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Chapter 5: Roboticsand Mobile Appsin Agriculture

Introduction

With the advancement of electronics, mechanics and data technologies, the importance of integrating
these technologies into robotics applicationemerges Thinking about benefiting from robots in
agriculture began early(230). However, robots were not easy to integrate into agricultiral and field
operations, mainly due to their large size, high cost and low return at that time. However, the
development of artificial intelligence techniques made these robots do things that no one would have
imagined that a machine would doNevertheless, robots outperformed humans in accuracy and speed.

Robots are programmable machines thatreplace human effortby doing complex series of actions
accurately and fast(231). Unlike what we used to know about robots that they are humardike giants,
robots might be just a robotic arm an automated guided vehicle (AGV), autonomous mobileobots
(AMR), or any other form that will be described later in this chapter. Robotic arms are usedfor welding,
picking, handling, or packagingVioreover, AGVs are used for delivery, moving tillage, or other
applicatiors. AMRs can manage warehouses,apply pesticides and fertilizers and perform fruit picking

Unlike robots that are standalone programmable devices, smartphone applications are just software
programs installedon smartphones that convert them to powerful took with some robotic functions.

In this chapter, we will discuss robotic techniques in agriculturein section 2, whether in the open-field
or greenhouses, before and after harvest, withboth plants and farm animals.In section 3, we will
discuss mobile applications and their uses in agriculture.

Robotic in the agriculture sector
Robotic applications of field agriculturd@nvolve cultivation robots, plant protection robots (weeds,
insects, and disease detection and removal),crop care robots (health monitoring, fertilization, and
irrigation), and harvesting robots(232).

Tillagerobotic applications

Plants need the soil to get nutrients, water, and air from within soil particles. After a cultivation season,
the soil becomes compacted and full of plants residues. Soil compaction makes the soil less able to hold
water and air that are essential for plant growth thus, we need to perform tillage Tillage is performed

in two stages; primary and secondary The primary tillage is deeper needs more power, and leaves a
coarse soil surface. On the other hand, the secondary tilage requires less power, produces finer soil
suitable for cultivation,and shallower to refine the soil particles, kill weeds, and aerate the soil.

Robotic tractors are used for secondary tillage or easy tasks of primary tillagej.e., if the soil is not too
compacted. One of the unmanned tractors is the AgXeed robot, which is powerfub mount CAT IlI
machines at the rear, and CAT Il at the front. The robotis programmed through a graphical user
interface showing maps of the field Through the map,the user can define the area to be tilled, specify
the start and endpoints, then send the instructions wirelessly to the robot, which can be activated and
managed through a wireless remote contrglas shown inFigure 36. Like most agricultural robots,
AgXeed is equipped with cameras, GPS, 3D obstacle detection, and many other tools to ensure flawless
unmanned operation.
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Figure 36. AgXeed robotwhile performing primary and secondary tillage tasks.

Planting robots

The followingagricultural operation is sowing, seeding,or planting. Planters must place seeds or
seedlings precisely at the desired distances from each other. Robotic planters helperform this task
effortlessly. Figure 37 shows different commercial models of agricultural robots doing sowing tasks
(Photos from DuckSize.com). Some of the shown models ae specialized in planting, like Raven/DOT,
Horsch/18M, and Agrointelli/Robotti, while others have some other tasks like weedingStudies showed
that such robots reduce operation time and costscomparedto conventional planter{233).
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Figure 37. Various types of robotic planterysowing robots.(Pictures from ducksize.comn)

Weedingrobotic applications
After sowing, the plant needs several operations like weeding,irrigation, fertilization, and plant
protection spraying and dusting

Weeding is the most frequent operation needed throughout the crop lifespariVeeds have an adverse
effect on crops as they competefor light, space, soil nutrients and water. They also host insects and
other pathogens causing diseases to the cropln brief, they reduce crop yield quantity and qualityTo
remove the weeds effectively, this should be dme while they are shallow-rooted, small plants.

However, they quicklysproutagainleading to the needfor repetitive removal of them. Removing the
weeds is a tediousoperation becauseit needs super attention while removing the weeds not to hurt the
growncrop whichis very near to the weeds. Recently, with the developments of computer vision with
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Al, many Agrirobots are equipped with Atdriven cameras (like Farming Revolution and FarmWise
products shown inFigure 38) that specify the exact location of the weed, then remove it without hurting
the plant.
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Figure 38. Some weedingrobots. (Pictures from ducksize.com

Plant protection robotics

To complete the plant protection loop, insects and diseases must be sprayed periodically. Despite its
importance, applying pesticides has its side effects, as it harms the crop and may leave some residues
that affect the final consumeras well. Conventionally, when we noticean insect infection or a specific
disease, we apply the insecticide or the pesticide fieldwide because we could not differentiate between
infected and healthy plants This applicationcosts a lot of money and effort. With the Al-driven robots,
the agro-bot can specify the infection zone preciselyand then it applies theappropriate amount of
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pesticide to this zone only At the same time, healthy plants remain unsprayed, which saves time,
money, and keeps the cropshealthier to consume.

Similarly, when we notice that acrop spotlacks potassium or other nutriens that can be applied by
spraying, the robot can specify the affected spot and apply the desired fertilizer directly to it without
doing the same to the wholefield. Figure 39 shows some robotic sprayers in actionEach one of them
uses different technology and design of spraying.
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Figure 39. Spraying robots in action (various sources)

Robotic irrigation assistants

Unlike the robotic sprayers that always have an attached tank that holds the chemical being sprayed,
irrigation robots rarely have one because of the largevolume of water needed for irrigation.Instead,
many of the robotic irrigators have an attached hose. Starting from lawn irrigatorsFigure40 a, b, e,
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they are robots that can be programmed tomove automaticallythrough thelawn while applying water

as programmed. These robots have location and collision sensorand wireless connectivity that allow
receiving orders and sending data about the situation of the grasi so equipped.
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Figure 40. Different concepts of irrigation robotics

While these robots are moving, some other robots are fixed or move manuallyFigure40f, g. These
robotic sprinklers are equipped with advanced sensors to perforna specific function. The first one,
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Figure40f, is a robotic sprinkler from InteliRain company. The sprinkler senses the direction and speed
of the wind; thus, it adjusts the application intensityto reduce water flow if the sprinkling direction is by
the wind direction, so it does not waste water for unnecessary overlapping dued wind. The inventors
of this robotic sprinkler say that it reduces 30% of irrigation wate(234).

The manual move robotic sprinkler,Figure 40 g, has a different concept It is a programmable robot to
adjust the angle and the intensity ofthe throw to aim to different plantsto irrigate them while itis in
the same place. For supplementary irrigation, there isa Plant Irrigation Water Sprinkler Agriculture
Robotthat is sold as a build-it-yourself kit (235), Figure40d:s,. The robot comprisesa moving base,
water tanks, and a sprinkler, which is used for supplementaryirrigation for trees. The problemwith this
robot is its small water tank. With a similar concept, the multi-function irrigation robot Aquarius is
equipped with a large water tankused to deliver water to pots, Figure 40jis..

For greenhouses, the robotic armFigure40c is connected to a hose while it moves in a greenhouselt is
equipped with a camera and sensors to see the plant conditions, then applies the required amountfo
water as calculated by the controlling computerFor a larger scale, the hanging robotFigure40i is
designed to release variable application rats depending on the fedback from soil moisture sensors and
the weather variables after calculating the desired water requirements of the crop. This system is called
CASCADE, whichsaves 7% of the irrigation water(236).

The hardest part is to deal withlarge-scale cultivation i.e., openfields irrigated using acenter-pivot
system. A recent innovation introduced a smart robotic adebn to the conventioral pivot system, Figure
40h. the developed system adds cameras and other sensors to the pivot towers. The images are
analyzed by Alcomputer to detect problems in the gowing plant such as diseases, insects, and weeds
(237). Additionally, the NIR cameras can detect the thirst degree of the plant to recommendncreasing
or decreasing the water application rate. Besides, the new system can detect any problenwith the
center-pivotitself, such as mechanical malfunction or nozzle cloging.

Harvesting robots

Mechanized harvesting of crops has developed a lot in the last decadesThe engineering efforts lead to
machines that combineseveral harvesting operationsfor many field crops For example, the wheat
combine harvestermergesreaping, threshing, gathering, and winnowingOn the other hand, thesugar
beets harvester combines lifting, cleaningand separation. All these field crops have a uniform maturity
date, and therefore, the whole field is harvested at once.

The problem iswith the crops that ripen at different times such as strawberries, tomatoes, and fruits
such as apples. If we wait to harvest all at one time, the fruits that ripened early will spoil before they
are harvested, and if we harvest them all early, we will get a large amount of the immature crop thus,
there will be significart losses. The practical solution is to continue harvesting daily, where the ripe fruits
are collected first. Thus, the crops need a continuous harvest for a longtime span. The problem with

this matter is the need for a heavy workforce trained to work, which ischallengingto obtain year after
year, and if it is found, it is costly and not sustainable.

The robotic fruit pickers solved this problemthrough selective harvesting, which appés to greenhouses,
orchards, and openfields (238). The modern robotic harvesters are equipped with vision sensors that
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detect the ripened fruit, a robotic arm that can pick the desired fruit precisely, and amobile platform to
pack the picked fruits and move them to the suitable warehouse.

Let us start with the crop that attracts the most interest to robotics makers, apple. The machineaided
harvest of apples has gone a long way in popularity among farmers and agricultural machinery
companies. Many companies have designed giant combine harvesters that need erkers to operate
them. The workers drive the machine and direct the harvesting arms to the ripeimgapples that the
worker selects with his expertise. Despite the success of these machines, they are labotintensive and
require trained laborers, which is the problem we talked about previously.

Many companies around the world have raced to manufacture robots to collect appledhat is why we
find that the technologies in these robots areconsiderally different. However, it might bea positive
difference. Each designer is keen to meetthe farming conditions andthe needs of farmers in his region
So, the resulting robot is as close to the human handn its keenness to pick up the fruits without
destroying them Additionally, the robots use advancedcomputer vision and machine learning
techniques to find the ripe fruits(maybe better than humans)and then pick them and deposit them
gentlyin their bin.

One of the attractive designs of the picking arm is the suction arm pickingr'he robot moves through the
crop lines taking pictures of the surrounding trees then, it specifies the locations of ripered applesand
then picks them with the suction arm. This robot is made by Abundant Robotic®39), Figure41.
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Figure 41. Suction harvesting robots of apples.

Unlike this single-arm picker, Figure42 shows a multiarm design that is more productive. The figure
shows that this model from FFRobotics(240) has six independent arms on each sidgeach arm has a
hand-like pickerdriven by the computer The figure showsa singlearm and twoarms in action. The
pickingarm lands the picked appleon a conveyor that moves the fruit gently to the storage bins.
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Figure42. Multiple-arm apples' harvesting robot

For tomatoes, robots have different designs as well.Figure43 shows a robot that can harvest the whole
tomato clusters, while Figure 44 shows another design that picks the fruits e by one. The robot in
Figure43 is from MetoMotion (241). They say that this robotharvests tomato clusters andperforms
other greenhouse operations for the crop like pruning, monitoring, pollination, and dkeafing. The
robot's arm ends ina rhombuslike connected rod that expand to get around the cluster, then contracts
to cutand handle it.

On the other hand, the single fruit harvesting robot, Virgo, from Root Al robotics company(242). This
robot’s arm is equipped with a threefinger picker that can precisely pick each fruitand then it makes a
360-degreerevolution to cut the fruit, then the arm retracts to place it in one of the attached bins,
Figure44.
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Figure43. Cherrytomatoes harvesting robots

The followingimportant crop is strawberry. Strawberry fruits are susceptible to mechanicallnjury, so
the harvest and packing should be as gentle as possibl€243). Strawberry is cultivated in greenhouses
and open fields. Designers have developed a robot for each domain.

Figure45 shows two strawberry harvesting robots, the first one (Figure45a) is AGROBOT Robotic
Strawberry Harvester designed to work in open fields and greenhouse$244). The robot has 24
independently operated arms that use reaitime artificial intelligence and computer vision techniques to
determine the ripen fruits using shortrange integrated color and infrared depth sensors to capture
other fruit properties. The arm grips the fruit from its stem to protect | from mechanical damage.
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Figure 44. One-by-one tomato picking robot

The second robot Figure45b) is an open field strawberry harvester fromHarvest CROO Robotics(245).
The robot performsthe picking, grading, and packagingf the fruits fully autonomous The robot has 16
independentpicking arms each arm has several claws targeted by the computer Al to pick the riperd,
healthy fruit. The claws are designed tosurround the strawberry gently, thencut the stem to move it to
the packing area. The robot is equipped with a 360 degrees camera that can grade the it size, color,
and quality, to detect whether to pack it for fresh market or send it to processing within 15 milliseconds.
Bell peppers are different from apples, tomataes, and strawberries. The main difference is that its stem

is too thick, so it is impossible to pick the fruit like apples or tomates; it needs to be cut to release the
fruit. The first robot is SWEEPER, the product of a joint project between three universities and three
corporations, funded by the European Union’s Horizon 2020 researctand innovation program
(246,247). The robot uses computer vision to identify the location of the fruitFigure4é6a. It places a six-
finger handle below the fruit, and a reciprocating cutter cuts its stem, then drops it in the collection bin.
The average picking time of one fruit is about 24s, and the manufacturers said itauld work for 20 hours
per day. Thus it can harvest about 3000 fruits a day(247).
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Figure45. Strawberry harvesting robots

Another concept of harvesting the sweet pepper is introduced byhe Harvey robot, a project fundedby
the Queensland Department of Agriculture and Fisherie$248,249). Harvey depends on advanced
computer vision that guides a suction plunger to catch the fruitfigure 46b, then cuts the stem and then
releases the fruit gently in the collection bin. The project team said that they aim to expand the scope of
the robot to harvest mangoes and other fruits. The third gripping methoshown in Figure4éc is the
robotic arm with a grip calledthe Fin-Ray gripper, which features a combined grip and cut mechanism
This robotis one of the outcomes of the EU project CROPS Clever Robots for Crops (250).
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Figure 46. Bell pepper harvesting robots
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Figure47. Cucumber harvesting robots

Like the sweet pepper, cucumber has a hard stem that is needed to be cut to pick the fruit. The
cucumber harveger, Figure47a, designed for greenhouses byWageningen UB was one of the earliest
robotic applications in agriculturen 2001 (251-253). The robot was slow comparedto modern robots
with computer vision advances Many faster robots appear later, like the Root Al robot in Figure47b
(254).

In addition to the mentionedrobotic pickers, there are harvesting robots for other crops Figure48,
some of them are still inthe early development stages but they are promisingfor a better future in
harvesting crops Each of these robots is different in design to fit the physical properies of the crop. The
asparagus robot, Figure48a, handles the sprout andthen cuts it at the bottom. The lettuce robot, Figure
48b, determines the target fruit, then picks the head while omitting the thick leave{255). The grapes
robot picker, Figure 48¢, identifies the mature cluster, then carefully grabs its root, cutsit, and then
moves it to the collection tray.

As for the citrus harvesting robot,Figure 48e:,,, we find it works differently, as it determines the
ripened fruits and thenthrows a cutting arm(like the concept of chameleon’s tongug. The fruit is cut
off, leaving it to fall to the ground, and then another machine comes to collect i256). This method is
faster in picking the fruits because it saves the time of puttingle fruits in the collection box, but it may
work for citruses, but it is not suitable for sensitive fruits such as grapes and apples.
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Figure 48. harvesting robots of miscellaneous crops
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One of the less valuablerobots is the cotton picker robot,Figure 48f, despite its high precision.The
robotic arm can pick the cotton in ax immaculate condition(free of impurities); compared to the
mechanicalcombineharvester. However, the pickingspeed and productivity are not comparableo the
mechanicalharvester(257). In general, this robotic harvesteris a good trialthat mightbe developed to
work faster to compete with the mechanicalcombine harvesteror to be merged with the latterto geta
cleaner product.

Finally, there are many other fruits that scientists try to automate their harvest to eliminate labor costs
and increase the crop quality like Durian,Figure48g, (which hasa great taste with an unpleasant smel)
and requires fast transport to markets. Although the science of agricultural robotics is still in its infancy,
it has succeeded in establishing itself among farmers, pushing for more scientific research and funding
for robotic developmentprojects thatincrease food availability and reduce wastes to provide
sustainable nutrition for humanity.

Livestock robotics

Robots in livestock farms have different roles Some of them work inside the barn and some work in the
meadows. The first robots group isthe feedingrobots, Figure49a & b. The feeding robots are machines
that take raw fodder, then they cut, weigh, mix, dose, and pushfeed up into place alongthe mangers.
Some of these operations are optional depending on the modelThe robotic feeding systems eliminate
the energy costs and prices of several separate machines for each operatiopeliminating labor to push
the fodder (258). In the figure, we show two robotic feeders with similar functions, theTriomatic WB
battery-powered robotfrom Trioliet company, Figure49a, and the ARANOM feeding rolot from
HETWIN Automation Systemg259,260). To increase the feeding efficiency, we use the robotic feed
pushers, Figure49c & d. They are self-propelled, work 24/7 to push the fodder towards the animals so
that they save labor costs, reduce fodder waste, and increasethe feeding efficiency of the farm
(258,261).

To maintaina healthy environment, thebarn waste should be cleaned. Cleaninginvolvesgetting rid of
manure andfodder litter. On most farms, there are several machinery types to do so, eithermounted to
tractors or chains. Robotic cleaners perform the task perfectly. They are of two types, robotic scrappers,
Figure49e, which scrapes the manureby a metal blade and the robotic brushes(and scrappers), Figure
49f for cleaning fodder waste, and other finer cleaning (262,263).

For open fields, herding robots are doing more han just a herding dog. The herding robgtSHRIMP,

f14g, can monitor the cattle in the open field; it takes pictures of the animals, analysis the pictures with
the readings of thermal sensors to determine thecow'’s health. Additionally, the pasture qualityis being
monitored by identifying its color, shape, and texture by Al analysis. Additionally, the robot can herd up
to 150 cows forcing them to go to specifipasture areas or return to their shed(264,265). Another
design of the farm assistant robots inFigure49h is a robot called SwagBot The robot can herd cattle,
monitor them, and monitor plants. Additionally, it can be usedn the farm to tow equipment and guide
aerial vehicles(266,267).

Finally, there are many otherrobotics applicatiors in the livestock field, like the rail-mountedstraw
blowing robots Figure49j, that prepare the cows bed to ensure the best possiblehygiene due todry
fresh beddingleading toimprovedanimal welfare(268). Additionally, the milking robots,Figure 49i,
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provide better productivity than humarguided milking systemsHowever, the robotic system has a very
high initial cost thus, it is less profitable than the conventionalmilkingsystems(269).

98



Figure 49. Sample livestock robotics
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Poultry robotics

The poultry industry issensitive. A healthy environment is vital to keep theflock alive. However, some
activities require intensive labor like collecting eggs from thdloor, monitoring chicken health, and
picking dead hens. Robotics have solvedhese problems and more(270).

Figure 50. Robotics inthe poutry industry

Figure 50a shows the PoultryBot robot from Wageningen Universitythat collects floor eggs monitors
hens' health, and measure the environmental conditions of the barr{271,272). Another robot for
keeping the barn environment healthy is theDctopus-Poultry-Safe robot, Figure 50b, later named XO
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robot (273,274). The robot marches through the barnwhile doing several tasks. The tasks include
monitoring the chicken, measuring the environmental properties, detecting wstable conditions, and
spraying disinfectants toensure animal welfare and protect disease spread.The problem of which this
robot is designedto solve is litter consolidation. The litterhardens due to the chickens excretions,
forminga severe bacteria base. The robot ventilates the litter andinhibits the fermentation process in
soil and reduces the level of ammonia in the barngdramatically, which increases animal welfare.

To monitor and enhance the environment of the chicken barnthe ChickenBoy robot,Figure 50d,
supports the monitoring tasks of the broiler. The robot is lungto a curved connected tray at the ceiling
(No contact with the hens) It scans every part of the barn while moving.The robot monitorsand reports
defective drinkers, leakages and wet spots, in addition tobirds’ health (by motion detectionand
excrements ratingto detect intestinal diseasey. Additionally, it continuously measures temperature,
relative humidity, CO2emissions, ammonia concentration,airspeed, noise level, andlight intensity
(275,276). The lamus robot, Figure 50e, measures similar environmental properties while moving on the
floor, allowing itto monitor individual birds’ vitals(277-279).

Finally, we have The Spoutnic chicken robot Figure 50¢c, which moves through the barnlike a fox. This
continuous motion prohibits the chicken from layingggs on the floor instead, they lay eggs in the
desired boxes. Additionally, therobot's movement keeps the hens more active, healthy, and productive.
The robot can be equipped with tools to aerate the litter, keeping it healthy and avoidg bacteria and
undesired gasses contamination280-282).

Miscellaneousrobotics in agriculture

In addition to the function robotics metioned before, some unique robotshelped solwe particular
problems. Figure 51a shows The Grain Weevil robot by JLI Robotics(283,284). This robot solved an old
problem of grainbins. We know that the grainsilos are unloaded fromthe bottom. The adhesion
between grains causes the upper layers to consolidate. This consolidation stops the flow of the grains.
To solve this problem,the farmers enter the silo to move the piled grain to aerate it and push it into the
exit hatches. However, several problemsoccurred due tothe suffocating atmosphere inside the silo,
which causes respiratory diseases, most notably what is known as thfkarmer’s Lung The biggest
problem is that the farmer may fall because of his weight inthe empty areas, then the crops will fall on
him, which leads to suffocation and death. The idea ofthis robot is that it does everything the farmer
used to do by movingun-piling, ventilating thegrains, and pushing them to the exit holesAt the same
time, it can get out from under the grains if they fall and continue to work in thebin.

The second category is the greenhouses robotsFigure 51b, which can inspect the plants like an epert,
moves themfrom slot to slot, applies some chemicals, anddo other activities that we discussed before.
The next categoryis in nurseries, where pots must be movedfrequently for ventilation, solarization, or
other organizational purposesThis operation requires muchlabor, and it can be solved by a set of
robots, Figure51d. Although the function of this robot was not easy for humans, causindpack pain, it is
easy for a robot to do it more frequently and under any weather conditions.

The fourth robot is the Bug Vacuum robot from AgRobagtFigure51c, which is a self-propelled bug
vacuumthat can remove insects by sucking then into the vacuum containers, hence killing the bugs
without the use of insecticides. Either to avoid the hazards of tle chemicals or because the bug is
resisting the pesticides. The robot cannavigate autonomously within thecrop rows (285,286).
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Figure 51. Other robots in agriculture
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Figure 52. Exoskeletons robotsin agriculture
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The last category of miscellaneous robotics is theexoskeletons robots Figure 52. The exoskeletons are
wearable mobile machine powered byelectric motors, pneumatics, levers, hydraulics, or a combination
of technologies that allow for limb movement with increased strength and enduranc@87). These
wearables can transfer farmers into superpowered robots whocan lift heavy weightseffortlessly, as in
Figure52a & c, where seniors and juniors carry heavy loads easily. The exoskeléons can help people do
tedious jobs without hurting their bodes, Figure 52b.

One of the best applications of the exoskeletons ifor laborers whose work requires raising their hands
for a long time, Figure 52e & f. This case applies to greenhouse technicians andfield workers working in
pruning, deleafing, and harvesting. These robotic exoskeletons avoid theevere muscle achescaused
by such types of work as they can support the hands to do work effortlessly whatever the time it takes
(288-291).

Smartphones’ applications

Smartphones are now everywhere. Whether in the developed world or developing countries, whether in
urban or rural areas. Even a person's economic situaton does not hinder him from owning a
smartphone. These phones have become accessible to everyone, despé the varying specifications and
capabilities However, they all have a camera, GPS, the ability to access the Internet, and they allow the
installation of various applications.

Smartphones came with different operating systems (OSs). Thegorimary OS typesare Android OS from
Google and iOS from Apple. Both systems contribute about 99% adfhe market share (69.71% and
29.51% respectively), other OSs that take less than 1% of the market share (Stats of February 2022,
Statcounter.com). Each OS has its applicatons’ store, where the applications are not interchangeably
compatible. This means that the developers must develop two separate versions of each application:
one for android and the other for iOS. The decision of which OS has the priority depends on theatget
users. While Android is the dominant system globally, this is not the case in th&North America and
Oceania markets (about 40% and 60% forAndroid and iO§ respectively). At the same time, in
developing countries like India, the share is 95% and 4%.

Smartphone apps have different functionsThe functions can be categorizednto the following:
Informational apps
Logistics and trading apps
Diagnosis apps
Monitoring and control apps
Measurements and calculations apps
Farm management apps.

Figure 53 shows the spectrum of mobile applicationswe will explain each category defining the types of
applications under it.
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However, since there are dozens of applications under eachtype, and because they vary according to
the operating system and even according to thaiser's country, we chose not to mention the names of
the applications and only mention their general specifications.
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Informational apps:
Informational apps are applications thatprovide useful information to the farmer. This category
includes:

weather apps that provide weather predictions and warnings, where farmers can take actions
accordingly. Specificweather apps can provide information about soil moisture conditions and
precipitation reports.

News apps They provide different information about farming environments and markets.

Information apps: They provide information about soil types and propertiesat the user’s location.
This type of app also provides information about local plant types and species, as well as
information about suitable livestock and poultry.

Regulations apps: theycontain farmingrelated regulations and rulesgenernally associated with
governmental agencies and farmers’ unions.

Catalog apps: this type is associated with producers of farm suppes, like fertilizers, machinery,
seeds, irrigation supplies, and so on. These apps replaced the conventional paper catalogs to be
cheaper, more accessible, and up to date.

Forums apps:they provide access to peer farmers and experts that can provide solutions for
farming problems either in realtime or in a short time. Many apps under this section cover many
fields, like Cattle forums, poultry forums, and forums for some specific crops.

Reference apps: under this type some appscontain all information about some farming busineses.
For example, some apps can provide all information about cattle, like their breeds, purpose of
breeding, tipsfor best management, health, and other info. Similar apps exist for crops, bees,
poultry, etc.

Educational apps:the educational apps do not just provide informatiorabout some farming
practices but provide instructiors on how to do them effectively by providing stepby-step
information, pictured tutorials, and videos

Logisticsand tradingapps

Logistics and trading apps help the farmers to manage their inventory, get their supplies on time, and to
sell their productsat a reasonable price. This category contains the following types of applications:

Trading platform apps: these are like virtual markets, where the farmers can display their products
and receive quotations. They can also purchase agricultural supplies after reviewing thernixes and
specifications of the various competitors. Apps under this type include virtual cattle market, where
farmers can bid on their livestock.

Logistics apps: in this type of app, farmers can keep track of the stock of fertilizers, pesticides,
seeds, forage, fuel, and other farming supplies. These applications save stock status and alert
farmers before they run out of items and may provide a way to order such products.
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Renting apps: Through these apps, farmers can rent some equipment, tools, or machiery. Many of
these apps are associated with rental companies.

Agricultural jobs apps: This type provide an easier way for farmers to search for laborers and for
laborers to find jobs.

Accounting apps: These applications carry out the accounting tasks ofte farms. The apps track
costs and selling prices and calculate the profits after deducting costs, rents, and other fees. Some
of these apps also calculate governmental taxes and prepare taxes forms. Other apps can calculate
the appropriate selling price br each product.

Diagnosis apps:

Modern smartphones have powerful facilities to make complex computations and access databases.
They are equipped with cameras and other sensors that can be used in diagnosing diseases and
performing other tasks dependingon cameras and Al apps. The diagnostic apps include the following:

Crops nutrients diagnosis: these apps can identificrop nutrient deficienciesthrough crop picture
(some apps may require answering some additional questions). Some apps can recommend
applying some fertilizers and suggest the required dosage.

Crops disease diagnosis: like the previous type, this type can diagnose other diseases than infect
the plant, either viral, bacterial, physiological, or caused by other pests. Some apps also suggest
using some pesticides and provithg the application quantity.

Insects’ identification apps: these apps can identify different types of insects to order the proper
insecticides.

Animals’ diseases diagnosis: these apps are Atrained to identify livestock ard poultry diseases
using the mobile camera. However, these appsare not a substitute for veterinariars.

Monitoring and Control apps:
This category include the applications associated with other loT hardware like monitoring cameras,
gates, valves, and all controllable deviceson the farm. These apps have the following types:

Farm monitoring apps: the are usually linked with cameras in the field and farm entities. Farmers
can see their farms from anywhere. They can receive alerts of intrudersand see their crop and
livestock status. Accordingly, farmers can take action through such apps by closing the gates,
opening/closing irrigation valves, or takng other actions like calling theveterinarian for a sick
animal.

Control apps: loT valves, devices, andgates can be controlled through different apps. Some devices
can be controlled through the monitoring apps, while others require separate apps.

Zoning apps: through these apps, the farmers can specify the working area of the machinery
through tillage, spraying, or harvesting. They can also specify a grazing zone for their livestock
through efencing. The zoning apps are also used to specify the path of the drones.
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Breed Management apps: these apps monitor individual livestock animals. They log their welbeing
factors through attached sensors and warn the farmerof any suspected problems. Some of the apps
are associated with calving sensos that warn the farmer if the cow is about to calf.

Drone control apps: in addition to the zoning apps, most drones comwith an integrated
management app that can specify the drone’s path and control its sensors like cameras, sprayers,
and holders.

Measurements and calculation apps
Smartphones have powerful processors that can be used for complex calculations. Several farmig
applications require simple or complex calculations. The following types are included in this category:

Crops' calculation apps: these apps provide one or more of the following calculators:

Growing Degree Days (GDD) calculator that measures the maturityf the crop based on the
daily temperature difference through the growing season.

The required amount of seeds of each crop
The mixing sequence and ratios of pesticides
Grain loss calculator
Planters and sprayers adjustments calculators
Fertilizers’ calculators
Irrigation scheduler
Soil quality calculators
Livestock calculations apps: these apps provide one or more of the following calculators:

Calculatethe Expected progeny differencesEPD) values of cattle. (EPDs are predictions of
the parent’s genetic transmitting ability to its progenyThese values are used to select the
herd's desired traits)

Calculate the feed amount per head

Calculate the herd’s supplement intake and replacement date.
Calculate calving and breeding dates.

Calculate dosagesfor medications.

Calculate animal performance measures.

Counting apps: these apps use Al to find patterns in pictureso that they can count the number of
birds in a poultry barn, the number of wood logs in a pile, and even the number of pills or seeds if
laid on a flat surface. These apps are beneficial and save muchtime; however, they might need
some calibration to improve their results.
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Management apps:

Farm management apps area mix of all the apps mentioned above However, some apps are designed

to integrate all the above irto one app. For example, some apps provide reporting and recordkeeping of
all farm practices like the water and soil qualities, amount of applied irrigation, daily crop status,
spraying logs,etc. For livestock farms, the app keeps logs of individual animals, the applied medications
if any, the physiological measures of each animal, and so on. Additionally, the managing apps can track
costs and profits and suggest methods to reduce costs and increase revenues. The managnent apps
should manage tasks scheduling and provide essential information like weather, news, and prices
variations.

Challenges andobstacles

Agricultural robots have conquered all agricultural fieldsenhancingthe performance of many
agricultural operations and making themmore accessibleand precise. However, to complete the
picture, we must cover theproblemsand challengesof robotics in agriculture.The challenges are
divided into two parts, a technical section related to the manufacture of robotand a section concerned
with the challenges ofwide adoptionof robots in the world in general and in developing countries in
particular.

Technical challenges

Technical challenges includechallenges regarding the crop and the farm, and other challenges regarding
the robot design likesensor’s efficiency and price, the safety of operation on the crop and the farm
environment, robot multitasking, operating speed robustness of the design andtroubleshooting
problems.

Farm and crop challenges

Although robots are intelligent machines, their intelligence is based onrder and organization The
weeding robots are trained to know the shape of the crop and the shapes of weeslin the area; if some
weeds are like the plant in shape, it will be hard for the robot to operate efficiently. The harvesting
robots, however, expect the bushes to be vertical, and the fruits should be neaand mostly exposed to
the robot’s cameras.

Thus, we should prepare thecrop environment to make the robot’s jobmore accessibleand successful.
For example, modifyingthe cultivation system of cucumber to be ora high-wire system, pruning and de
leafing the plants,modifying the design of the mechanized milking system, and tdrnating the melon
along the row(292). All these examples are adaptations of the existing systems to be compatible with
robots.

Additionally, we should select suitable cultivarsvith properties that are easier for the robot to deal with
them. For example, selecting cucumber with longer peduncland bellpepper with nonclustered
positioning that is easier for robot’s catchment anddifferentiating between ripen and nonripen fruits.
(292).
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Sensors’ efficiencyvs. price trade-off

As for the sensors, the most used sensors in robotsare image sensors, the accuracy of which varies
greatly and is directly proportional to the price, which makes there &trict tradeoff between accuracy
and price. Additionally, theuse of sensors for a particular spectrum of light such as nearinfrared (NIR),
whichare very useful in analyzing plant inages, raises the price. We mentionedone category of sensors,
and there are a lot in robots such as proximity, location, collision sensors and many more. Add the
motors and actuators that drive the robotic arms, wheels, etc. Accurate andreliable types raise the price
of the robot dramatically.

Operation afety

Robots are machines they are designed to perform specific tasks Each robot is equipped with the
facilities that make it perform its job without hurting the plant, not causing any trouble to théarm
enmities or workers (292). For example, the harvesting robots havecushioned handlesto protect the
fruits while picking, and they usually move the picked fruit softly to the bin to preserve its quality. The
autonomous weeding robots were designed to kill only weeds while preserving the planted crop
Sophisticated machine learning algorithmsifferentiate between the crop and other weeds. Most
moving robots are equipped with advanced collision protection sensors, like proximity sensors and
computervision-based algorithms to avoid accidents.

Multitasking

Unlike humans, robots can only do what they are designed foit. Harvesting robots cannot weed the
plants, and tillage robots cannothelp in the livestock barn. However, some robots are designed to do
several related tasks. For example, a robot monitars the livestock, herd them, and monitors the

pasture’s quality; and another robot in greenhouses, where it can harvest the fruits, deleaf the plants,
and monitor diseases and pests.The human hand can be used for picking, handling, digging, pulling, and
many more tasks. The human can betrained easily to perform any taskon the farm, using any tool.

On the other hand, robots, until now, can only do the jobs they are designed fobecause their pickers
are so specific to one or two tasks. Future development may improve the robots’ hands to be like the
human hands and enable training the robots to perform tasks other tha the design jobs. This dream
might come true using the reinforcement learning algorithms that allow the robot to learn from its
faults until it reaches perfection doing any job(293-295).

The workload is also an important factor especially for large farms. The design of theobot should differ
in large farms than for small farms. For example, single-arm robots can be effective for greenhouses or
small farms, while we need faster multiarmed robots for fruit picking for large farms. The sensors and
hardware speeds should alsovary for higher workloads. These changes, however, should not increase
the robot price too much because theadditional parts are not as expensive as the common part§296).
Using multifunctional robots can dramatically improve performance and reduce ownership cos{297).
More informationabout multifunctional robotsis in section 0.
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Speed and robustness

Regarding the speed of operation of the robot, this challenge is improving wh advances in hardware
and artificial intelligence techniques. This point is one of the most prominent drawbacks to robots
Farmers always compare them to the efficiency and speed of the humans, and the manufacturers
respond that the robot can work withou rest or holidays and under any weather conditions, as well as
many robots can work during the day and night. However, these advantages do not come smoothly. In
fact, a robot, like any machine, can break down and need to be repaired, reprogrammedyeset and
cooled from time to time and its batteries need to be charged(298). Hence, it is essential to consider
speed, ease of use, and low maintenance needs as factors that encourage farmers to acquire robots in
their farms (296).

Imaging efficiency

Most robots rely on cameras to view their target and their surroundings. However, cameras take twe
dimensional photos(2D), while the robot acts three-dimensional (3D). For example, the harvesting
robots take pictures of the plants and the fruits,and then they identify the ripened fruit's location and
size to sendtheir claws to grab it. The 2D picture is not sufficient to determine the precise information,
so the robots tend to take several photos from different angles to build th&D network in memory, then
specify the exact properties. Additionally, the agricultural environment is dynamic and has high
variability. Thus, the visibility model should be well trained and subject to frequent evaluations to
improve it if necessary.

Nevertheless, the illumination affects the accuracyof the pictures. Thus it should be taken into account
while training the different illumination levels, whether the robot will operate in day or nights, natural
or artificial light (299). The imaging efficiency issues also apply to all vision applications, like monitoring
herding, anddiagnosis.

Challenges for wide adoption of robots

Robots can make farmers’ life more accessibleand their job more profitable However, the wide
adoption of robots ishindered by some obstacles. In the following sections, we will cover most of these
obstacles.

Economics andCosts

Robots are expensive initial and operating costs are high(298,300). To urge farmers to invest in robots,
they must feel that the robotic systems will save them moneyAccording toseveral investigators
(296,300), saving money involvesthat the robots should

Increase the farm productivity in quantity and quality.
Decrease variability and uncertainty of the production.
Reduce labor costs.

Protect laborers from injuries and harsh working conditions.

Reducing the costs of ownership can be dne by several methods
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Using multifunctional robotscan reduce costs of ownership. Al robots have the main
microprocessors, batteries, and sensors, but they differ in software, and some terminals, like the
clipping arm of harvesting robots. In the futureit is expected that harvesting robots willhave
changeable arms to suit all picked fruits instead of one crop onlyHence, we can combinerobots
with near functions to be one robot with multitasks; for example, we expect to see a robotthat can
do tillage, weeding, planting, spraying, and monitoringnd another robot for de-leafing,
harvesting, sorting and packind297).

Governmental financial supportcan also reduce ownership costs. Governments carsubsidiz
farmers to acquire robots by reducing taxes and customs duties, or by buyinghe robots and then
renting them tothe farms.

Laborers and social problems

Agriculture is a laborintensive industry. Due to the usage of technology and machinery, more labers
are needed in developing countries than in developed countrie@00). Losing jobs is one of the worst
side-effects of using advanced technologies like robots. On the other hand, robotics can generate new
jobs for maintenance and repair, training, and selling. However, robotsperformanceis still less than
human performance,and they need human supervision in most cases. In many cases, we need
collaboration between robots and humans in some fields like harvest, so that robots perform most of
the harvest work, while humans complete the rest that is “stil” hard for robots to do (292). The most
acceptable part for roboticsis when robots replace humans in hazardous operations like spraying
pesticides or going into the grain silos, adiscussed in sections0 and 0.

Knowledgeablehumanresources

Robots need skilled professionals to design, operate, and maintain. Lack oé trained workforce is one of
the problemslimiting the widespreadrobotics in agriculture. To overcome this problemwe must
investigate localstaffing to add specialized educational programs in the universities andrganiz
training programs for talented agricultural engineers and computer scientists to enter this field
(298,301).

Standardsand cooperation

While preparing this report, | found several pages that claim “the first robot in the world that harvest
..." The surprising thingis that the publishing dates of each claim are years apart, not days! This
confusionreflects the problem of lackingcoordinationbetween robot designers.

On some publishedsuccess stories, | found evidence ofa lack of coordination and cooperationThe
designerssaid that a farmer came to them, explaired their problem, and asked the robotic designer to
solveit by inventing a robot,which they did for him. However, others are doing the same elsewhere
without common standards that each designer should fodiw. This lack of coordinationwastes time,
effort, and money of the designers and make the final product more expensive and less affordable.
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If we have agricultural robotics standards, we will savetime, effort, and money. This standardization
process is discussed in some posts(302-304) by the Global Organization for Agricultural Roboticand
other researchers. However, it is still under developmentand needs cooperation fromworldwide.

Standardization should include the training and test conditions of the robot to cover the conditions
worldwide, not only a specific farm. These conditionsinvolve nonuniform soil surfaces, different
textures, several illumination and weather conditionsand so on (297).

Legal issues

Although robots arehelpful machines, they can ke extremely dangerousif gone out of control. As an
always-connected device,the robot can be hacked and reprogrammed to perform undesired actions.
Additionally, they can disclose their data to undesired paries. This issue raises some questions; who is
responsiblefor this? The owner, the operator, or the manufacturer? What if the robot had an accident?
Who owns the data it generates? What if a robot destroys the crop, who will pay for that? What is the
insurance companies’liability in such cases?

All these issues must be addressed and clarified by governments and policymakers to ensurthe
flawless spread of robots in the agriculture communitiesMore about the ethical and legal challengesf
robots can be read at Ebers(305).
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