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Current Robotic Applications in Agriculture
Harvesting 

· Automated Harvesters are becoming more common in the farming world. 

· Tractors may be manipulated through GPS technology. 

· Tractors may be manipulated through a “drone” feature which allows one operator to control multiple harvesters at one time. (technovelgy.com) 

· “Fruit Picking Robots” 

· These robots use video image capturing to distinguish between the fruit and the leaves. (kernow.curtin.edu.au) 

· The robot arm is wrapped in rubber so as to deplete the worry of damaging fruit. (kernow.curtin.edu.au) 

· Robotics is implemented in the area of weed-picking so as to minimize the tedious duty of the farmer to separate the weed from the crop by hand. 

· Infrared technology is common in allowing the robot to examine the rows of crops and determine the location of weeds. (innovations-report.com) 

· The robots also use infrared technology to analyze the color and form of plants to determine which are not weeds. (innovations-report.com) 

Livestock
· Sheep-sheering technology is underway for the norm in livestock agriculture. (robotics.utexas.edu) 

· The sheep is held by clamps in order to keep it still for sheering. 

· Sensors are used to keep the sheep’s skin safe from the blades. 

· In order to maintain conditional homeostasis for animal living quarters, computers designed for the task are used. (agribotics.com) 

· Common cow-milking technology is efficient in eliminating man-power. 

Pest Control
· “Micro spraying” is a relatively new technique in which a field robot sprays a restrained amount of repellent chemical onto the crop area. (age.uiuc.edu) 

· Field robots may also be configured to provide an overview of the crops in cultivation to determine the necessities of the crops using sensory vision or video. (age.uiuc.edu) 

· Robots may use sensors to determine the level of insect infestation as a part of its overview task. (age.uiuc.edu) 

· Robots may use cameras to determine the level of weed growth around the crop area. (age.uiuc.edu) 

· Soil Sensors are in the process of becoming more widely used as they are an arrangement designed as a part of the robot to detect disease. 

  

Examples of Current Robots, Which Adhere to the Above Tasks
· AgBo by: Yoshi Nagasaka (age.uiuc.edu) 

· Uses above mentioned sensory vision. 

· Remote control capabilities 

· May use small wheels for traversing dry soil, or larger wheels for traversing damper soil. 

· AgTracker by: Matthias Kasten (age.uiuc.edu) 

· Uses infrared technology to maneuver and handle similar tasks to the AgBo. 

· Uses a microcontroller to cope with remote control interfacing. (age.uiuc.edu) 

· AgAnt (age.uiuc.edu) 

· Small robot meant to work in groups of other of its kind. 

· These robots are capable of scouting out weeds for “food” and alerting the other robots of the whereabouts of the weeds so as to increase the amount of “food” eaten and thereby eliminate as much weed growth as possible. (age.uiuc.edu) 

· A larger version of the AgAnt is the AgGiant (age.uiuc.edu) 

· Demeter Automated Harvester (technovelgy.com) 

· Uses above mentioned “drone feature” to allow one operator to run a number of Demeter’s. 

· May be run directly by the farmer, but also contains a “cruise control” to limit manual management. 

· The Oracle and The Sheer Magic Robot by: The University Of Western Australia (kernow.curtin.edu.au) 

· These automated sheep-sheering robots use the above advantages of modern-day sheep-sheering technology. 

· These robots are preprogrammed with an algorithm for gaining a rough model of an average sheep in order to determine relative positioning of the robot arm over the sheep skin.
Problems Facing Current Agricultural Norms

Many problems face modern farms, but most can be categorized under the following: weather, insect infestation, pollution, locality, and manpower. 

Weather/Natural Disasters
Modern agricultural techniques continue to uphold the trend of outdoor growth and cultivation. 

General Rain:
Field work is impeded by a simple rain shower as tractors may get stuck in muddy areas of the field.

Droughts:
In Midwestern America, farmers continue to cope with droughts and even though rain is detectable, rain patterns are not predictable. Difficulties caused by droughts are obvious: crops spread over a vast amount of acreage which rely on regional rain do not receive adequate amounts of water- and though the occasional rain would produce in a still-soiled environment enough saturation to last until the next shower, a farmer’s worst nightmare is a dry season. (naturegrid.org)

Torrential Rain Storms/ Hail Storms:
Flooding is another serious impairment on a farmer’s crop. Though necessary, too much saturation may drown the crop leaving it unusable. Hail storms are of equal concern in considering the damage which can be made on crops. Heavy storms may ruin boundaries which hold farm animals and may disperse the animals. (naturegrid.org)

Insect Infestation/Pollution

Destruction caused by insects and pollution is incessant in outdoor cultivation. 

Insects:
The agricultural world withstands the constant threat of pest problems. Chemical riddance of pests is effective and though scientists are looking for ways to imply biological options to ridding pests, chemical solutions (such as pesticides) may never be ruled out.

Pollution:
From water bodies
Wastes may reach plantations near bodies of water. The wastes may be transported to the soil through saturation of water from the body. (naturegrid.org)

From pesticides:
Pesticides used in eliminating insect infestations may leave malignant residue within the soil debilitating the crop. 

From the air:
Smog (ground-level ozone) originating mainly from industrial areas travels through the air and threaten the crop cycles. (york.ac.uk)
Acid rain originating from the evaporation and condensation of polluted water may deteriorate crops. (nal.usda.gov)

Locality

Another demand the future may pose is: having more manageable means of redeeming crops and supplying the crops to the consumers. 

Transportation:
How to increase the efficiency of transportation of farmed goods- i.e. through minimizing the distance between the source (farm) and the consumer (town or city) - thereby keeping the goods as fresh as possible. 

Economy: 
A more competent way of transporting farm goods would also minimize the need for transportation funds and make for a more economical procedure. 

Man Power

How will future technology lessen the amount of handy-work for the farmer?

Moderating Temperatures:
During colder weather, plants must have a steady level of surveillance so as to keep the plants at stable temperatures in the face of colder temperatures. Obviously man power is needed here, but such simple work may become tedious and even forgotten keeping the plants at a slight risk. 

Cleaning Crops in Cold Weather:
Plants en route to consumer areas must be cleaned, even during times of colder weather. This type of work is also irritating for the farmer.
Our Solution:  The AGTOWER
As the global population increases at a nonlinear rate and without implicit bound, the global community is immediately faced with crises pertaining to land and food shortages. These shortages exist as a result of aging and inefficient agricultural methodology. 

Unfortunately, the current agricultural institution and methodology is not efficient to a degree that supports or accommodates global or general mass demand. Land lies fallow, suffers from nutrient deprivation and commonly does not produce a yield acceptable enough to contribute to the larger picture of global agriculture. If a genuine effort is to be made to increase yields and overall efficiency of the agricultural industry, a massive industrial reform is necessary.

Unlike all other living organisms, humankind has the ability to manipulate its environment. Humans are no longer limited by what was at one time crippling to progress. For example, up until the application of hydroponics, crops were limited to growth in soil. Oftentimes, the soil would become exhausted from overuse, or would not allow the plants to grow to their fullest potential because the soil was lacking in nutrients. It is now viable to produce crops without the use of soil through the process of hydroponics. Through this process one can administer nutrients to plants through alternate means and ensure the most efficient growth. 

Humans have the capability to institute a new system of agriculture, one that would revolutionize the global distribution of food, but there is question as to how one would accomplish such. One answer to the current agricultural crisis would be the construction of “agricultural skyscrapers” or "Agtowers". The buildings would employ the use of computer controlled hydroponic growing cycles and specialized robotic systems. Ultimately, facilities such as these can be run all hours of the day and operate independently from the natural growing seasons of the year. 

The building would be roughly ninety stories in height and lie on a foundation of about three hundred square feet. The base of the building has a diameter of two hundred feet and height of twenty floors. It is in this part of the building where harvested crops are packaged and shipped. Otherwise, the remainder of the building –a diameter of one hundred feet and height of approximately seventy floors- would primarily serve as the area in which the plants are grown.
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The growing environment would have as little human contact as possible. Ideally, the growing rooms would be governed by computers and interacted with by robots when necessary. Much of the growing process itself can be computerized. Once seeds are planted, the quality and conditioning of the water supply and other factors such as lighting would be run by a feedback-control loop. So matters such as daylight hours, the regulation of nutrients in the water supply, and assessment of the quality of the batch can all be addressed by basic computer input/output logic. Eventually there will come a time for harvesting which would be managed by robots programmed to do such. The harvested crops would then be transported to a storage facility located on a separate floor of the building. A process such as this maintains a sterile environment. In such an environment, the plants are allowed to grow freely with a small probability of contamination. Unfortunately, machines are not self-sustaining nor do they have the capacity to repair themselves. Human interaction will occasionally be necessary in order to address anomalies in production or maintenance. To combat this, the growing floors are designed to contain independent growing “quadrants” which serve as a precaution against contamination. Ultimately each quadrant would be independent from the others leaving the bulk of the crop unharmed if contamination were to occur in one isolated quadrant.

Seeing as though human interaction within the building will be rare, but nevertheless necessary, the topmost floors of the building are reserved as residences. Along with the top floors being reserved as residences, there shall be floors, spaced between each other in intervals of ten floors, which are reserved as temporary storage facilities for harvested plants. It is in these storage facilities where the recently harvested plants shall be prepared for packaging by specialized robots programmed with the necessary functionality. Later, the plants will be transported to the base of the building for packaging and shipping which will be performed by a different set of specialized robots.

Throughout the building there would run a backbone that consists of three main distribution systems: water, power and data. A building such as this would require a great power source. Hopefully, an alternate and more efficient means of generating electricity will have been developed by the time a facility such as this is built. In the meantime, a three-fold strategy will be employed to address energy needs as a supplement to conventional power: hydroelectricity, wind, and solar. As water is pumped through the floors, it will eventually reach the top floors. Once it reaches the top floors, it will be pumped to the center of the structure into the main water line. The main water line will be filled with spinning wheels to capture the energy of the falling water and convert it into electricity. The top of the structure or surrounding land—if available—will be covered in wind turbines or solar panels depending on what the environment is best suited for. Passive solar energy will be captured through the clear outer surface of the structure on the growing floors, and solar collectors will cover any other exposed surface on the outer structure.

The most efficient way to distribute that power is to have each floor in an independent parallel connected to a central source. Along with the distribution of power, it is also necessary to recycle water. In an effort to conserve energy and resources much of the water used in the hydroponic growth of plants will be circulated throughout the floor. Eventually the water on each floor will need to be flushed and recycled, thus making a central water supply necessary. One must not overlook the importance of an adequate data infrastructure in a facility such as this. For a building that is dominated by computers and robots, a network is necessary to monitor and administer tasks. There will also be localized systems that may only span a few floors in the backbone of the building. Along with the distribution of resources a mode of transportation within the building is required. Unfortunately, it may be quite some time before a practical Jetsons-style pneumatic transportation systems is employed, but in the meantime a system of inter-building shafts may be used to transport the harvested crops. The shafts would also have the capacity to double as an elevator system for humans with the need to travel throughout the building. 

One of the greatest applications of a facility such as this one is its great versatility. A facility such as this can be erected anywhere, providing that it has an adequate foundation. It can also take advantage of its individual environment. Examples of such locale advantages are the pre-existing transportation systems of metropolitan areas and even the potential solar energy of the desert that can be used to generate electricity. Buildings such as these would produce a yield capable of making a grand contribution to global agriculture. In the most virtuous of applications it could be used to provide foodstuffs for underdeveloped countries unfit to provide for themselves. It would also yield a greater number of crops for the area it occupies when compared with traditional farms. Another important impact is the locality of the produce to the communities these facilities would serve, negating the need for a huge transportation network reliant on fossil fuels.

Ultimately, this design does not state or call for anything profound. It simply suggests the consolidation of existing advanced agricultural techniques and industrial tools into one localized area. A facility that successfully employs the use of next-generation agriculture could possibly prompt a reform in the industry that could eventually accommodate global demand for food and solve many of the food and land shortages that exist today. The rapid growth in population that exists today will not end anytime soon. All that can be done at this present time is to contrive new methods of managing and correcting old and exhausted problems. As advancements in the fields of computers, robotic systems, and agricultural methodology continue to be made, the most logical of ideas is to consolidate them all into one greatly productive and efficient facility.
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