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ABSTRACT Due to substantial increases in both areas (approximately 4000 acres) and 
yields, the Ontario green asparagus industry has undergone fourfold growth in consumer 
production (16 million lbs) over the past decade. With rising acres of farmland more and 
more laborers are required. Since 2007, the minimum wage soared from $8/h to over 
$14/h in Ontario, and the agricultural labour deficit is estimated to be 123,000 individuals 
in Canada according to one latest market report. The Canadian asparagus industry is also 
challenged by intensified competition from foreign markets like Mexico and Peru. 
Moreover, the outbreak of COVID19 pandemic has worsen the labour shortage due to 
restrict seasonal worker visas and quarantine requirements, which leads to over 50% 
asparagus unharvested and premature in 2020. The aim of this study is to examine 
existing mechanical asparagus solutions regarding design configurations, harvest speed, 
and major drawbacks. Some critical challenges and potential future improvements faced 
with mechanical harvester solutions are also discussed in the end.  

Keywords: Mechanical harvesters, asparagus, comparative analysis, automation.  

INTRODUCTION Food shortage and food safety is becoming one of the biggest challenges 
with the rapid increase of world population (United Nation, 2017) In contrast with this 
trend, the agriculture sector indeed is faced with severe labor shortage in Canada (“RBC: 
Farmers 4.0,” 2019). The increased minimum salary for seasonal offshore workers and the 
decreased attraction of agriculture jobs to the youth generation has endangered the 
Canadian horticulture industry. The consumption of fresh asparagus had been steadily 
increased over the last decade in Canada. Asparagus arrivals in 2019 amounted to 
approximately 23,420 metric tonnes in Canada, up from approximately 24,020 metric 
tonnes in the previous years. However, the effects of labour shortage on asparagus 
farming where labor harvest cost typically accounts for 50% of total revenue(United 
Nation, 2017), are particularly significant. The outbreak of Covid19 pandemic further 
increases the burden on manual harvest due to entry barriers of offshore seasonal 
workers and strict quarantine requirements. To secure the production of asparagus and 
increase the competency of Ontario asparagus product in the global market, 
mechanization of harvesting has become one viable solution. Given a large variety of 
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traditional mechanical solutions worldwide and recent autonomous harvest systems, a 
close look at these options is essential to provide guidance on harvester model selection 
in Ontario context. This survey paper will specifically investigate all the existing 
mechanical harvesters including commercial ones and lab prototypes regarding their 
design configurations, performance, and cost.  

This paper is structured as follows. The background information regarding the asparagus 
planting methods, challenges in manual harvest, asparagus industry in Canada/Ontario, 
and impacts of labour shortage will be elaborated. Following which, the major 
classifications of asparagus harvest methods are discussed. Design configurations 
regarding major components in an automated harvester are summarized. Lastly, major 
challenges in current harvester solutions are discussed.  

SYNOPSIS OF ASPARAGUS  

Planting of asparagus Asparagus is primarily a food crop consumed exclusively in the form 
of its very young, thickened shoots, known as spears. Three different colors of asparagus 
are available: green, white, and purple.  It is a high-value, labor-intensive perennial 
vegetable, which is an early-season crop, when paired with other crops, lends itself well 
to small-scale and part-time farming operations as well as direct-to-consumer 
supermarket marketers. There are two ways by which one can plant asparagus one by 
seed and by planting roots shown in Figure 1. Compared to seed planting, straight bare-
root crowns planting into the field is much simpler (West Coast Seeds, 2019). White 
asparagus is grown underground, while green asparagus is grown above ground. White 
asparagus spears are completely covered with a thick mound of dirt or black plastic as 
they grow, ensuring that they are never exposed to sunlight. On the other side, green 
asparagus is exposed to sunlight. Growers let the spears poke freely out of the soil, where 
they produce chlorophyll and turn green. 

Asparagus will need 3-5 years to mature before economical harvest can be performed. 
The harvest season in Ontario normally begins in early May and ends in June.  The short 
harvest window requires fast response during the harvest season.  

 

Figure 1 Asparagus from seed to harvested spears. (a) seeds primarily sown in water for 
germination. (b) two-three-year-old asparagus crown. (c) Growing of white (d) Growig of 
green asparagus (e)&(f) harvested asparagus. 
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Challenges in manual harvesting In current practices, manual picking of asparagus is 
dominant worldwide. However, this way is faced with several challenges.  

Seasonal harvesting and dependence on weather Asparagus is usually harvested in the 
spring season, with an extremely short harvesting window of only 6 to 8 weeks; in Canada, 
that period is from May to June. Asparagus is harvested on a warm day when the ground 
temperature reaches more than 25℃. In ideal temperature, it grows 6 inches in a day 
(24hrs). 

With only 6 to 8 weeks to harvest, and with uncertain extended cold weather, farmers 
find it difficult to manage and execute the harvesting of asparagus. And top of that with 
its faster growth rate, any delay in execution can affect the farmers yield as standard size 
i.e., 8 to 10 inches of asparagus is only picked, anything above that makes the asparagus 
tough and woody. Thus, farmers of asparagus must race against time efficiently to get 
their desired yield (Ferdzy, 2013). 

Labour shortage and lack of skilled workforce Asparagus harvesting requires plenty of 
manpower. Taking an acre for example, approximately 10,000 plants are needed to be 
harvested, which requires more manual laborers to pick in extremely short harvesting 
time. It is difficult to hire locally since its inconsistency and hard nature of work. And with 
the shrinking rural population, it is difficult to find people interested in farming. Thus, to 
fill this gap, seasonal offshore laborers are being hired. With the huge dependence of 
migrant laborers, farmers face challenges like costs, inconsistency, labour turnover, 
labour policies, etc. Minimum wages have increased in Ontario from $8 to $14 in the past 
decade. Longer-term consequences may be accomplished by automation, productivity 
gain or workforce engagement, but the signs are unclear(Brouillette, 2017). To have an 
insight into agriculture and its future one must have a solid agriculture background and 
must be digital and technical savvy.  

Impacts of Covid-19 pandemic Due to the outbreak of Covid-19, the world comes to 
standstill and social life shuts down across the globe. With the lockdown anticipated to 
extend for more time, various concerns rising over the food supply. The agriculture sector 
also needs to follow social distancing and safety precautions while handling farm 
machines and labor in the field and the widespread loss of jobs due to the pandemic, the 
other challenge is the uneven labor market in Canada that would have seen a widening 
of disparities after Covid-19 struck. There is a huge disruption in the labor markets as 
countries have imposed travel restrictions to slow down the spread of the virus. Restrict 
seasonal worker visas and quarantine requirements, which leads to over 50% asparagus 
unharvested and premature in 2020., which means a loss of over 10 million gate values.  

If we look at the positive side of the lockdown and the opportunities that might arise post-
Covid-19, some changes can uplift the agriculture sector. According to the latest report 
(“RBC: Farmer 4.0,” 2019), farms will be operated by autonomous machines, digital 
logistics, data analysis, and engineers from Computer, IT, and Mechatronics will play a 
major role by 2030. The report also proposed, by narrowing the agricultural labor gap and 
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accelerating investment in technology, Canada could raise $11 billion in annual GDP by 
2030. This will raise the GDP of agriculture to $51 billion, making it higher than combined 
vehicle assembly and aeronautics(“RBC:Farmer 4.0,” 2019). With all its shortcomings, 
Covid-19 may create new opportunities in the agriculture sector and because of lockdown 
citizens will be impelled to minimize dependence on neighboring countries or states, 
ensuing in a paradigm budge towards the agriculture and farming sector(“UoG 
Webinar:The Future of Ag Tech and Labour,” 2020).  

CLASSIFICATION OF ASPARAGUS HARVESTER Numerous efforts of mechanizing the 
asparagus harvest process have been reported over the past century dating back to 
1900s. These harvest solutions have progressively moved from hand harvesting with aids 
(noted as aids in the following) to non-selective and selective mechanical harvesters. 

Hand harvest Traditionally, asparagus is harvested by the workers walking through the 
rows looking for the spears with height and width and used their asparagus knives to 
harvest the spears underneath the soil line. The harvested spears are bunched cut for a 
second time to make them more uniform and placed into the harvesting container. The 
harvested asparagus are then placed into the bins and then transported by a picking. 
Similarly, white asparagus are harvested with hand tools, walking across the beds of white 
asparagus slowly. The pronged hand tools enter the saft and snap it from the roots and 
then the mud is tossed (“Modern Farmers Media,” 2014).  

Hand harvest supported by harvesting aids The introduction of aids helps to provide 
ergonomic comfort to the hand labour as near to the ground as feasible; meanwhile, it 
improves the harvesting speed by potentially covering up to 3 rows of asparagus 
simultaneously. From 2015 the fields of Canada, Ontario fields are harvested by one man 
cart - The Mantis (shown in Figure 2c) developed by Bartel and Sandy shore Farm(“Sandy 
Shore Farms,” 2015). The design is to help the labour to reach as closer to the ground as 
possible to improve the harvesting speed. A similar model - AspergeSpin A1 is built by a 
Netherlands company Engels Machine to harvest white asparagus as shown in Figure 4d 
(“Aspergespin”). AspergeSpin is electrically assisted aiding staff for one row or two rows.   

Non-selective harvester Non-selective harvesters first appeared in 1960s . This type of 
harvester cuts all spears off the ground, uplifts the cut asparagus, and deposits them onto 
a grooved conveyer for final collection. The U.C. harvester(shown in Figure 2e), a self-
propelled unit designed on a modified small tractor in 1956 is a non-selective harvester 
was tested in 1957 and 1958. Non-selective harvesters are blamed for their poor recovery 
rate, damaging emerging spears and combining spears, weeds, and other debris(“A.A. 
Kader,” 2002). For nonselective harvesters to be commercially successful, there will be a 
need of niche fresh market for short asparagus or a new asparagus variety with uniform 
maturity. Recent progress in non-selective harvester is very limited including RGA (Model 
Name) from Kirpy(“Krimp:RGA - Asparagus Harvester,”) and Lindhout from Brabantse Wal 
(“FreshPlaza: News,”2018 ) 

Selective harvester The first commercially available selective mechanical harvester was 
reported as Hart Carter Model 39 in 1967 (see Figure 2f)(R. A. Kepner et al. , 1966). 
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Restricted by the sensing technology, the selective harvesting was realized by a height-
adjustable mechanical system with 11 selection channels that each was comprised of a 
height bar and a spring-activated cutter. Between pickup belts that carry the spears 
during cutting, spears tall enough to be picked are grasped and then raised and lowered 
onto an inclined draper belt. The asparagus is released into a pallet bin on the back of the 
system in a commercial process. Various selective harvesters have been reported ever 
since and more details are discussed in the next section.  

 

Figure2 a) Ontario farmers handpicking asparagus b) white asparagus harvested in 
Europe c) Mantis (2015) d) AspergeSpin e) U.C harvester 1956 f) Hart-Carter.  

RECENT PROGRESS IN SELECTIVE HARVSTERS Due to the advances in sensing technology, 
control system, computing power, and artificial intelligence, selective harvesters have 
seen significant progress. This includes commercial harvesters with limited human 
assistance and fully automated robotic solutions.  

Commercial harvesters This section summarizes the commercialized mechanical 
harvesters for both green and white asparagus. The popular models are shown in Figure3.  
The Geiger-Lund’s new model - Picket 1.0 (Figure 3 a)can harvest 24 hours a day with 
estimated harvesting speed approx. 2mph and estimated yield of over 70% of manual 
picking(“Geiger-Lund,” 2017). Another popular model – Haws (Figure 3 b) invented in 
1996 shook the market as it used to work twice as much work in an hour as a farmer can 
do in 8 hours(“Haws Harvester,”) . The harvester has a photoelectric sensor with a 
particular length of mature spears. The cycloidal mechanism is related to the machine’s 
ground speed so that a very low area with a limited effect on neighboring spears can be 
cut.  

As for white asparagus harvesters, the working mechanism is quite different. In 2019, 
during the short season, the Dutch company name Ceresco launched two- and three-
row tractor-operated models to harvest 35 to 50 hectares (85 to 125 acres) of 
asparagus. They used a qualitative research method (injection detection system) is used 
for detection This autonomous Ceresco’s Sparter single-row harvester has entered the 
two- and three-row tractor-powered models with the promise of slashing costs by 70% 
relative to hand-cutting models(“Cerescon Innovation in Harvesting,”).   
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Figure 3 a) selective harvester (Geiger-law system,USA) b) Haws system c) Dutch company 
(Cerescon, 2019) 

Some general characteristics of these commercial asparagus harvesters are summarized 
in Table 1. The fastest green asparagus harvester machines on the market are Haw's 
harvesters, which use a unique cutting technique. Harvest rates increase as the speed 
increases, for example, 4 acres per hour with a bed size of 144 inches. The gripping 
mechanism, on the other hand, snaps the asparagus from the ground. It will cut the 
asparagus at the weakest or the vulnerable spot. It would most likely lose 3 inches of the 
spear from the bottom, which carries the bulk of the water and weight. The second major 
drawback is it requires addition sorting mechanism to align the spears and bunch them. 
The most promising harvester till date for the green asparagus harvester is the Geiger 
lund system. The machine harvest rate is 1.2 ac/hour with a bed size of 48 inches. 
According to previous economic research, a three-row Geiger Lund harvester must 
recover 70% of hand-harvested yield to be viable, while a four-row harvester must 
recover 65 percent. But the machine fails to effectively cut the spears which are in cluster. 
Moreover, the collateral damage is slightly high. 

Table 1 summary of basic characteristics of commercial selective asparagus harvesters 

 
Cerescon Geiger Law Haws 

Asparagus type White Green Green 

Cost € 600,000 $99,000 $250,000 

Control Semi-Automatic Tractor Tailed Man Driven 

Quality of Asparagus Good Excellent Poor 

# of hand pickers (equivalent) 25 10 12 to 20 

Harvest Rate  3400 Spears/hour  1.2 ac/hour 
(60-inch beds) 

4 ac/hour 
(144-inch beds) 

Limitations Large overhead turn Poor detection 
if the spears 
are in cluster 

Over 25% profitable 
weight loss 

Autonomous asparagus harvesters Due to the advancement in the control system and 
modern data -acquisition system have brought new opportunities to selective/intelligent 
solution for harvesting crop (“Cerescon”). Different from the traditional trailer or tractor 
formatted selective harvesters, autonomous asparagus harvesters show advantages of 
minimum human resources, flexible working hours (up to 24 hours), and better sorting 
asparagus capability; meanwhile, these automated solutions are also faced with several 
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challenges such as low harvest speed, maintenance cost, and harsh environment in the 
open field. In general, an asparagus harvest robot consists of three main units: recognition 
system, picking system (end-effectors), and moving system. The recognition system is to 
identify the asparagus spear, measure the height, and confirm the position. The second 
unit is a picking system in which grabbing and cutting operations are carried out. The third 
unit is a moving system in which the robots are programmed to move in the open farms, 
furrows, or greenhouses (Bachche, 2015).  
 
End-effector design. The direct contact form strategy employing pneumatic, hydraulic, and 
electrical methods is often efficient for crop harvesting robots, as there is less crop 
damage. Several grasp theories and stability analysis (Daoud et al., 2012; Morales & Sanz, 
2006) were proposed to minimize the mechanical damage to the crop during extraction 
by considering the curvature of both the fingers. The end-effectors are the part of the 
collection system. Once the system recognizes the asparagus, it is equally important to 
make a proper cut to harvest the fruit, so the roots does not get destroyed. A pneumatic 
gripper for asparagus set, with fine force feedback and a fuzzy controller(Mattiazzo et al., 
1995). The gripper showed excellent performance on the different types of stalk in terms 
of the diameter during the test. Based on that findings in(Chatzimichali et al., 2009) ,  they 
proposed a model for harvesting white asparagus. In literature (Leu et al., 2017), claw 
design and the gripping material used allow the transmission of the evolving forces during 
harvesting, even under various conditions such as the diameter of the asparagus stalk and 
the conditions of friction, without damaging the spears. A harvesting mechanism top and 
side view is showing in figure 10 b). Each tool's mechanics are divided into two actuation 
mechanics: a lateral axis for transverse dam adjustment and a harvesting axis for motion 
in the asparagus growing direction (along the z-axis), as seen in figure 10c).  
 

 

Figure 4 a) Cutting mechanism & gripper  b) Lower part of active harvester for GARotics 
system c) harvesting mechanism top & side view. 

Moving system design. A nonlinear controller using the integrator backstopping method 
for the row guidance system for asparagus harvester is suggested in literature (Dong et 
al., 2011). Analytical expressions between the tracking error and the nonlinear controller 
parameters are derived. A detailed simulation model capable of capturing the prototype's 
kinematics is then built and used to evaluate the tracking performance of the control 
regime developed. The nonlinear control law, which was analytically derived based on a 
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Lyapunov control function, stabilized the controlled system's trajectory tracking 
regulation. By tuning the two drive motors at the same time, the tracking error was 
effectively removed. The measuring noise of the ultrasonic sensors and the variance of 
the reference crop row were also considered in the simulation studies to simulate the 
actual situations.  
Recognition system design. It consists of sensor technology and algorithm of recognition 
of crop with limited travel space and recommends the best suitable travel path for the 
automated robotic vehicle. Therefore, the main tasks for the recognition system design 
include sensor selection, image processing, and travel path optimization. A typical vision 
system setup for asparagus robot is shown in Figure 5 a). For the detection of asparagus 
tips, the robot's vision system integrates two cameras (one in the robotic body and the 
other in the cutting frame). The spot is detected once a spear is found by camera A and 
the robot approaches and gets ready for the selection. The collection head is placed, and 
the air spray is used to remove dust, Camera B picks up a frame and the tip of the 
asparagus is correctly identified, and the gripper collected. Authors (Seyfried & Schoebel, 
2016)described another approach for the identification of the profile of asparagus plants 
by means of ground penetrating radar. The method of building an asparagus test bed and 
the experimental configuration of the proposed radar system (Figure 5 b)), comprising 
pulsed radar and continuous-wave radar electronics with stepped-frequency, and loaded 
bowtie antennas. Using Phase Congruency, a technique for automatically identifying the 
corresponding reflection patterns is demonstrated.  
  

 
Figure 5 a) Harvester test in green house b) Radar detection system for asparagus 
detection           
 
To improve the spear detection accuracy and speed, various image processing techniques 
have been reported in literature. A detailed comparative analysis was carried by applying 
two different methodology that is the Double-DQN (Deep Reinforcement learning) 
method and widely used Pure Pursuit Control (PPC) method. The Double-DQN method is 
a highly improved decision model based which uses deep reinforcement learning method 
that examined all the possible actions at state based on performance index and picked the 
best potential output for the network. The rover was trained by creating a simulated 
virtual environment(Zhang et al., 2019). In literature (Peebles et al., 2019), the authors 
suggest a comparative study between Faster RCNN and Single Shot Multibox Detector 
(SSMD) trained on a dataset collected during field trials by harvesters in California. The 
study gives an idea for selecting an optimal network architecture for Asparagus Detection. 
When FRCNN is trained as single it gives the highest performance by having 38% higher 
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F1 score (F1 Score is the weighted average of Precision and Recall) than other networks 
and gives more precision. With appropriate parameters FRCNN proved to be more 
effective.  
 
Prototypes of asparagus harvest robotic systems. Beyond the progress of technical 
subsystems like recognition system and end-effectors, integrated lab prototypes have 
also been reported. A robotic harvester – Inaho, for green asparagus in greenhouse is 
already underway in Japan. The robot is built upon a tracked vehicle being only 1.25-
meter-long and 39-centimeter-high with an overall weight of 65 kg. It has an infra-red 
detection device and uses a combination cutter and gripper manipulator arm to move 
individual spears to a basket (figure 6a). Via a mobile app that is also used to set harvesting 
parameters, the robot signals when the basket is complete, and the vehicles switch 
between greenhouses following white marker lines (“Inaho | STARTUP Company,”). 

The University of Waikato’s of New Zealand created a harvester which works via vision 
system that detects the asparagus spears and then the system computes their 
corresponding base location. The robotic arms goes to that location at the calculated time 
and cuts the asparagus. The prototype field trials were carried out in fields of California. 
They have collaborate with number of partners including RoboticsPlus, Arborgen, 
tendertips and Beyds.(University of Wakiato, 2019)In literature (Chatzimichali et al., 
2009), the authors propose an advanced robotic device capable of travelling around the 
field, locating, and harvesting white asparagus stems without damaging them. For every 
module of the harvester, they highlight the design decisions and outline the system's 
overall architecture. In contrast to the suggested method in (BousseAC, 1984), the author 
presented a proposal for a completely different method of asparagus identification. The 
robot 's vision system contains two cameras. The first camera is in the robotic body and 
the other one is in the cutting frame for the identification of tips on asparagus by using 
colour detection algorithm. The 3-D vision sensor determines the asparagus cross-section 
and calculates the target asparagus. The asparagus is grasped by the robotic arm and the 
stem is removed. IEEE1394 and RS232C were used for contact between a personal 
computer and a 3-D vision sensor(Irie et al., 2009). 

 

Figure 6 a) Inaho Tech harvester bot b) tractor trailer formatted aspragus harvester 
robot in open field (University of Waikato (2019), Newzealand) c)AvL Motion Sective 
white asparagus harvester 
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A computer for the fully autonomous selective harvesting of white asparagus has been 
placed on the market by the Dutch start-up AvL Motion. The company came across the 
IO-Link compatible RU40U from Truck in its quest for an ultrasonic sensor for height 
monitoring. For the identification of harvesting devices, AvL also uses the TN-Q14 RFID 
read/write head, while the TBEN-S2-4IOL lightweight I/O module transfers IO-Link signals 
to the PLC (TURCK).  

DISCUSSION  Ontario asparagus farms have increased to about 1,380 hectares from 280 
hectares in the past 4 years. Coupled with the impacts of Covid19, the shortage of farming 
workforce is becoming severe. Mechanical asparagus harvesters are perceived as a 
promising solution. Amongst the four main types of harvest methods, hand picking and/or 
with aids are dominating the current farming practice in Ontario. There are a few reasons. 
First, there were reliable sources of skilled labor before the outbreak of Covid19, and the 
increased cost is transferred to the market pricing. Second, harvest quality, speed, and 
capital are always the top concerns of asparagus growers. A trained worker is able to 
harvest 2 acres per day on average and they are able to handle exceptional cases such as 
crooked spears and crowded spears (multiple spears close to each other). However, 
strong interests are also expressed by the Asparagus Farmers of Ontario because of the 
heavy workload, increasing wages, and growing need of precision agriculture.  

Non-selective harvester yields more productivity as compared to any other harvesting 
process methodology. This harvester is more suitable only when a market for processed 
product exists. The downside of adapting this approach will lead to higher damage rate 
of the spear, unfavorable distribution of the spear length, chances of collection of weeds 
along with asparagus, and addition channels to sort the marketable product and product 
for processed ones. In comparison to nonselective harvesters, the selective harvesters 
show advantages of less collateral damage and precise picking of marketable spears (6 to 
8 inches). Because of such specific selection of spears, this may lead to less productivity 
as demonstrated in most commercial asparagus harvesters.  

Automated asparagus harvesters also provide a viable solution complementary to the 
commercial mechanical harvesters. These automated harvest robots require less human 
interference, precision cut, and 24hr working capacity. However, there are still many 
challenges to be tackled. First, green asparagus in Ontario are mostly grown in open field 
rather than greenhouse where temperature, illumination, and field tracks are well 
controlled. The change of sunlight, bumpy terrains, and unpredictable weather will always 
affect the detection precision of cameras. In addition, the harvest speed with robotic arms 
are far slower compared to drive-through tractor/tailor-based harvesters. This low 
efficiency results from low imaging processing speed, end-effector design, and picking 
system (e.g. long traveling time to position and cut spears). High capital cost is also a big 
concern for asparagus farmers given its unclear harvest performance and maintenance 
requirements.  

CONCLUSION AND FUTURE WORKS An overview of trends in asparagus harvesters in the 
open arable faming, greenhouse, and laboratory during the past 30 years is provided in 
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this review paper. The need of asparagus harvester in the fields of Ontario to cope up 
with the current pandemic situation and make an impact at global level is also discovered. 
Commercial asparagus harvesters are classified based on types of harvesting functions. 
Recent progress of automated asparagus robots is also reported regarding the three main 
subsystems – recognition system, end-effectors, and motion system. Challenges of speed, 
accuracy, and cost are identified. Mechanical harvesters should posse’s successful high 
detection rate and less crop damages. And as the harvester is an amalgamation of 
different machines, finding spare part and maintaining the machines would be well 
planned.  

As robotics, sensing technologies, and deep learning algorithms advance rapidly. It is 
expected to provide cost-effective and more robust robots combined with more 
advanced algorithmic solutions that allow better estimation and decision-making of the 
state of asparagus spears and the environment. Various sensor technologies could be 
used to accomplish the tasks of sensing, locating, picking, and sorting in asparagus 
harvest. Robotic harvesting patterns indicate that multi-sensor solution may provide 
more precise data for crop harvesting can be provided as demonstrated in literature [49]. 
With access to real-time data, real-time forecasting and monitoring of harvesters, 
environment, soil, etc. in conjunction with IoT advances, farm management and 
operations can change dramatically in the future.  
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