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Abstract— Food security is one of the global problem. As 

most of food consumed by humans relies on animal 

pollination currently, this research provides an emanate 

solution to food supply reduction caused by natural 

pollinators population shrinking, so as to reduce its adverse 

impact on overall ecosystem. This paper develops a 

conceptual & flexible planning of autonomous pollination 

for future farming using robotic micro air vehicle pollinators 

(MPrs). The research provides new perceptivity into 

autonomous design and manufacture and into different 

possible ways to increase the production efficiency. 

Artificial intelligence and human expertise in the loop helps 

to develop autonomous MPrs for smart agricultural industry. 

Further, this work identifies scientific and technological 

advances that are expected to translate, within proposed 

regulatory frameworks, into the pervasive use of MPrs for 

agricultural applications and beyond. 
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Motivation: Now a days there will be largest scope for 

artificial intelligence in various fields including agricultural 

field. Before AI, agricultural tasks and risk assessment 

would have taken weeks, but now important information is 

available by simply flying a MPrs out over a farm which 

indicates the importance of AI. Due to the use of AI, many 

tasks related to farming has been automated such as 

detection of stunted crops, weed or pest-damaged land, and 

dryness etc. Artificial intelligence is also used for flower 

recognition, pollinating process, etc. Hurdle avoidance 

technology and developed, refined software can plan a 

device and establish the area before precision-spraying crops 

using AI which is faster than manual spraying and works out 

to be cost-effective. Hence AI based MPrs will be best 

alternative for natural pollinators which will give efficient 

results in autonomous pollination. 

I. INTRODUCTION 

AI could add $232BN to UK's GDP by 2030 according to 

new research by PwC [1].  

Although AI is still a few years away from 

servicing us in our daily life and work, AI has already been 

impacting on the world in a few subtle ways profoundly, 

such as a facial recognition payment solution, cyber-

security, healthcare, and precision farming [2], [3].  

Systems like John Deere's AutoTrac [4] enable 

considerable machines to plant crops in a far more reliable 

and rigorous way and can reduce overlap in agricultural 

processes which in turn reduces the use of chemicals and 

increases yield.  

Cainthus provides a machine vision approach [5], 

using deep learning, to create facial/pattern/objective 

recognition systems which are able to identify/classify 

individual animals by their facial/body features in a few 

seconds, and enable considerable herds to be monitored with 

the minimal human involvement.  

AI driven autonomous systems are able to assist 

farm workers to carry out crops-growing tasks, to predict the 

outputs of farming production over a few months in advance 

for the next a few actions planning, incorporated with digital 

agriculture technologies [6].  

There are two main reasons causing the 

intensifying pollination shortage [7]:  

1) In the USA, the pandemic colony collapse disorder 

(CCD) of the Western honey bee (Apis mellifera), 

which caused 37% bee species population shrinking 

without proven scientific cause, has thus stirred 

substantial concern for the general welfare of regional 

humanity.  

2) Other regions in the world (in Africa and Europe), the 

Food and Agriculture Organization (FAO)'s [8] data 

reveals that the global population of managed honeybee 

hives has increased >45% during the last half century, 

however, FAQ's available data also reveal a much more 

rapid (>300%) increase in the agriculture fraction that 

depends on animal pollination during the last half 

century, which may be increasing demands for 

agricultural pollination services and stressing global 

pollination capacity.  

A robotic micro air vehicle (MAV) pollinator 

(MPr) is one of emerging solutions to sustain worlds' food 

supply. This paper aims to provide a conceptual technical 

roadmap of autonomous pollination system (APS) for future 

farming using robotic MPr with flapping wings.  

There exist some successful flapping wing MAVs, 

like Nano Humming-bird [9] by Aerovironment Inc., DelFly 

[10] by TU Delft, Harvard Microrobotic Fly [11], Harvard 

RoboBees, Robot Dragonfly by TechJect, FESTO 

BionicOpter and Mosquito robot, etc.  

Most of the research work has focused on robot 

structural design, circuits design or flight simulations, the 

fewer (FESTO) have addressed the 'intelligence` of the 

'autonomous` robotic systems. To fill this gap, this paper 

proposes an autonomous robotic pollinator using 

computational intelligence approaches. 

II. LITERATURE SURVEY 

In 1999, S. Talavera, et al studied pollen flow and 

reproductive success in two different‐density stands 

of Cistus libanotis, a self‐incompatible species. Assuming 

the reproductive output over the flowering season, 

differences in pollinator spectrum and in pollen flow among 

stands did not affected the reproductive success of C. 

libanotis individuals; both fruit and seed set were similar 

among stands [20].  

M. H. Dogterom done a work on “Pollination by 

four species of bees on highbush blueberry”, in 1999. 

According to the paper, honey bees are the best pollinator of 
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northern highbush Bluebeam’s and therefore more research 

is required into methods of improving their pollination 

effectiveness on highbush Blueberry. More research on 

pollination requirements of crop plants and bee capabilities 

as pollinators of a particular crop is essential to improve 

crop production of pollinated food crops [17]. 

In 2007, R.Winfree, et al have studied a global 

decline in wild pollinators has increased interest in how 

pollinators are affected by human land use, and how this, in 

turn, affects crop pollination. Wild bee visitation to four 

summer vegetable crops were measured by them, and 

investigated associations between flower visitation rates and 

land-use intensity at local and landscape scales. Their 

findings suggest that agri-environment schemes and similar 

programmes that work through local habitat restoration 

should target farms in intensively agricultural 

(homogeneous) landscapes to gain maximum conservation 

benefits [19].  

M. Nagenborg, et al in 2008 have examined 

examples from special fields of application (medicine and 

healthcare, armed forces, and entertainment). They do not 

claim to present a complete list of ethical issue nor of 

regulations in the field of robotics, but they have 

demonstrated that there are legal challenges with regard to 

these issues [12]. 

In 2009, G. C. H. E. de Croon, et al have worked 

on Design, aerodynamics, and vision-based control of the 

DelFly. One of the aims of this research on Micro Air 

Vehicles (MAVs) is to arrive at fly-sized MAVs that can fly 

autonomously in complex environments. The main 

challenge for achieving a small span size of the ornithopter 

lies in reducing the weights of all other components. 

Second, at smaller scales, the autonomy of the ornithopter 

becomes increasingly important. At a smaller size scale the 

movements of the ornithopter occur at a smaller time scale 

as well [10]. 

J. K. Tuell, et al in 2010 monitored bee activity and 

compared fruit set, weight, and seed number in a field 

stocked with honey bees, Apis mellifera L., and common 

eastern bumble bees, Bombus impatiens (Cresson) to 

determine the effect of weather on highbush blueberry, 

Vaccinium corymbosum L., productivity. They found No 

significant increase over flowers exposed during good 

weather was observed when clusters were exposed during 

good and poor weather [18].  

A robust design method, which is novel for the 

lower extremity exoskeleton design had been developed in 

2018 by Z. Wang, et al, by developing time-variant 

robustness and reliability indices the enhancement of 

exoskeleton design should be done [15]. 

S. Yu, et al in 2018 had proposed a different time-

variant accuracy reasoning method for numerous collapse 

modes and materialistic parameters based on the 

combination of the extreme value moment method and 

improved maximum collapsed method. The probability 

density function of responses can be obtained by the 

combining extreme value moment method and the improved 

maximum collapsed method and so the time-variant 

reliability can be predicted [16]. 

In 2018 M. De Choudhury et al, presented an 

article which helped to Bridge the gap between insights 

derived from AI approaches and real-world action would 

require combining the outcomes of the approaches with 

human feedback, interventions, and simultaneous 

human/empirical observations to provide strong validations 

of benefits. An article indicated that it would be a significant 

challenge to develop new protocols that safely translate 

insights from observational studies of AI methods/tools, to 

active experimentation involving expert feedback, and then 

to large-scale deployments involving real people [13]. 

Z. Wang et al in 2019 proposed a general 

framework and corresponding methods to deal with the 

time-dependent reliability analysis of a mechanism 

effectively. The case study with different conditions is 

provided to validate the efficiency and accuracy of the 

proposed approach [14]. 

III. LIVE SURVEY 

Robotic pollinators can advise farmers by giving more 

profitable, reliable and strong methods for implanting plants 

It aid crop production in environments not suitable for bees 

such as greenhouses, growth chambers, and in outer space. 

Robotic pollination requires a high degree of rigor and self-

determination but few systems have addressed both of these 

aspects in practice. In this paper, a fully autonomous robot is 

presented which is capable of proper pollination of 

individual small flowers [21].  

The paper “Security and Privacy in Smart Farming: 

Challenges and Opportunities” frames a multi layered 

architecture pertinent to the precision agriculture domain 

and explains the security and privacy issues in this dynamic 

and distributed cyber physical environment. Furthermore, 

the paper clarifies on potential cyber-attack scenarios and 

highlights open research challenges and future briefing. The 

paper illustrates several open challenges and research 

problems pertinent to security and privacy aspects in 

precision agriculture. The paper will simulate research to 

solve platitude of security and data privacy issues in fast 

growing and economically important smart farming sector 

[22]. 

TOI STAFF shared an article “Artificial pollinator 

aims to take sting out of bee colony loss” in 21 April 2020. 

According to an article, An Israeli tech company says it has 

developed a machine that can replicate the crop pollination 

process normally performed by bees, searching to address 

concerns over the insect’s declining numbers. Edete 

Precision Technologies says it is already operating its 

invention at an almond orchard in Tel Arad in the southern 

Negev desert region. Researchers conceive the crumple of 

bee colonies, thought to be caused by paraquat or climate 

change, among other factors, could endangered food 

production, with not enough bees available to pollinate 

plants. The machine first mechanically accumulates pollen 

grains from flowers. A tractor then pulls a pole with about a 

dozen small howitzer that fire precise doses of pollen at 

trees, fertilizing them. The distribution process is done using 

LIDAR sensors. However, the artificial pollinator is still in 

the small-scale bench test phase. They are being carried out 

in Israel, Australia and will soon be introduced in the United 

States, according to the report. The company is indenting to 

complete and start marketing its product by 2023 [26]. 
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IV. METHODOLOGY SURVEY 

A. Computational intelligence assisted design (CIAD) 

Each MAVi of the robotic swarm are controlled by the 

central control system (CCS) via wireless signal 

connections. Realtime field data, such as crop and flowers, 

are captured by cameras and other sensors (e.g. thermal 

sensors) to the CCS. The intelligent CCS generates the 

control signals. The system is designed through 

computational intelligence (CI), which is a set of nature-

inspired approaches offering a wealth of capability for 

complex problem-solving. Compared to the traditional 

optimization methods, CI does not need to reformulate the 

problem to search a non-linear or non-differentiable space. 

In order to leverage the benefits of a diverse range of CI 

approaches, the computational intelligence integrated solver 

(CIS) has been utilized in this research. 

Computational intelligence (CI) is a set of nature-

inspired approaches which offers a wealth of capability for 

complex problem solving. Compared to the traditional 

optimization methods, CI does not need to reformulate the 

problem in order to search a non-linear or non-differentiable 

space. Another advantage of the CI is its flexibility in 

formulating the fitness function which can be expressed as a 

function of the system output. This feature is particularly 

appealing if an explicit objective function is difficult to 

obtain [3] [23]. 

1) VPμGA algorithm 

Genetic algorithms (GAs) are a subset of CI inspired by 

Darwin’s theory of evolution; following the survival of the 

fittest rule, they use an evolutionary random search method. 

These algorithms have been widely studied and applied to 

many fields. The term μGA refers to a small population 

genetic algorithm with re-initialization, with a population 

size of three as sufficient to converge, regardless of the 

chromosomic length. The basic μGA involves three types of 

operators, selection, crossover and mutation, and thus it is 

an ideal research tool for many micro-economic and 

geographical applications. 

The VPμGA was proposed to facilitate the 

calculation process, utilizing a small population and a re-

initialization process along with the overall GA evolution 

process [23]. 

B. Species Identifications  

Preliminary identifications of bees were made using three 

published dichotomous keys (Mitchell 1960, 1962; 

Michener et al. 1994) and the online keys available through 

www.discoverlife. org. Further identifications and 

verifications for most species recorded, including the new 

state records, were made by comparison with voucher 

specimens at the American Museum of Natural History, 

Division of Invertebrate Zoology. Sam Droege of the USGS 

Patuxent Wildlife Research Center identified or verified 

many of the Hylaeus and Lasioglossum (Dialictus) species. 

Voucher specimens are deposited in the Albert J. Cook 

Arthropod Research Collection at Michigan State University 

[24]. 

C. Pollen Analysis 

Pollen samples were brushed from corbiculae of honey bees 

and scope of all other bees collected during timed 

observations and in pan traps, by using a fine paint brush. 

Each pollen sample was contaminated using melted basic 

fuschin gel on glass microscope slides. Pollen slides were 

examined under a 400 light microscope and the number of 

tetrad pollen grains (i.e., Vaccinium) out of 100 was 

recorded. The proportion of Vaccinium pollen was 

calculated for each sampled bee, and these values were 

averaged for each bee species from which pollen was 

collected [24]. 

D. Intelligent Plan Planning  

Intelligent path planning is one of the essential aspects of 

MPrs autonomy, and the autonomy level of the MPrs 

depends on the approaches to generating the optimal path 

planning and control the MAV. Usually, path planning is 

often seen as a global optimisation problem, in which the 

feasibility of the candidate paths subject to the mission, 

environment an MPrs' physical constraints. Finding real-

time trajectories helps MPrs to be moving in a dynamic 

environment and generating an optimal trajectory path from 

the starting position to the target flower, while satisfying all 

constraints is a challenge in both theory and practice. At 

current stage, there is no solution that can solely be used to 

solve this challenge. In the last a few years, researchers have 

been working on path planning problems and several 

approaches have been proposed, which can be basically 

divided into two categories: (1) `mathematical modelling' 

and (2) `data-driven modelling'. [25] 

V. CONCLUSION 

This paper provides new observation into autonomous 

design and manufacture and into possible ways to increase 

the production efficiency. This research would make a step 

change in smart design capabilities for MPrs in Industry 4.0, 

and help turn creative ideas into innovative products, 

services or processes timely and competitively. 

In particular, the CIAD enabled smart design 

system will help smart manufacturing achieve:  

1) Virtual product verification and rapid product 

realisation; 

2) On-demand mass customization of low-cost products; 

3) Distributed production; 

4) A digitised manufacturing value chain; 

5) Integration with product lifecycle management, 

complete from the conceptual design through to the 

product's end-of-life. 

By providing the conceptual integrated framework 

to spatial recognition and autonomous operations of MPr 

systems in the era of Industry 4.0, unmanned autonomous 

systems and self-directed, manoeuvrable and interactive 

MPrs will help us to reach where no one has gone before, an 

event potentially to space farming. 
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