Qb
iy
%
= AGRI MAGAZINE
o
iﬁ%}o (International E-Magazine for Agricultural Articles)
@;;;%o Volume: 03, Issue: 04 (April, 2026)
% Available online at http://www.agrimagazine.in
O%?%}O D ablish with Pride. & ©Agri Magazine, ISSN: 3048-8656
b
i Use of Robotics in Fruit Harvesting: The Future of
Que?
e Orchard Management
0 “Pujarani Rath', Dr. Himanshu Mishra®, Naval Kishore Meena®,
@?g%}o Ashish Kumar® and Pankaj*
. 'Ph.D. Scholar, Department of Fruit Science and Horticulture Technology, College of
@%E%o Agriculture, OUAT, Bhubaneswar, Odisha, India
iﬁ ?Teaching Associate, Dept. of Horticulture, College of Agriculture Gola, Lakhimpur
022550 Kheri, Uttar Pradesh, CSA University of Agriculture and Technology, Kanpur, India
&% 3Ph.D. Scholar, Department of Horticulture (Fruit Science), Rajasthan College of
@%@ Agriculture, MPUAT, Udaipur-313001, Rajasthan
& *Student, CCSHAU, College of Agriculture, Bawal, India
Og%g@ “Corresponding Author’s email: pujaranirath554@gmail.com
&%
&%@550 ruit harvesting has traditionally depended on
&% manual labor, seasonal workers, and human
& expertise. However, increasing labor shortages, rising
éﬁ%}o wages, climate uncertainty, and demand for high-quality
e fruits are pushing agriculture toward automation. Today,
288" robotics is transforming orchards into intelligent,
8 automated production systems where machines can
265 identify, pick, and handle fruits with high precision.
9.9 Robotic harvesting is no longer experimental it is
%ﬁ%’?@ becoming a core technology of modern orchard
%0 management.
o250

&% What is Robotics in Fruit Harvesting
&%gg Robotic fruit harvesting refers to the use of Al-powered machines and robotic arms designed
' toautomate the process of fruit collection in orchards. These systems are capable of detecting

@%%{g ripe fruits through computer vision, navigating orchard rows autonomously, picking fruits
@i%}o gently using soft robotic grippers, and transporting as well as sorting the harvested produce
% efficiently. They integrate multiple advanced technologies, including artificial intelligence for

ﬁg%gﬁ decision-making, machine vision for fruit identification, deep learning for improving
9eh recognition accuracy over time,

@-@Q& . .
iy and  autonomous  navigation

98 systems for movement within

03%%’@ orchard environments. Research

indicates that such robotic

020 harvesting systems are being

E developed to reduce fruit damage

%E%@ during picking, enhance

harvesting speed, and improve

overall operational efficiency in

& commercial ~ fruit  production
8, systems.
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Why Robotics is Needed in Orchards S8
Modern orchards face serious challenges: 035%“
e Labor shortages %g?@
» High harvesting cost i
o Seasonal workforce dependency Q0

]
or

Fruit damage during manual picking

Studies show that up to 10-15% of fruit is damaged during manual harvesting due to handling Y
issues. Robotics helps solve these problems by enabling gentle, precise, and continuous Ogﬁgﬁ
harvesting. Qo0

bo ol
(o2 g;w
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Core Technologies in Fruit Harvesting Robotics
Robotic systems rely on advanced technologies: S5
Artificial Intelligence (Al) %
o Decision-making for fruit selection %;Ef,.@
e Ripeness detection %

.......

Computer Vision
o ldentifies fruit location

« Distinguishes ripe vs unripe fruits
Robotic Manipulators &
o Soft grippers for delicate picking %g?_@
« Multi-arm harvesting systems "5
Navigation Systems Qo
« GPS and orchard mapping iy
e Autonomous movement between rows )
How Robotic Fruit Harvesting Works &%
The harvesting process in robotic fruit picking involves a sequence of automated steps @%ﬁ
designed for precision and efficiency. First, the system scans the orchard using advanced Mk
cameras to capture detailed visual data of the trees and fruits. Next, artificial intelligence &%afo
algorithms analyze the images to detect and identify ripe fruits based on color, size, and s
maturity levels. After detection, the system calculates the optimal grasping position to ensure @%fp
safe and effective picking without damaging the fruit or plant. A robotic arm then moves 5%
precisely toward the target fruit and gently picks it using specialized soft grippers. Once Er
harvested, the fruit is carefully stored in collection bins for further handling. Advanced C?%i%;@
robotic systems enhance this workflow with real-time Al decision-making, allowing each %
step to be completed within milliseconds, thereby improving speed, accuracy, and overall %eg@
harvesting efficiency. Qo
35
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Types of Orchard Robots

1. Ground-Based Harvesting Robots
Move between tree rows
Use robotic arms for picking

. Robotic Platforms
Elevated systems for workers + robots
Increase picking efficiency

. Aerial Robots (Drones)
Monitor fruit maturity

o Guide harvesting operations

e e PO O o

w

Applications in Major Fruit Crops
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Robotic harvesting technology is currently being developed and tested for a wide range of
fruit crops, including apples, oranges, strawberries, peaches, and cherries. These crops
represent both tree fruits and soft fruits, each requiring different levels of precision and
handling. Among them, soft fruits such as strawberries and cherries are more challenging to
harvest because of their high fragility, small size, and irregular shapes, which increase the
risk of damage during picking. However, ongoing advancements in artificial intelligence,
machine vision, and soft robotic grippers are significantly improving the ability of these
systems to handle delicate fruits. As a result, robotic harvesting is becoming increasingly
efficient and reliable for both sturdy and highly sensitive fruit types.

Benefits of Robotics in Fruit Harvesting
1. Reduced Labor Dependency

Machines can work 24/7.

2. Higher Efficiency

Faster harvesting with consistent quality.

3. Reduced Fruit Damage

Soft robotic grippers prevent bruising.

4. Cost Reduction

Long-term reduction in labor and operational costs.
5. Precision Harvesting

Only ripe fruits are picked.
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Challenges in Robotic Orchard Management
Despite progress, challenges remain:

o High initial investment cost

« Difficulty in handling complex tree structures

e Weather impact on sensors

o Limited adaptability to different fruit shapes

e Technology maintenance requirements

Recent Innovations in Orchard Robotics
Recent developments include:

e Multi-arm harvesting robots

Al-based ripeness detection systems

Soft pneumatic grippers

Human-robot collaborative harvesting systems
Autonomous orchard navigation platforms

New robots can achieve 70-85% harvesting success rates in field conditions.

Future of Robotic Fruit Harvesting

The future orchard will be:

o Fully automated orchards

Al-controlled harvesting cycles

Drone-assisted fruit mapping

e Swarm robotics (multiple robots working together)
e Zero manual harvesting systems

Companies and research institutes are already testing commercial orchard robots for apples,

almonds, and berries.

Conclusion

Robotics is transforming fruit harvesting from a labor-intensive activity into a highly
efficient, Al-driven agricultural system. By integrating advanced technologies such as
artificial intelligence, machine vision, and autonomous robotics, modern harvesting systems
significantly enhance farm operations. This transformation leads to improvements in
productivity through faster and more continuous harvesting, better fruit quality due to
reduced human handling damage, increased sustainability through optimized resource use,
and improved overall resource efficiency in orchard management. Although challenges such
as high initial costs, technical limitations, and crop variability still exist, ongoing research and
innovation are steadily overcoming these barriers. The future of fruit production is therefore
moving toward fully automated smart orchards, where robots handle most physical tasks

while humans focus on monitoring, management, and decision-making.
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