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 Abstract 

The coming years will see a significant increase in the world’s population but the capacity of food 

production will struggle to maintain balance. One-third of all food consumed by humans is the result of 

pollinators. Bees in particular are thought to be necessary for the fertilization of up to 90% of human food 

crops. The decline in these pollinators has attracted much public attention. This project provides an 

emerging solution to food supply reduction caused by population shrinking of natural pollinators and 

results in precise farming. Scope of Optical flow sensors for stabilization and hovering are also studied. 

This project aims to develop an autonomous quad copter pollinator for future farming. Once the quad 

copter pollinators are released from the working stations they will disperse and move through the crops 

searching for flowering plants. After reaching the pollination area, sensors are used to detect the flower. 

The flowers are detected by image processing and feature extraction. Once the quad copter pollinator 

reaches the flower it checks the status of the flower. The pollen grains can then be collected and dusted on 

another flower. 

1. Introduction 

 

Pollination is the vital process for all flowering plants. But, unlike animals, plants cannot move in 

search of the partner, and they should rely on the help of external forces like wind, water or insects that 

transfer pollen to other plants for creation of new seeds. As estimated, one-third of all food consumed by 

humans is the result of pollinators, which are the agents that move the pollen, such as western honey bees, 

other bees, moths, butterflies, and birds. Pollination is mainly of two types: biotic and abiotic. Majority of 

pollination takes place through biotic agents. Bees in particular are thought to be necessary for the 

fertilization of up-to 90% of the world's most important human food crops. They have developed flower 

constancy; these pollinators visit the same species of flowers thereby, increasing reproduction. In addition, 

biotic cross-pollinators can travel across long distances, thus causing global pollination. In particular, bee 

pollinators also behave with Levy flight behavior.  

Honey bee colonies consist of a single queen, hundreds of male drones and 20,000 to 80,000 female 

worker bees. These pollinators which are necessary are declining globally in both abundance and diversity. 

Colony collapse disorder (CCD) is an abnormal phenomenon that occurs when the majority of worker 

bees in a colony disappear, leaving behind a queen, plenty of food, and a few nurse bees to care for the 

remaining immature bees. The United States department of Agriculture reported that the colony losses 

occurred in the US over the winter of 2013–2014. Several possible causes for CCD have been proposed, 

but no single proposal has gained widespread acceptance among the scientific community. Suggested 

causes include pesticides, infections with various pathogens, malnutrition, and loss of habitat, 

changing beekeeping practices; or a combination of factors. Total losses of managed honey bee colonies 

from all causes were 23.2% nationwide. After bee populations dropped 23% in the winter of 2013, 

the Environmental Protection agency and Department of Agriculture formed a task force to address the 

issue. The decline in these pollinators has attracted much public attention. 

Honeybees are no longer disappearing suddenly and mysteriously. They’re dying persistently, in plain 

sight, and scientists often know why. A University of Maryland-led survey shows beekeepers lost 

38 percent of their bee colonies last winter, the most seen in 13 years of research. Those losses threaten an 

often overlooked but fundamental segment of the nation’s agriculture industry. Colony collapse disorder 

played a vital role in the decline of the healthy colonies. On average since 2006, beekeepers have lost about 

30 percent of colonies each winter, when hives must subsist on honey reserves to survive. This work argues 

that the simulated artificial pollination of agricultural plants by means of quadcopter can provide collecting 

and delivering pollen in the mode of automatic control. The stability of the quadcopter is satisfied by 

implementing Optical Flow Sensors, which is an emerging technology in the field of UAV navigation and 

stabilization. Optical flow sensors will aid in hovering of the aircraft for better image capturing and 

efficient pollen transfer. The existing ways of pollination are rather labour consuming and low productive 

depending on insect’s pollinators; moreover, they are injury-causing and ineffective. It is possible to 

eliminate defects of these ways of pollination of various plants by means of the quadcopter, which is fully 

automatic. 
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2. Literature Survey 

 

A. RoboBee 
 

Researchers at the Wyss Institute are developing RoboBees. RoboBees are insect inspired robots with 

potential uses in crop pollination, surveillance, search and rescue missions as well as high resolution 

weather, climate and environmental monitoring. The 3-centimeter (1.2 in) wingspan of RoboBee makes it 

the smallest man-made device modelled on an insect to achieve flight. The wings can flap 120 times per 

second and be controlled remotely in real time. Each RoboBee weighs 80 milligrams (0.0028 oz) 

[Zhao2019]. 

 

 

 

 

 

 

 

 

Fig 1. RoboBees: Autonomous flying microbots 

B. BrambleBee 

BrambleBee is an autonomous robot to pollinate bramble plants. Researchers at West Virginia 

University (WVU) have recently developed an autonomous robot inspired by bees, which can pollinate 

bramble plants within a greenhouse environment. BrambleBee uses state-of-the-art localization and 

mapping techniques, as well as other tools that enable visual perception, path planning, motion control, 

and manipulation [Ohi2018]. This project is funded by the National Institute of Food and Agriculture 

(NIFA), an agency of the U.S. Department of Agriculture (USDA), under the National Robotics Initiative. 

The precision robotic pollination system created at WVU is the first of its kind.  

 

 

 

 

 

 

 

 

 

 

Fig 2. BrambleBee 
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3. Proposed Methodology 

The proposed system aims at autonomous cross pollination using quadcopter. The coordinates of the 

working area are given as input. Quadcopter moves to that coordinate when released from the working 

station. Using a visual camera and sensor the image of the field is captured. The captured image is 

processed and using image processing techniques the flowers in the field are identified and also find their 

respective coordinates. Then using intelligent path planning techniques, the micro quadcopter will create 

a path for the copter to move between the identified flowers. Later, the quadcopter will move through 

the field and capture the close-up images of each flower identified earlier. Thus, it classifies the 

flowers according to their status, that is whether it is a female flower or a male flower. Finally, the 

pollinator will do the pollination process between the flowers using an appropriate pollen transfer 

mechanism. 

 

  

 

 

 

 

 

 

 

 

 

Fig 3. Block diagram 

A. Quadcopter 

A quadcopter is a multirotor helicopter that is lifted and propelled by four rotors. Quadcopters are 

classified as rotorcraft, as opposed to fixed-wing aircraft, because their lift is generated by a set of rotors. 

In general, there are three concepts widely used in the design of the UAV, that is, fixed-wing, rotary-wing 

and flapping-wing. From the development of UAVs, the advantages and disadvantages of the three 

concepts can be analyzed. For fixed-wing flight vehicles, they have no complicated system and can fly at 

a high speed with less power, while they have no hovering or slow flight capabilities and require launchers. 

For rotary-wing flight vehicles, they do have good hovering performance, the ability of vertical takeoff 

and landing, and perching capabilities, but they are more complex than fixed wings. And for flapping wing 

flight vehicles, they have high maneuverability, ability of hovering and the ability of mimicking animals, 

but a fairly complex kinematics and unsteady and nonlinear aerodynamics are the key disadvantages to 

implement them. Obviously, fixed-wing concepts should be discarded because of the lack of hovering 

ability. However, it is still an open debate to select a concept between the rotary-wing and the flapping-

wing. When compared to flapping-wing, the rotary-wing flight is more preferred for this proposed system 

[Chen2019]. 

 

B. Image Processing 

A central coordinate of the pollinating area is set by analyzing the values of length and breadth of 

the field and the range of cameras. Half the value of length and breadth may give the x and y 
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coordinates and the maximum range of the camera can give the z coordinate. For fields with large area, it 

is again divided into sub areas and given specific coordinates for each area.  

Image of the field is captured using the cameras and processed in OpenCV to identify flowers and their 

location. Image processing mainly include the following steps:  

1. Importing the image via image acquisition tools.  

2. Analysing and manipulating the image.  

3. Output in which results can be altered image or a report which is based on analyzing that image.  

Colour spaces are a way to represent the colour channels present in the image that gives the image 

that particular hue. There are several different colour spaces and each has its own significance. Some of 

the popular colour spaces are RGB (Red, Green, Blue), CMYK (Cyan, Magenta, Yellow, Black), HSV 

(Hue, Saturation, Value), etc.  

BGR colour space OpenCV’s default colour space is RGB. However, it actually stores colour in the 

BGR format. It is an additive colour model where the different intensities of Blue, Green and Red 

give different shades of colour. HSV colour space stores colour information in a cylindrical representation 

of RGB colour points. It attempts to depict the colours as perceived by the human eye. Hue value varies 

from 0-179, Saturation value varies from 0-255 and Values varies from 0-255. It is mostly used for colour 

segmentation purposes.  

The flowers are identified using colour space segmentation. A range of colours is set to include the 

colours of the flower that is used. Images captured by the cameras are loaded into OpenCV. The loaded 

image is in BGR format. OpenCV by default reads images in BGR format. 

 

  

 

 

 

 

 

 

Fig 4. Loaded image in BGR format 

The image is then converted from BGR to RGB colour space. In the most common colour space, RGB 

(Red Green Blue), colours are represented in terms of their red, green, and blue components. In more 

technical terms, RGB describes a colour as a tuple of three components. Each component can take a value 

between 0 and 255, where the tuple (0, 0, 0) represents black and (255, 255, 255) represents white.  

 

 

 

 

 

 

 

 

Fig 5. Image in RGB color space 
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Image is converted to HSV colour space for colour block segmentation. HSV stands for Hue, 

Saturation, and Value (or brightness), and is a cylindrical colour space. The colours, or hues, are modelled 

as an angular dimension rotating around a central, vertical axis, which represents the value channel. 

Values go from dark (0 at the bottom) to light at the top. The third axis, saturation, defines the shades of 

hue from least saturated, at the vertical axis, to most saturated furthest away from the center.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 6. Converted image in HSV format 

 

The image is threshold based on the simple range of required colour to obtain binary mask. 

Here thresholding is done to obtain the segments in the range of light yellow (20,100,100) to dark yellow 

(30,255,255). A mask is applied on top of the original image using bitwise and function. cv2.inRange() is 

used to try to threshold the image. inRange() takes three parameters: the image, the lower range, and the 

higher range. It returns a binary mask (an array of 1s and 0s) the size of the image where values of 1 

indicate values within the range, and zero values indicate values outside. To impose the mask on top of the 

original image, we use cv2.bitwise and (), which keeps every pixel in the given image if the corresponding 

value in the mask is 1. Morphological operations are a set of operations that process images based on 

shapes. They apply a structuring element to an input image and generate an output image. The most basic 

morphological operations are two: Erosion and Dilation. Basics of Erosion is to erode away the boundaries 

of the foreground object and diminishes the features of an image. A kernel (a matrix of odd size (3,5,7) 

is convolved with the image. A pixel in the original image (either 1 or 0) will be considered 1 only if all the 

pixels under the kernel is 1, otherwise it is eroded (made to zero). Thus, all the pixels near the boundary 

will be discarded depending upon the size of the kernel. So the thickness or size of the foreground object 

decreases or simply white region decreases in the image.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 7. Image after thresholding and application of mask 

 

Contours are found out in the eroded image and are marked. This process marks the flowers 

identified. Contours are defined as the line joining all the points along the boundary of an image that are 

having the same intensity. Contours come handy in shape analysis, finding the size of the object of 
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interest, and object detection. OpenCV has findContour() function that helps in extracting the contours 

from the image. The centroid of each blob of contour is identified. This gives the x and y coordinates of 

each identified flower. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig 8. Final image with marked contours on each flower. 

 

C. Intelligent Path Planning 
 

In a path planning problem, the objective is to identify a suitable path for movement of the quadcopter 

to complete the mission by avoiding any adverse environmental factors like obstacles in the field. The main 

purpose of an optimized path is to energy consumption and find a safe flight path. The optimization is done 

under one or more criteria like minimum working cost, shortest walking path, etc. a lot of algorithms have 

been proposed to find an optimal path for UAV [Esakki2015]. These proposed algorithms are mainly of 

two categories i.e. in terms of the algorithm form, including optimal algorithm and the heuristic algorithm. 

Optimal algorithm includes parameter optimization algorithm, mathematical programming algorithm and 

exhaustion method whereas the heuristic algorithms include A* algorithm, Ant colony algorithm, 

simulated annealing algorithm and genetic algorithm [Lv2017]. According to the tasks performed by UAVs 

these algorithms can be divided into coverage paths and optimal path planning algorithms. Here a path has 

to be identified for the quadcopter to move above the flowers located through image processing. This is 

done by using various path planning algorithms. 

 

D. Pollen Transfer Mechanism 
 

Artificial pollination techniques require the physical transfer of pollen with an artist's brush or cotton 

swab from male to female flowers. Unfortunately, this requires much time and effort. Another approach 

uses a spray machine, such as a gun barrel and pneumatic ejector. This method has a low pollination success 

rate because it is likely to cause severe damage of pollen and flower pistils. These are some  

of the traditional methods employed. Therefore, significant efforts have been made to develop 

bioengineering technologies that will lead to a bio-inspired robotic pollinator that can mimic the 

functionality of natural bees. The development of such materials, in particular, will lead to various 

applications for bio-inspired robots  

 

i. Ionic Liquids 
 

Ionic liquids show great potential for use in numerous scientific and technological applications in 

various fields. Ionic liquid gels exhibit ionic conductivity and also desirable mechanical, thermal, and 

optical properties. ILGs are combined with living insects and aerial robots as the first step toward creating 

functional hybrids for the realization of a practical artificial pollinator. Strategic approaches for 

functionalizing organisms and/or robots with ILGs will have great benefit in the fields of chemistry, bio-

inspired materials, and robotics. The developed ILG composite has the following rational molecular design 

characteristics, making it ideal as an artificial pollinator. Non-Volatility of ILGs provides semi-permanent 

adhesiveness that can remain in a sticky wet state for a long period in both normal and harsh environments, 

including in a vacuum and a thermally severe atmosphere. The flexibility and softness of the ILGs help to 
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increase the adhesive force with pollen grains by increasing the contact area. In addition, the softness of 

the ILGs improves coating of the hairs, and it reduces damage when the ILGs make contact with the stamen 

(pollens) and pistil. The super wettability and electrostatic properties of the ILGs are suitable for effective 

pollen grain collection, as seen in insect wings, which can efficiently attach pollen. 

 

ii. Electrostatic Force 
 

Bees usually possess electrically positive surface charge. A foraging bee’s body will be electrostatically 

charged with "frictional electricity" when it flies through the air and is confronted with electrical currents. 

In case of pollen seeking insects, the forces of attraction between the insect’s positively charged body 

surface and the generally negatively charged plant with its pollen enhances the accumulation of pollen on 

the surfaces of the insects and pollen distribution by the insects. Normally plants possess small negative 

surface charges under clear day conditions, and are, therefore, surrounded by electric fields of low intensity 

[Vaknin2000]. Under Unstable weather conditions, as on a cloudy or rainy day, the electric fields can 

change their polarity and the surface charges become positive. This property of pollen attraction by a 

positive charge can be employed in the pollen transfer mechanism of an artificial pollinator. A hair like 

brush can be provided with a positive charge which attracts the pollen grains from the flower for pollen 

collection and releasing of these charges from the brush and providing the reverse effect can aid in 

deposition of these pollen grains on another flower surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 9. Electrostatic Forces 

 

 

iii. End Effector 
 

A pollination end effector is designed to attach onto the quadcopter pollinator that is inspired by the 

biology of bees and mimicking the hair-like scopa on their legs and abdomen that collect pollen from the 

flower. The quadcopter can be designed in such a way that the end effector reaches out to the pollens and 

collects it. This end effector can then be moved towards another flower to deposit the collected pollen. 

 

  

E. Optical Flow Sensor for Stabilisation 
 

Optic flow is the apparent visual motion seen by an observer when moving relative to a textured surface. 

This motion can be used to infer information about the state of the observer relative to that surface 

[Shen2016]. This principle is used heavily by insects, where optic flow is used to calculate odometry and 

regulate ground speed. An optical flow sensor pointing downwards placed on a quadcopter captures 

continuous images. These images are processed to identify the difference in pixels. When stabilization 

mode is switched on the quadcopter compares the values of pixel changes in continuous frames captured 

and provides motion to reverse the changes in pixels and maintains constant pixel values. This method 

provides stabilisation for hovering of the drone.  
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4. Socio-Economic Relevance 

For efficient pollination, farmers perform hand pollination to attain desired crop products. This is a 

tedious and tiresome task and involves a lot of manual labour. The proposed system alleviates this 

dependence on human labour and considerably reduces labour cost. The proposed process employs 

precision farming giving high yielding crops. Also, the time required for the pollination of a plant is 

considerably reduced when compared to pollination by natural factors [Wang2011]. 

 

 

 

 

 

 

 

 

 

Fig 10. Optical Flow Sensor 

 

5. Conclusion and Future Works 

The development of autonomous quadcopter for artificial pollination will surely aid in replacing the 

decreasing natural pollinator population. Here, Optical flow sensors are utilised to provide the stability 

needed for hovering for image capturing and pollen transfer. This is an emerging stabilising factor utilised 

by many upcoming projects on drones. We have proposed different mechanisms for pollen transfer. An 

autonomous system for pollination will considerably reduce the work force and manual labour cost 

required for artificial pollination done through hand pollination while also replacing the decreasing bee 

population. But there are also considerable challenges faced during the development of such an 

autonomous quadcopter. The pollen collection and deposition using the quadcopter will be difficult as the 

wind from the drone rotor will disturb the flower by a large extent and the flower will not stay stable during 

the process. Also, the size of the drone will be large. To minimize the size for efficient movement will take 

further research to identify and develop a frame that can also carry the payload of additional sensors and 

provide stability. Further research and work will be in the above-mentioned areas to improve and develop 

a stable autonomous quadcopter for pollination. 
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