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Abstract 
 
Agriculture is most important for human survival depends upon the weather 

condition, water resources, seeds fertility, and the fertility of the soil in the 

agriculture field. Besides, cultivated plants weed also grown in the field due 

to anemophily, ornithophily, and zoophile.  The weeds are the unwanted 

plant that grows in the Agricultural form which culls all the nutrition and 

space of the cultivated plant in the field. Weeds will grow randomly in fields. 

Growing weeds are reducing the growth of cultivated plants and also their 

yields. The techniques used to remove the weeds are hand pulling, root talon, 

weed wrench, mowing, brush-cutting, stabbing, girdling, soil solarization, 

mulching which depends on terrain type and perennials type. The proposed 

work designs an autonomous weeder to crunch weeds instantly from real-

time fields independent of land type with the constrain of row-based crops 

such as turmeric, sugarcane, onion, beetroot fields. Weeder consists of 

flexible high torque rotavator blades with vertical and horizontal adjustment 

can be done through machine vision. The weeder can travel on any type of 

terrain field with the help of a cage wheeland it is controlled by the 

Raspberry pi. Instead of using fossil fuel as the power resource here, the 

power resources are lead-acid battery which reduces the air pollution caused  
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by fossil fuel, the noise pollution caused by the internal combustion engine 

and weeder. The advantages over other techniques are no use of fuel, a 

farmer can also able to remotely control robot instantly and reduction of time 

consumption to remove weeds and the weeder can travel as per user-defined 

structure in the real-time field autonomously. Since the crunching operation 

of weeds is mechanical it does not affect the fertility of the soil as caused by 

pesticide or any other chemicals. 

 

 
Keyword: Weed removal, Weed control, Rotavator Blades, Chemical free 

weeder, embedded weeder, Agricultural robot. 

 

 

1 Introduction 
 

Agriculture is the reason for the existence of the human race. The 

economic growth of developing country is based on agriculture Developing 

country gradually steps the agriculture techniques into modern technologies 

such as agrochemical pesticides and fertilizers, plant breeding to increase the 

productivity rate to meet the needs demanded by population growth. Weeds 

are notorious yields that are economically more harmful than fungi, insects, 

and pests. The world’s plant species counting is around 2, 50,000 in which 

weed constitute of 250 species prominently in agriculture farm. Based on 

ontogeny weeds may be classified as biennials, annuals, and perennials. The 

factors based on which weeds classified are ecological affinities, soil type, 

place of occurrence, origin cotyledon number, soil pH, morphology, 

poisonous weeds, and parasitic weeds. The study of weed management 

between 2014 to 2018 revealed that the loss of yield is high in the case of 

perennials weeds between 45 to 57 percentages. The existing methods for 

weed removal are the Internal Combustion engine to run the heavy 

machinery such as a tractor. The main liability will be that we can’t run the 

Internal Combustion engine automatically. Secondly, pesticides method 

which is commonly used in Asian countries are damaging the soil 

environment and also affect the plants. Using human labor in the field is a 

time taking process with a high investment of money. The developing 

country lacks mechanization due to the fragmentation of agricultural land 

which is the reason for the inability to import the modern machinery tools 

used by developed countries [1,2]. The proposed work has developed an 

autonomous weeder which is a machine can be used for the crunching of 

weeds by without polluting the fertility of the land through machine 

vision[3]. The designed weeder can move in the small fragmented land  
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autonomously[4]. Before designing an application in real-time, it is better to 

design in 3D design software. 3D design helps in the reduction of the  

components manufacturing errors. The optimization design of Autonomous 

weeder through Auto Desk AutoCAD Fusion 360 software helps in the cost 

reduction, weight reduction and increases the efficiency of the weeder in the 

weed removal[5]. 

 

2 Related Work 
 

Thorat Deepak sabaji et al.,[6] designed and developed a power weeder 

for ridge profile. The weed control using a mechanical model is a problem 

still in the ridge. This model of weeder has two main components such as the 

rotor shaft and cutting blades. The cutting blades are L type C type, the flat 

type depends on the clay type in the geographical location. The rotor shaft 

diameter is 18mm with the speed of the blade is 200 rpm with a certain noise 

level up to 15.26dB. The designed weeder model was tested in the potato 

crop. The power requirement on the weeder depends on the soil resistance 

the total width of the blade was 400mm. this method is suitable only for the 

weeds having the root depth not greater than 40mm. the revolution is 150rpm 

for the soil moisture should be 11.3%. The mainframe length is 530mm and 

the height is 20mm and with a depth of 350mm. the total weight of the power 

weeder is 53kg including all the peripherals and the combustion engine. The 

time saving of the power weed is 92.97% when compared to the manual 

weeding. The efficiency of removing weeds is 91.37%. The damage 

prevention of the plant is 2.66%. This project does not aim to make the 

weeder as the automated weeder in the movement. 

Selvakumar G et al., [7] proposed a manually operated weeder with two 

wheels when the wheels get started to rotate the rotational force of weeder 

helps in cutting the weeds. This project is aimed to reduce the weeds growing 

rate in the initial stage of the groundnut and tomato. The man will drive the 

weeder and the weeder will move in the forward direction and the blades 

fitted in the rear end of the wheel will start to cut the weed and the weeder 

will step into the next round. The chain sprocket is used to attach the rear and 

front wheel with the rotatory blades. The wheel weight is 12kg and the width 

of the blade is 30mm. The thickness of the blade will be 5mm with the 

curvature radius of the blade is 40mm. The torque required to move the shaft 

is 70.63Nm. This protocol can be used for the fields where the gap between 

the plants is around 5-12 inches. So, it cannot be used for all types of plant 

cultivation with less manufacturing cost.  
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3 Proposed Methodology 
 

An Embedded weeder uses the raspberry pi which has programmed in 

python will control the entire mechanical gesture of the rotavator by 

controlling a stepper motor. The Rotavator which consists of five blades in it 

is going to crunch the weeds. We have two stepper motor which is going to 

move the rotavator in a two-dimensional axis thus the rotavators are 

flexible[8,9].When weeds are identified through image processing, the 

rotavator will impose its L shaped blade into the soil and causes pressure in 

the surface of the soil while it starts rotated by dc gear motor. The soil gets 

dug for Several meters which is maximum up to its height of the rotavator 

blades[4,10]. Thus, the weeds get crunched into the soil. The source of the 

weeder robot is Lead-acid battery which is connected in parallel to increase 

current rating 14Ah.Figure 1 explains the block diagram of the Proposed 

Model. Figure 2 explains the pulse from the stepper motor activate DC gear 

motor which will make the rotavator rotate and crunch the weeds. 

 

 

 

 
Figure 1 Block Diagram of Proposed Model 
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Figure 2 Block Diagram of Mechanical Construction. 

 

3.1 Weeder Movement Algorithm 
 

A groove tracking algorithm is an important part of the weeder robot to 

detect proper groove lines in the field autonomously. To detect the grooves 

weeder uses three distance sensors (straight, right and left) which will 

produce sound waves to detect groove obstacles. Weeder will detect the 

direction of the front, right and left with the help of distance sensors[11]. A 

weeder can enter the field either right side or left side. At first, it will 

calculate the total number of grooves in the field. For example, if the field 

has eight grooves then a weeder has to cross eight grooves[9]. 

The weeder robot has four direction motions. 

i.Forward – All wheels move towards the forward direction. 

ii.Reverse – All wheels move towards the backward direction. 

iii.Left – Left side of the robot wheels move backward and the right side of 

the robot wheels move forward. 

iv.Right – Right side of the robot wheels move backward and the left side of 

the robot wheels move forward. 

  Either if a weeder enters the field from the right side then the pattern for 

moving was FM-RM-FM-RM-RM-FM-LM-LM-FM-RM-FM-RM-RM-FM-

LM-LM-FM-RM-FM-RM-RM-FM-LM-LM-FM-RM-RM-FM-LM or enter 

the field from the left side then the pattern for moving was FM-LM-FM-LM-

LM-FM-RM-RM-FM-LM-FM-LM-LM-FM-RM-RM-FM-LM-FM-LM-LM-

FM-RM-RM-FM-LM-LM-FM-RM (FM- front move, RM-right move, LM-

left move).  

Weeder will enter any one path at a time. For example, if it chooses left 

side entry then it will start to move in the front direction. While moving at  
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this same time a weeder will increment the number of grooves presented on 

the right side of the robot through the distance sensors. Based on the logic  

flow when the left sensor goes low value for some long time, front sensor 

high value and sequence right detection then a weeder will move front and 

also increment groove counts. When Weeder detects left and front sensors go 

low value then it will turn to the right side and then again move to the 

straight direction. During this process when both left and front sensors detect 

low value that means it reached one groove on its path so a weeder will 

decrement the groove count respectively. If a weeder detects any weeds on 

his path it will crunch a weed at that place. Figure 3 explains the movement 

of the weeder in the field through the Groove tracking algorithm. 

 

 

. 

 
Figure 3 Groove tracking algorithm 

 

3.1 Representation 
 

A – If front obstacle>20 cm&& left obstacle<20 cm&& right obstacle<20 

 cm. 

B – If front obstacle<20 cm&& left obstacle<20 cm&& right obstacle<90 

 cm 

C – If right turn%2==0 

D – If front obstacle<20 cm&& left obstacle>20 cm&& right obstacle<20 

 cm 

E – If front obstacle>20 cm&& left obstacle>20 cm&& right obstacle<20 

 cm 
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F – If left turn%2==0 

 

Figure 4 represents the flow chart for the weeder movement by analyzing 

the signal from the distance sensor. 
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Figure 4 Flowchart for Weeder Movement 
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3.2 Weed Detection Through Image Processing 
 

3.2.1 Image Segmentation 
 

Image Segmentation is a process in which the digital image is converted 

into a set of pixels based on texture or shape which helps in ease analysis of 

the image. By making the threshold for segmentation we can easily separate 

the foreground and background of the image. Here for segmentation, we use 

the HSV (Hue Saturation Value) filter. When the real-time image of the plant 

is taken there will an illumination effect due to sunlight. Thus by using an 

HSV filter, we can eliminate the illumination effect[12]. 

 

3.2.2 Component Labelling 
 

      Component labelling is used to identify the connectivity point or 

connected points and pixels and assigning these connected components into a 

single label. In 3D image labelling, our connectivity is facing with an edge 

through 4-pixel connectivity. Noise removal of the image is prerequisite for 

image processing[13]. Figure 6 represents the flowchart for image 

processing. Figure 5 represents the input image for image processing. 

 

 
Figure 5 Input RGB image 
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Figure 6  Flow Diagram for Image Processing 

 

 

 
Figure 7 Background removal 
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Figure 8 Component Labelling 

 

 
 

Figure 9 After Area-based Thresholding 

 

3.3  Morphological Operation 
 

3.3.1 Morphological Dilation 
 

Dilation is the process of adding a pixel to the boundary of the shape in a 

binary image. The number of pixels added depends upon the structural 

elements of the shape and size in the image used for processing. 
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3.3.2 Morphological Erosion 
 

Erosion is the process of removing pixel to the boundary of the shape in 

a binary image. The number of pixels removed depends upon the structural  

elements of the shape and size in the image used for processing. In Image 

processing Erosion and dilation is the basic workhorse of morphological 

noise removal [14].Figure 7 represents the separation of plants from the soil. 

Figure 8 represents the output of the contour which has connectivity. Figure 

9 shows the result after separating the contour based on the threshold area 

which is defined. Figure 10 shows the weed image as a result. 

 

 
Figure 10 Weeds detected 

 
3.4 Autonomous Weeder 
 

 After Erosion and dilation, the weed image is extracted from the input 

image. After calculating several white pixels in the output image is greater 

than zero, the pin for the stepper motor is set to be high. Then one stepper 

motor which meant for up and down makes the rotavator to the down 

position and another stepper motor can flexibly move to the weeder position. 

Then DC Gear motor gets energized and rotavator starts to crunch the 

soil[15].  

The soil force acting on each blade is shown by equation (1) 

 

 Ke= KsCp/ iZeNe                                                                      (1) 

 

Ks - Maximum value of tangential force (Kg) 

Cp - coefficient of rotavator blade tangential force 
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i - Flanges in Rotavator 

  Ze - no of rotavator blades on each side of the flanges. 

  Ne - the ratio of number of blades in the soil to the total number 

of blades 

  

Friction force = µ x N                                                                            (2) 

µ - co-efficient of friction 

N – Normal force 

 Friction force = 0.3 × 98.07  N 

Friction Torque = Frictional force x radius of cage wheel                    (3) 

 

 Where radius of cage wheel is 60 mm 

Frictional torque = 1.765 Nm 

The equation (2) and (3) are used to calculate the Friction force and 

Frictional Torque  of the cage wheelrespectively.Figure 11 shows the flow 

diagram for the weeder operation after image processing. 

 

 

 
Figure 11 Flow chart for Weeder Operation 

 

 



                                                                                                                  
 

 

 

 

 

 

 

 
Design and Development of Chemical Free Green Embedded Weeder for Row Based Crops 

2115 

 

4  Result and Discussion 
 

 
Figure 12 3D – Viewer of Weeder 

 

 
Figure 13 Designed Weeder 

 

The proposed model was tested in the turmeric field which is a row-

based crop. The field of one hectare was normally distributed as 0.5 hectares 

for manual and 0.5 hectares for the designed weeder. Figure 12 shows the 3D 

modelling weeder through AutoCAD software named Fusion 360.Figure 13 

shows the real-time mechanical design through laser cutting and Hydrogen 

Welding. Table 1 shows the analysis of weed removal for 0.5 hectares of the 

turmeric field. 
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Table 1 Comparison of Labor Vs Weeder in the Wedding process for turmeric field. 

 

Feature Labor Weeder 

Cost(Rs) 60,000 25,000 

Time 7 hours 5 hours 

 

Analysis of weed removal for 0.5 hectares through manually 

 

Based on cost 

 

 The individual labor cost is Rs. 300 per day and may vary depends on 

time. 

 The total person required for 0.5 hectares is 30 persons. 

 The total times weed removal process to have happened in the fields is 

four times of minimum. 

 The total capital required for 0.5 hectares during one cultivation period is 

Rs. 24000. 

 For Turmeric field minimum at least three times of weeding should be 

required. So total cost of weed removal around one cultivation period is 

60,000 

 

Based on time 

 

 The time required for 30 persons to remove weeds for 0.5 hectares will 

be 7 hours including leisure time 

 Analysis of weed removal for 0.5 hectares through this proposed weeder 

 Analysis of weed removal for 0.5 hectares through mechanical weeder 

 

Based on cost 

 

 The manufacturing cost of the weeder is Rs. 25000. 

 The maintenance cost is Rs. 2000 yearly. 
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Based on time 

 

 The time required for removing weeds for 0.5 hectares will be 5 hours 

where the weeder does not have any leisure time. 

 

5 Conclusion 
 

The development of Agriculture leads to a reduction in the poverty of 

rural people. The proposed work has developed a weeder that will satisfy the 

needs of the farmers. The designed weeder has greater cost reduction which 

is a single time investment, operation because of high torque rotavator which 

crunches the weeds, no fuels, no labors. An accuracy of weeds removal 

through weeder with the help of a flexible rotavator is 90%. The time 

reduction is 28.58%. The payback period of the weeder will be 2 years while 

considering manually weeding cost thereafter only recurring cost of 1000 

rupees will be involved. 
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