume of the prickly pear plant can be roughly estimated, thereby controlling the spraying time of 
the lower machine sprayer. 

The main control module program mainly includes the following functions: 1) analyzing the data 
sent by the DSP and controlling the spraying module to spray the target variable type; 2) driving the 
four-wheel mobile platform movement; 3) collecting the load cell information and uploading it to 
Zigbee Node; 4) After receiving and analyzing the data from the Zigbee node, it drives the PTZ 
work. 

4. Test results and analysis 
In order to prove the representativeness of the material selection, we chose 10 different kinds of 

prickly pears, 4 different types of crabgrass, 6 iron leeks and 4 small crickets. There is a large gap 
between the prickly pears, no occlusion, random placement between weeds and weeds and weeds 
and prickly pears. From the experimental results, the overall recognition rate of the spray robot is 
about 85% without considering the fact that the prickly pears cover each other. The adaptability of 
the crop spacing in the greenhouse is good, and the requirements for actual production can be 
achieved. Of course, this design also has room for improving the recognition accuracy, and can be 
improved and improved in the following manner. 1) Increasing camera resolution The resolution of 
the camera used in the experiment is 720×576, because the resolution of the captured image directly 
affects the results of image processing, such as camera calibration, stereo matching point search, etc. 
Therefore, if the camera resolution is increased, the accuracy of image processing can be improved. 
2) Reinforce the two camera brackets. Because the brackets of the two cameras are supported by the 
brackets, there is no reinforcement between the two cameras. Although the camera has been 
accurately calibrated, due to the slight vibration and displacement of the two cameras during the 
movement of the four-wheeled mobile platform, the relative positions of the two cameras change, 
which causes the camera parameters to change. Therefore, by fixing the camera bracket, the fixing 
of the parameters of the camera itself can be improved. 

5. Conclusion 
The research and development of this design not only avoids the accidental poisoning of workers, 

but also reduces the amount of pesticides and the cost of spraying in the greenhouse. At the same 
time, solving the problem of pesticide residues and environmental pollution in greenhouse soils is 
of immeasurable significance for improving the intelligence, modernization and precision of 
agricultural spraying in China. 
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