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Abstract 

Invasive species are formally defined as plant or animal species that are detrimental to 

human resources such as agricultural crops. Many regions, such as Iowa, are economically 

reliant on these crops, and thus efforts to eradicate these species have been made in the past. 

The Federal Aviation Administration (FAA) has identified small Unmanned Aircraft Vehicles 

(UAV) to be an effective method of carrying out tasks for this very purpose. In compliance to the 

guidelines established by the Real World Design Challenge (RWDC), the Next Level team 

refined a UAV design to successfully identify infestations in a timely and efficient manner while 

operating within a limited operational budget. By doing this, we have to calculate the potential 

increases in revenue for the farmer, a cost-effective design, etc. To accomplish this endeavor 

while simultaneously maintaining a balance between performance and cost, the team 

established a workflow that changed the way we approached the challenge. 

For the National Challenge, we made several adjustments and changes to adhere to the 

new requirements. Nearly all our components would have to be reevaluated and new 

alternatives selected. Our sensor payload, the Nikon D800, provided higher resolution than our 

States camera, the X5000, for a lower cost. The range also needed to be increased due to the 

increased field size. The number of landings required for battery swaps had to be reduced as 

much as possible. This reduction was accomplished by increasing the size of the battery, 

stripping out any extra weight, and reducing drag through multiple iterations. The detection plan 

reduced the camera footprint significantly, meaning the UAV could cover more ground in less 

time. To strip out extra weight, we had to research new materials that it could be built with, such 

as EPP Foam and carbon fiber tubes. Also, an innovative tailless Blended Wing Body design 

was used, reducing drag and weight by negating the need for separate horizontal tail surface.  

The team developed an innovative solution to detect European Corn Borer. The solution 

involves usage of identification corn that is spread throughout the field. When Corn Borers feed 

on these plants, the indicator turns a red color and can therefore be easily detected. The 

identification corn has genetic modifications including RFP, a shorter growing season, and male 

sterility. In addition to identifying the Corn Borers, these modifications prevent contaminated 

harvesting with the regular crop as well as cross-pollination. The new method allows for 

operations at higher altitudes, drastically decreasing our mission time. It is estimated that our 

solution will yield in an increase of 20% overall crop yield and an 85% reduction in pesticide 

usage. This solution is the only method to detect European Corn Borer at high accuracy. This 

solution will become the future of precision agriculture.  
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1.0 Project Goal 

The goal of this challenge is to develop a UAV in order to identify the presence and 

location of European Corn Borers in a given corn field to reduce the amount of excess 

pesticides applied. Along with developing a system design outlining the technical composition 

and aspects of the UAV and ground control station, we were also tasked to propose a functional 

business plan. This will be developed to make way for a significant profit in the long run while 

also bringing a growing and relatively new service to the agricultural market. The Nationals 

challenge also added elements like a 25 square mile corn field and the need for in-depth FAA 

regulation understanding. We addressed these new aspects by modifying our UAV to have a 

greater range through increased fuel and efficiency, and researching FAA regulations. In order 

to complete a flyby over the entire field, we needed to increase both our camera footprint and 

the amount of power we were carrying onboard. We utilized a wide-angle lens to increase the 

field of view, and we upgraded to a 12 volt 10,000 mAh battery to increase our range. 

The estimated mission times were calculated by using the camera footprint and altitude 

to determine the time to cover a 25 square mile field. It takes 2 hours and 5 minutes. 3 hours is 

the time it takes to complete the flying portion of the mission, the 8 hours are the time it takes to 

drive there and back, and the 98 hours our needed to process all the data.  

A goal of the state challenge was to reduce the amount of necessary ground crew. We 

found this to be unfeasible due to the increased operational size of the target area. We were 

able to proportionally decrease the amount of crew compared to the state challenge. However 

even through combining multiple roles and attempting to keep our mission plan as feasible as 

possible, we found ourselves restricted by FAA regulations and logistical problems.  

In order to fly the UAV, we needed to look into FAA regulations to figure out what kind of 

permits we needed to fly. After doing research, we decided on applying for a 21.17b type 

certificate, which governs Very Light Aircraft (VLAs). Our aircraft would fall under ‘special 

category’ since it has a mass of less than 1654 lbs and has a stall speed of less than 45 mph. 

Under this certificate, we are restricted to daytime VFR maneuvers. We also opted to apply for a 

production certificate, which will allow us to make more UAVs without having to get re-certified 

when our business grows. We would also apply for a 21.183 standard airworthiness certificate, 

which allows aircraft produced under a production certificate to be issued an airworthiness 

certificate without further showing. 
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Going from our state challenge, we noticed problems with our original detection plan. 

There was not a way through which we could achieve resolutions high enough to detect 

something as small as shot holes. Thus we went through a complete re-design of the detection 

plan, deciding to have the indicator corn plants dispersed throughout the field which will alert us 

that the Corn Borers were present through genetic modification.  

The plan requires a large investment in Research and Development. The majority of our 

funding will come from stakeholders and venture capitalists and our company will take an 

additional loan to support our research. While the initial costs are high, the potential is limitless. 

As soon as Congress creates legislation on the commercial usage of UAVs, the industry is 

primed to explode.  

 

2.0 System Design 

2.1 Updated Design 

The National Challenge was essentially the same challenge as the State Challenge, but 

many different aspects had been modified to make the challenge more difficult. The biggest 

issue was the size of the field, which increased from one square mile to 25 square miles. To 

account for this, Next Level had to completely redesign the submission UAV and overhaul the 

detection plan to ensure that the new mission could be completed in a reasonable amount of 

time and cost. In addition to this, the team was given freedom to reduce the number of 

personnel operating the UAV and the freedom to select materials.   

Communications was also a much larger and more important part of our National 

Challenge. Compared to the State Challenge, we were much more focused on maintaining 

communication with our mentors and between team members. Due to the fact that we were 

often venturing into unknown territory while revamping the UAV, clear and consistent 

communication with our mentors was critical. Since we were working over summer break and 

also over long distances, check-ins and frequent dialogue between the sections in the team 

were critical in making sure that we delivered a complete package for our design submission. 

Overall, identifying our weaknesses in our State Submission and fully addressing them was key 

in changing the way we approached the National Challenge.  

One of our weakest sections were the engineering sections in particular. While our ideas 

showed lots of promise and innovation, we lacked in a documentation and proper explanation of 

why we took the steps we took or made the decisions we made. We found that the collective 
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understanding of the solution was lacking, with each member having specific understanding of 

his part, and limited knowledge of other parts. Our approach for the National Challenge 

accommodated these workflow changes by having each group member briefly explain the work 

he had done to the rest of the group. By doing this, we can confidently say that we have a much 

more rounded and well-presented submission. 

 
2.1.1 Engineering Design Process 

Going into the National Challenge, there were some problems that needed to be 

addressed to come up with a viable solution. The first issue we recognised was that our current 

design could not complete a full scan of the assigned field in a timely manner. Our State 

Challenge UAV would be flying too low and would have to cover a lot of distance, necessitating 

many stops for battery swaps. The following changes were then proposed based on this 

information: 

• Use more than one UAV to cover more ground in the same time period. 

• Scale up the current design to increase range and payload according to the 
larger area to be covered. 

• Break the field up into sections and scan each section over a period of days or 
weeks until the whole field is scanned 

• Convert to a gas or nitro engine which produces more power and can fly longer 
and faster on a single tank of fuel. 

• Completely redesign the UAV based on the challenge requirements. 

 

Analysis of above Design Proposals; 

 

Using more than one UAV  

Pros: 

• Would not require a redesign of current airframe, and would keep the mission 
time roughly the same, assuming enough UAVs were present to cover the entire 
field at the time. 

Cons:  

• Initial calculations showed that it would be prohibitively expensive to operate. Not 
only would we have to spend extra money to manufacture multiple UAVs, we 
would also be paying for ground stations and personnel per UAV, as required by 
the FAA. 
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• Management of UAVs so that a mid-air collision doesn’t occur in flight, and 
managing the mass takeoff and recovery of the UAVs. 

• One method of preventing collisions between UAVs flying in close proximity 
would be flying at slightly different altitudes, similar to how ATC keeps a 1000’ 
vertical clearance between aircraft. 

• Overlapping frequencies and the resulting interference between UAVs could 
prove catastrophic, as operators would lose connection to their UAV or would be 
unknowingly giving commands to another airframe, causing confusion and 
possibly an accident. 

• Directional transceivers may be a solution, but unless the paths of the UAVs 
never overlap with each other, there will be some interference as UAVs pass 
close to each other. 

 

Scaling up the current design to increase range 

Pros: 

• Would avoid the added costs of operating more than one UAV. 

• Scaling of the design would take moderate re-engineering of the airframe, but 
less than that of a complete redesign.  

Cons:  

• More time and money would be spent per UAV constructed, to both buy 
materials and to build each one. 

• Would not be optimized for the mission, as a simple scaling of the current design 
would not be an efficient way to maximize speed, payload, and range. 

 

Scan sections of the field at a time over a period of days or weeks 

Pros: 

• Would not require a redesign of our current UAV, or require change in the 

operation or the number of personnel required to operate it. 

Cons: 

• The number of flights required per field would be very high, and would not be an 

efficient way to scan multiple fields at once if more than one field had to be 

scanned.  

• The increased hours on-site would also increase costs of the service for the 

farmer per scan. 
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• The time required to do a comprehensive scan of the field could allow for the 

spread of the pests which could have already taken root by the time the UAV 

completes the scan of the whole field. 

 

Convert to a gas or nitro engine which produces more power and can fly longer on a single tank 

of fuel 

Pros: 

• Nitro and gas engines are generally more powerful than electric motors, allowing 
for a higher top speed. 

• Fuel has a higher energy density than most batteries, meaning that less fuel can 
travel farther than a battery of equivalent weight, increasing range. Range is 
further increased since fuel burns away over the course of the flight, reducing 
weight. 

Cons: 

• Nitro and gas powered engines require much more maintenance compared to 
electric engines and require more preparation than electric engines. 

• They have a higher operating cost compared to electric engines and require 
extra tools to operate and set up, such as glow plug lighters.  

• Heavier and substantially larger than electric motors. 

• Requires added cooling from passing air, adding drag.   

 

Complete redesign of UAV 

Pros; 

• Would be the most optimal design compared to the other options. 

• Would be purpose-designed for the mission and would be the most cost-effective 
to operate in the long run. 

• A complete redesign would also allow for the UAV to be designed for other 
missions in mind, expanding its versatility, allowing the company to offer it for 
other operations than crop surveying 

Cons:  

• Would require a full reconsideration of all systems and requirements. 

• Time consuming and would cost more to design. 

• After weighing all the above options, it was decided that our focus would be 
minimizing cost to the farmer. To do this, we would need to minimize cost of 
acquirement and operating costs. 
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Therefore, we had to accomplish the following: 

• Minimize size of UAV, as material cost is proportional to size. 

• Minimize time at the field 

• Maximize altitude at which the UAV can fly, within FAA restrictions. 

• Maximize speed at which the UAV flies. 

• Optimize flight plan so that the UAV flies the shortest path over the field. 

• Minimize the number of personnel which need to be present for the operation of 
the UAS. 

Our final decision was to scrap the Multiple UAV and the Sectional Scan proposals 

because they were too expensive, and the Scaling of the Previous Design because it would not 

be as effective as a complete redesign of the UAS, despite it being cheaper. The final decision 

was to redesign the UAS from scratch, as well as completely revamp the detection system so 

that it would be easier to detect Corn Borers from higher altitudes. All selected components 

would also need to be reevaluated, as we largely used components from the catalogue provided 

to us in the State Challenge, which we saw to be overpriced for their performance. By choosing 

alternatives on the market, we expect to save a significant amount of money, possibly covering 

the extra expenses of a larger UAV.  We would consider converting to a nitro or gas engine if 

the cost and weight of the batteries required for the mission outweighed their convenience. 

As the design of the UAS began, we outlined a few baseline performance and safety 

targets that the engineers were aiming for: 

• Be able to complete a full scan of the field within five hours. 

• Total cost of  UAS < $10000. 

• Be able to be operated by a maximum of five operators. 

• Be inexpensive and easy to repair or rebuild exterior of the UAV in case of a 

rough landing, etc. at the field with minimal extra/special tools. 

• Must meet and exceed FAA safety requirements. 
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 2.1.2 Theory of Operation
There are three major elements to our solution:  

Planting of Indicator Seeds 

UAV Flight 

Data Analysis 

 

Next Level Technologies will create a genetically modified corn plant. It will be modified 

to have a shorter growing season, have male sterility, and will contain Red Fluorescent Protein 

(RFP). The RFP gene will be set up to only trigger when it comes in contact with Corn Borer 

saliva, causing the corn to turn red. Our UAV camera will then detect the red color among the 

otherwise green field (refer to 3.3.5). Seeds of this plant will be mass produced. 

Starting January 1st of the year, a program will start collecting data and calculating Corn 

Growing Degree Day units (refer to 3.3.7.1) for Next Level Technologies . A few weeks before 

the farmer intends to plant, the farmer will receive the indicator seeds from Next Level 

Technologies in the quantity they require (based on their field size). The farmer will set up their 

planter according to our instructions (refer to 3.3.5.1). Once the farmer has their planter set up 

accordingly, they will perform the planting on their field.  

Once a certain amount of GDD units have been accumulated, Next Level Technologies 

will receive a notification from their program. They will perform their first fly over within 6 days or 

less of this notification in order to detect the location of the Corn Borers at the right point in their 

life cycle (refer to 3.3.7) 

For the flight of the UAV, several components have to be working in unison to ensure 

that the data being collected is accurate and is done in a reasonable amount of time. Before the 

UAV takes off, the autopilot is pre-programmed with the flight plan that it is to follow once it is in 

the air. This plan also includes the points where the UAV has to land to change batteries. Once 

the UAV is in the air, the GPS sends position and speed data to the autopilot, which in turn 

(given commands to the servos) change the pitch of the control surfaces accordingly. While this 

is happening, the inertial guidance system is keeping track of the UAVs position relative to its 

initialization point. In the rare case of if the GPS malfunctions or loses connection, the inertial 

system still knows the UAVs location, and can give the autopilot commands to fly the UAV back 

to the ground station. For another level of redundancy, there is a second transceiver that sends 

back ‘true’ data, such as airspeed and altitude, which can be compared to the calculated speed 

and altitude that the GPS and inertial systems send back and can diagnose a case where the 
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guidance systems are feeding bad data to the autopilot, in which case the pilot will take over 

and fly the UAV back. While the UAV is flying over the field, the camera is taking photos at 

preset intervals, with the GPA-1 GPS Recorder recording the GPS coordinates at which the 

picture was taken, to aid the photostitching software for post processing. Once the UAV is 

finished with collecting data, the UAV can fly to a predetermined area and land. The expected 

landing would be to have a power-off glider from 1000 ft and have the autopilot flare and 

reverse thrust to ensure that the UAV would be landing as slow as possible. 

The data that was compiled during the flight will be thoroughly analyzed and transformed 

into visual representations, such as maps, that will be presented to the farmer. This whole 

process has been meticulously planned out in order to leave the farmers with a 4 day window in 

which to apply pesticide; during this time the pesticide will perform at maximum efficiency. The 

data presented to the farmer will allow the farmer to target their pesticide application to the 

affected areas.  

A second flight will be performed to combat the second generation. Like before this flight 

will be performed according to the accumulation of GDD units calculated by a program. This 

second fly-over combats the second generation of Corn Borer. 

2.1.3 Detailed Design 

After the release of the National Challenge, we found that we would need to extensively 

redesign our current proposal due to the increased requirements in area needed to be covered 

and the rate at which data needed to be collected to remain efficient. Some initial  requirements 

were that the new designs would need to have a longer range and would need to be able to 

carry a heavier gross weight, due to the anticipated increase in weight due to the extra fuel or 

batteries that needed to be carried to increase the range of the UAV.  

Hence, we revisited some of our old concepts that we brainstormed during the initial 

design phase early in the state challenge. For brevity, we’ll be using the following names to 

describe the concepts: 

• Tilt Rotor 
• Boxcar 
• Multi-rotor 
• Flying Wing 
• Blane 
• Glider 
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To aid our design process, we are using a decision matrix, in which we would grade our 

concepts on various parameters, and total all of them up. This helps us decide which concept or 

concepts to continue detailed design on. The parameters on which we will be grading the 

concepts are: 

• Cost 
• Complexity 
• Endurance 
• Payload 
• Speed 

 
All the concepts will be scored on a 1-5 scale, with equal emphasis on all five. 0 is non-

existent, 5 is excellent (For example, a fast, simple UAV which is light and can carry a high 

payload for a low cost will score high overall). 

Tilt Rotor: As the name explains, this concept has the ability to take off and land 

vertically like a helicopter, but it can transition into level flight by rotating the nacelles on its 

wingtips and fly like a regular fixed-wing aircraft.  

 
We assume that it would be able to carry a relatively large payload and be very flexible 

with regards to takeoff and landing due to its VTOL configuration. Another bonus due to the 

VTOL system is the relatively high amount of thrust that it can deliver, allowing for a very high 

cruise speed.  

The drawbacks to this concept are mainly due to the complexity of implementing such a 

system. We predict that it would be prohibitively expensive to design and procure such a 

complicated airframe, as demonstrated by its real-life counterpart, the V-22 Osprey. Also, such 

a system will have a harder time getting a COA from the FAA as the complexity will affect the 

reliability and safety of the airframe. To compensate for this, it will need to be maintained often, 

adding to the cost. Also, the VTOL system will have an adverse effect on the range of the 

system, as it would add a significant amount of weight. 
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 Cost  Complexity Endurance Payload Speed Total 

Tilt Rotor 2/5 1/5 2/5 4/5 5/5 16/25 

 

Boxcar: This concept is based off of a Cessna Skymaster, with an emphasis on high 

payload for detection and a simple design that would be easy to build, buy, and maintain.  

 
 

The large fuselage is good for a heavy payload, and the conventional design would be 

much easier to be approved by the FAA. It wouldn’t be very fast, as the size of the fuselage 

would restrict the performance of the aircraft. However, the small electric motor combined with 

the number of batteries that it can carry will make sure that it has a long loiter time. 

 Cost  Complexity Endurance Payload Speed Total 

Boxcar 3/5 4/5 4/5 4/5 2/5 17/25 
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Multi-rotor:  This concept has been used extensively in the field of photography and 

cinematography to take pictures and film, making it a proven design for aerial photography. 

 
 

 Because of this proven design, it would be relatively easy and cheap to emulate 

any of the many multirotor designs available on the market today. However, this platform suffers 

from endurance and speed issues, with most models unable to sustain high speeds for long 

periods of time. This, compounded with the fact that that it must have a thrust-to-weight ratio 

greater than 1:1, means that weight is a significant issue, restricting the number, size and 

weight of the sensors and other components we would need to attach to the airframe to 

complete the mission. This also does not allow us to include a larger battery to compensate for 

range.  

 Cost  Complexity Endurance Payload Speed Total 

Multirotor 4/5 3/5 2/5 1/5 2/5 12/25 

 

• Flying Wing:  A clean flying wing design can arguably be called the most 
aerodynamically efficient form that an aircraft can take. 
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For the challenge, this concept looks the most promising, as the clean design allows a 

smaller powerplant and battery combination while maintaining the same speed and endurance 

of an equivalent conventional design. Material costs and weight would also be lowered, as the 

fuselage is incorporated into the wing allowing for a much stronger airframe. This is because the 

fuselage structure can be incorporated into the wing, and no long tail booms would be needed 

for horizontal and vertical control surfaces. However, flying wing designs suffer from inherent 

stability issues, requiring large vertical control surfaces, which could possibly defeat the purpose 

of designing a flying wing in the first place.  

 

 Cost  Complexity Endurance Payload Speed Total 

Flying Wing 5/5 3/5 4/5 4/5 4/5 20/25 

 

Blane:  This concept isn’t a true blimp, however a lighter-than-air gas would be 

producing the majority of the lift, while a small wing would be producing lift to keep the balloon in 

the air. Thus, it can be considered that it is a mix of a blimp and airplane-a “Blane.”  

 
 

Conceptually, we imagine that it would be an inflatable balloon filled with helium, 

supported by a rigid substructure, consisting of the wings, control surfaces, and propulsion, with 

the components placed inside the inflatable structure. The reason a pure blimp design wasn’t 

selected was because a bladder system to control altitude like a conventional blimp would be 

complicated and heavy, a solution where the lighter-than-air part would produce a certain % of 

the lifting force, while the the rest would be produced by the wing, forcing the blimp to keep 

moving forward to maintain altitude. This requirement for forward motion also negates the need 



14 
 

for thrust-vectoring ducted fans found on blimps, as air would be constantly passing over the 

control surfaces. To climb, the blimp would accelerate, increasing the lift generated by the wings 

and producing a net upward force. The opposite would be done to descend. This process 

results in very safe and manageable flight characteristics.  

With our Blane, a loss of power would result in a gentle descent to the ground, since the 

helium would continue to produce a lifting force regardless of connection errors or power 

settings. This contrasts with a conventional aircraft, where a loss of power or connection error 

could end in a high-speed crash. An additional safety measure is that helium is a noble gas, and 

by storing the electronics in the helium sack, the risk of an electrical fire is mitigated, as there is 

no oxygen to burn. However, there are several cons to this design concept. The range of 

speeds at which it can operate at are very narrow, as speed is used as altitude control. This 

range can be adjusted by changing the ratio of lift that is provided by the wings to that by 

helium, but at high speeds, the sack containing the helium, having a large cross-sectional area, 

would be producing a large amount of drag. Thus, it is only efficient at low speeds. To make 

such low speeds viable so that the field could be covered in one day, it would have to fly at a 

relatively high altitude, which would be subject to FAA restrictions and sensor capability. The 

large sack would also prove hard to control in gusty wind conditions, as its light weight would 

offer little resistance to being tossed around, a condition that worsens the higher the altitude. 

 

 Cost  Complexity Endurance Payload Speed Total 

Blane 3/5 4/5 5/5 3/5 1/5 16/25 
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Glider: This concept is based off a competition glider, and its main strength is being extremely 

efficient and able to fly for long periods of time. 

 
 

One of the more conventional designs that we considered, the Glider utilizes high aspect 

ratio wings to provide low-drag lift, able to efficiently fly for long periods of time. However, to 

keep the structural weight of the long wings down, the weight it can carry has to be reduced, or 

else the extra weight would cancel out the efficiency gains. However, due to its conventional 

design, stability and ease of use will be much better than some of the other designs. 

 

 Cost  Complexity Endurance Payload Speed Total 

Glider 4/5 4/5 5/5 3/5 4/5 20/25 

 

• Totals: 
 

Tilt Rotor Boxcar Multirotor Flying Wing Blane  Glider 

16 17 12 20 16 20 

 

Based on the scores above, we decided to select the Flying Wing concept for further 

development in the detailed design phase, with the Glider as a conventional backup if the 

design challenges proved insurmountable in the given time frame.  
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Iteration 1: 

During this phase, the goal was to finish a working model of the concept and come up 

with a list of components that would need to be included in the final design.  

Initial Design Features: 

• Length → 4ft 

• Pusher Design 

• This acts as a stabilizing factor, compensating for the natural instability of a flying 
wing design. 

• Winglets will act as vertical tails to increase lateral stability.  

 
 

 

Concerns:  

• Volume of the inner section may not be sufficient to store camera, batteries, and other 
components. 

o Wing can be made thicker, but at the cost of materials and drag. 

o A separate fuselage can be added, allowing the thickness of the wing to remain 
small while expanding payload area. 

• Lateral stability may not be a fully resolved problem with the winglets alone. 

o Winglets can be made larger. 

o Rudder can be added. 
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o Dihedral can be added, adding some dynamic stability. 

• There is no protection for the prop for landing. 

o A ventral rudder may be used to use as propstrike protection, and would 
contribute to lateral stability. (above point) 

Changes being made to next iteration to address concerns: 

• Ventral rudder is being added. 

• A fuselage compartment will be added. 

• Dihedral will be added. 

Components required: 

• Some sort of autopilot system. 

• Servos for control surfaces. 

• Battery 

• Electric motor 

• Transceiver 

• GPS transceiver 

• Camera (to be chosen by detection team) 

 

Iteration 2: 

This iteration mainly focused on addressing the issues that were found in the first iteration. 

Components were also researched and the autopilot redundancy systems were addressed. 

 

Features:  

• Ventral rudder added as a propstrike guard. 

• Fuselage compartment added, wing thickness reduced. 
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Autopilot System: 

 To meet FAA requirements, the autopilot system must be very robust and have levels of 

redundancy to allow for failures of some systems and maintain situational awareness and 

control of the UAV. Hence, our autopilot system has two guidance systems that work in tandem 

to check each other and either one can guide the UAV back to the ground station in case either 

system fails. The two systems are GPS position tracking and inertial position tracking. The 

autopilot will have a series of pre-programmed waypoints that are listed as sets of GPS 

coordinates, and the autopilot will fly point-to-point to those waypoints, while the inertial system 

track the position relative to the initialization point. If the GPS loses connection, the inertial 

system will still be able to guide the aircraft back to its initialization point. Thus, there is never a 

time where the ground station will not know where the UAV is. Even in the case when there is a 

Loss-of-Link with the ground station, both systems can guide the aircraft back to the ground 

station. 

Iteration 3: 

This iteration was mainly focused on designing and optimizing the fuselage around the selected 

components that were given to us by the detection team.  

Objectives: 

• Design fuselage around Nikon D800 camera, electric motor, and battery, as they are the 

largest components. (refer to 2.2.2) 

• Optimize so that material costs can be minimized. 

Dimensions: 

Camera → 5.8 x 3.2 x 4.8 inches  

Battery → 6.55 x 2.75 x 2.4563 inches 

Motor → 1.7 diameter, 1.9 inches long 
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Fuselage cavity design: 

 
Internal fuselage shape, top view 

 

 
Internal fuselage shape, side view 

 

The battery is mounted behind the camera for better weight distribution, also allowing for 

easy access to the motor. There is a large area in front of the camera for the electronic systems 

and antennas. Placing the electronics at the front of the fuselage also helps keep them cool, 

compared to placing them close to the hot motor or battery. 

Fuselage Design: 

 
Fuselage (transparent) showing fuselage cavity inside (Top view) 

 

 
(Side view) 
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While designing the fuselage, it was important to keep in mind that while the volume of 

the skin must be kept as low as possible to minimize weight and costs, it must also be thick 

enough to endure landings and +6/-4g flight, as specified by the challenge rules.  

After designing the fuselage, the rest of the airframe was designed around the lessons 

learned from the first few iterations. 

 

Features: 

• Added dihedral. 

• Wing sweep was decreased and aspect ratio increased, to help make the airfoil thinner 

and cause less drag, making the wing more cost-efficient. 

• Fuselage section moved to under the wing to add to stability, as center of gravity would 

be below the aerodynamic center, creating a corrective force that creates dynamic 

stability on the roll axis. 

 

 
 

Concerns: 
• The rudder may fail under the stresses of landing, needs extra support. 

o This can be solved by strengthening it with extra support internally, however this 
would add weight, and would still be vulnerable to the shear forces 

o Another solution could be adding a duct around the prop, adding support and be 
very strong if made correctly. 

• A mentor expressed concern that because the sweep of the wing was reduced over the 
last iteration, the size of the vertical stabilizers no longer had a long enough control arm 
length to cancel out yaw moments on the airframe. 

o Tail surfaces could be made larger. 
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o Another tail surface could be added. 

 

Changes being made to airframe for next iteration: 
• A duct structure around the propeller will be added for the following reasons: 

o It will add strength to the overall airframe and will prevent the ventral rudder from 
collapsing under landing stresses. 

o The duct makes the propeller more efficient as it reduces tip losses. However, 
since we have no means of measuring this effect, we will have to consider it 
negligible. 

o Keeps personnel safe from spinning propeller. 

• A second rudder identical to the ventral rudder will be added to provide additional 
longitudinal stability as well as add a fourth attachment point for the duct. 

 

Iteration 4: 

 

This iteration would be focused on making sure that the airframe was strong enough to survive 

the stresses that it undergoes throughout its lifespan. 

 
 

Close-up view of duct: 
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The duct is supported at four points, as shown below. We believe that the duct is very 

strong, and would easily be able to take the stress of takeoffs, landing, and flight. Due to the fact 

that it is also supported at the trailing edge of the wings, back from the aerodynamic center, it 

would act as a stabilizing force in the pitch and yaw axis. 

 
This also allows us to make the rudder airfoils very thin, as the foam covering is not 

under any structural stress, and can be made to be as thin as the underlying support structure.  

From Iteration 1 to Iteration 4, the following design considerations  and concerns have been 

addressed: 

• The availability of fuselage volume to store all equipment required for the mission. 

• Aerodynamic stability of the UAV. 

• Stress of landing on the airframe. 

• Optimizing the airfoils so that minimal drag is incurred. 

 

Material Considerations: 

The materials that we decided to build the UAV with are following: 

• 1.3 EPP foam 

• Is widely used for hobby R/C aircraft, mainly used because of the fact that it is 

extremely lightweight, relatively cheap, and very easy to repair.  

• Will be used for the wing. 

• 1.9 EPP foam 

• A stiffer version of 1.3 EPP foam. As such it is slightly heavier, but retains all the 

characteristics of 1.3 EPP foam such as ease of maintenance. 
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• ABS Plastic 

• Can be 3-D printed so that custom shapes can be made easily.  

• Strong plastic that is easy to machine and sand. 

• Interlocking pieces can be welded together easily with acetone. 

• Durable, and is suitable for use where there is a high amount of wear, such as 

the wingtips, but is relatively heavy. However, it is a lighter alternative to metals, 

such as aluminium. 

• Will be used for the internal fuselage structure, duct, and wingtips.  

•  6mm carbon fibre tubes 

• Carbon fibre is a very strong, stiff and light material, making it suitable for support 

structure, such as the wing spars and fuselage support. 

 

 
Support structure placement top and side view (wing transparent in side view)  
Yellow → ABS Plastic, Black → Carbon Fiber Tube, Red = Control Surface 
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Lift and Drag Calculations: 

Due to the fact that our wing has a ‘cranked arrow’ shape, where the taper ratio of the inner 

section is different the outer section, the average chord length must be calculated as follows: 

 

Avg Chord Inner Section →  1.5077 over 19.4985% of the wing 

Avg Chord Outer Section → .07731 over 80.5015% of the wingAvg Total Chord = (Inner Section 

Avg * %) + (Outer Section Avg * %) 

      = (1.5077 * 0.19485) + (0.7731 * 0.805015) 

       = 0.9162 ft 

Using the atmospheric calculator at www.aerospaceweb.org/design/scripts/atmosphere using 

the following inputs: 

• Altitude = 1500 (Ground) + 1000 (AGL) = 2500 ft 

• Velocity = 40mph (58.667 ft/s) 

• Reference Length = 0.9162 ft 

The following outputs were noted: 

• Density = 0.0022081 slugs/ft3  

• Reynolds Number = 351300 

Now, the knowing the lift required for flight, (2.4), we can now calculate the amount of drag the 

UAV is producing. 

CL=Lift (lbs)(.5*Density*Velocity2)*Area 

Once we know the required coefficient of lift, we find the respective coefficient of drag and plug 

it into the drag force equation. For surfaces that are not producing lift, such as vertical tails, lift = 

0 therefore CL = 0 

Drag(lbs)=Cd*Area*(.5*Density*Velocity2) 

To find Cd, we used JavaFoil, which was very easy to use and intuitive to iterate through 

multiple airfoils quickly. To further expedite this process, a Excel Spreadsheet was created that 

calculated total drag from the aircraft. Once total drag was calculated, a power requirement 

could be calculated, and from that, expected battery life could be found. 

http://www.aerospaceweb.org/design/scripts/atmosphere
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2.1.4 Lessons Learned 

In the Nationals Challenge we were given the freedom to choose our own components 

instead of sticking to those provided. This was very important for us because it allowed us to get 

better components at a cheaper price, reducing our overall cost. We also had more freedom 

over our selection of ground crew needed, allowing us to cut people who weren’t necessary and 

combine jobs where possible, reducing our hourly cost. We were also faced with a new FAA 

regulation, banning the commercial use of UAVs. Originally this was quite a problem for us, but 

after consulting with some mentors and doing research of our own, we realized that there were 

ways around this.  

We learned a lot about communication in States. During the State challenge, our 

communication between engineering and writing was shoddy at best. For Nationals, we made a 

conscious effort to make sure to communicate and document engineering procedures and ideas 

properly. Another aspect was time management. During the State Challenge, there was a rush 

towards the end to get everything together, and frankly it wasn’t completely successful. This 

year we made schedules and distributed workloads evenly throughout the work period to 

prevent this last minute rush.  
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We found these five aspects to be critical to our success: communication, planning, time 

management, execution, and problem solving. 

Communication: 
The entire team needs to be coordinated as one. In order to do this, the team must 

master communication. Without communication, it’s an “every man for himself” scenario, which 

leads to confusion, mistakes, and ultimately losing. To improve our communication we utilized 

Facebook and established schedules every night.  

Planning: 
Planning makes sure you don’t get led astray whilst doing the challenge. WIthout proper 

planning, the project orientates in no particular direction, going every which way and touching 

on multiple unconnected points. With planning, the project has a goal. The project is 

coordinated, and everyone does what they’re supposed to do. 

Time Management: 
 Time management is closely related to planning, but focuses more on forming a 

schedule and sticking to it. It’s very easy to postpone things out of laziness, and very soon the 

work piles up. To be successful, it’s important to spread the workload out evenly.  

Execution: 
Good execution translate to making decisive and definite decisions. We can’t center on a 

single problem for too long or it will waste too much time. We have to take a problem and just 

solve it, not go back and forth between solutions or postpone it.  

Problem Solving: 
In a way, problem solving is the opposite of execution. While it is true that it’s detrimental 

to stay on a problem for too long, important issues must be dealt with by exercising strong 

problem solving skills. This means laying out the problem, analyzing all the different solutions, 

and choosing the best one based on any number of factors. It’s also important not to shoot 

down any wild ideas, because they often hold hidden potential. 

2.1.5 Project Plan Updates and Modifications 

Over the course of developing the detailed design process, we had to modify the focus 

of development several times. When detailed design began, we were confident that all 

components would be able to fit inside a pure flying wing design. However, as the list of 

components required to complete the mission grew, it became apparent that a traditional flying 

wing could not be able to accommodate all of them. Simply increasing the thickness of the wing 

would theoretically allow the components to fit, however it would cause an unacceptable 
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increase in drag. Thus, we changed our design to a blended wing body (BWB). Rather than 

changing the components based on the airframe, we designed the airframe around the 

component layout. By doing so, we could minimize material costs, weight, and drag while 

meeting FAA and challenge requirements.  

In summary, to arrive at our final design submission, we had to go through four 

iterations, with each iteration dealing with specific issues. 

• Iteration 1 mainly dealt with fleshing out a viable design that could be used for the 

mission and finding any flaws to be fixed in future iterations. At this point in the design 

we did not have a complete list of components or a gross weight, so we used estimates 

based on real UAVs carrying out similar missions. 

• Iteration 2 was focused on addressing design flaws that were inherent to this type of 

airframe that were brought up in Iteration 1, such as stability, fuselage space, protection 

for the propeller, etc. Another focus during this iteration was the list of components, to 

find out component weight and placement. This step extensively put to use the Weight 

and Balance spreadsheet provided to us. 

• Iteration 3 required a complete change in design, as described above. Thus, this 

iteration took the longest and that was reflected in the documentation (2.1.3). However, 

the lessons learned in Iterations 1 & 2 with respect to stability etc. proved valuable and 

time-saving. 

• Iteration 4 consisted of fine-tuning the design. Some structural issues were addressed 

around the tail of the UAV and in the internal structure and materials were finalized.  

The process that we followed highlights the flexibility and adaptiveness of our workflow, 

allowing us to quickly change our design as new requirements arise. 

 

2.2 Selection of System Components 
2.2.1 Sensor Payload Selection 

We selected the D800 as our sensor payload. It has many selling points, including the 

price, durability, resolution. One of the biggest selling points is that the D800 has a high 

resolution to cost ratio. The D800 is equipped with a 36.3 megapixel CMOS sensor with greater 

resolution than the competitor camera the X5000, and costs only $3,000, a decent amount less 

than the X5000 from the State Challenge at $5,500. The X5000 is the only competitor with the 
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D800 because it’s the only camera from the State Challenge with a high enough resolution to be 

able to detect the presence of Corn Borers. The resolution of this camera is especially important 

to the selection process, because even though we don’t need a high resolution with the new 

detection plan, it is desired for greater time efficiency. The greater the resolution, the higher the 

UAV can fly; and consequently, the less time that it will take to complete the mission. The D800 

beat out the X5000 in all the categories we looked at, which was why we made the change. The 

only issue is that the D800 needs a prerequisite- an external lens is needed because it’s a 

DSLR camera. Lenses are currently fairly inexpensive, so our real challenge was figuring out 

the optimal camera length for the UAV. The length of lenses refers to the millimeter rating of the 

lens, or the magnification power. The lower the length is, the greater the field of view becomes, 

and the lower magnification power is. Thus, a smaller length was desired, because a larger 

footprint equates to a reduced mission time. We decided to go with the Nikon 18-55 F/3.5-5.6 

lenses, which would be kept at 18 mm. We decided that 18 mm was the desired length because 

we get a sufficiently large field of view at 90 degrees vertical and 67.4 degrees horizontal.  

 

 

The graph below visually indicates the camera footprint.  
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Another advantage of using this camera is that we could use a simple SD card instead of 

a large hard drive, as our previous plan stated. This is far cheaper and more reliable, as SD 

cards don’t have any moving parts that could potentially break. A 64 GB SanDisk, for example, 

costs only $68.99, fairly cheap compared to regular hard drives which cost more and have no 

advantages compared to an SD card. The camera footprint is fairly large, 2,000 feet by 1,333 

feet, so we only need to take 294 pictures during our flight. At 108.4 megabytes per image, that 

only adds up to 31.9 gigabytes for the entire field. Adding the other data that will come with the 

images, such as GPS coordinates, means that the data will equate to about 35 Gigabytes. This 

will store in a 64 Gigabyte SD Card with plenty of extra space.  
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2.2.2 Air Vehicle Element Selection 

List of Components: 

Component  Quantity Price Weight 

High-Ranged Data Transceiver Set 2 $135 0.4 oz 

Electronic Propulsion System 1 $75 7.0 oz 

Batteries 2 $180 57.6 oz 

Auto-Pilot 1 $250 .81 oz 

Nikon D800 1 $2730 35.2 oz 

Servos/Servo Controller  2 $79.99 2.03 oz 

U-BEC 1 $20 .26 oz 

Nikon GPA-1 GPS Recorder 1 $280 .85 oz 

RPM Sensor 1 $10 Negligible  

Airspeed Sensor 1 $45 .15 oz 

Altitude Sensor 1 $40 .15 oz 

GPS Receiver 1 $50 Negligible 

Inertial Navigation Unit 1 $40 .02 oz 

Microcontroller 1 $100 .35 oz 

64 GB SD Card 1 $68.99 Negligible  

11x7 Pusher Prop 3 $11.43 .1 oz 

Total  NA $4472 107.35 oz 
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Air Vehicle Element Selection 
 
The following is a list of components to be used in the UAV.  
 
900 Mhz High-Range Data Transceiver Set 

Cost:  $135 

Number Required: 2 

Weight: 0.4 Oz 

The transceiver set is needed to provide communications between the aircraft and ground 
station. Compared to the other options, this set has a longer range at 6.3 miles, easily enough 
to cover half the field at any given time with a significant safety margin. This transceiver 
transmits analog data, which sends commands to and from the UAV from the ground station, 
and is in constant communication with the transceiver onboard the UAV. It also provides the 
ground station with the current GPS position, speed, and heading of the UAV in real time. 

 

APM Autopilot Suite 

Cost:  $0 (Open Source) 

Number Required: 1 

Weight: .81 Oz 

This will be the autopilot of the UAV, and will be capable of accurately controlling flight so that 
it can fly a determined flight plan with minimal error. This removes the human factor from the 
flight of the UAV, which in turn significantly reduces the chance of error from flight path 
deviation. However, according to FAA regulations, the human pilot at the ground station can 
take over manual control of the aircraft at any time. The autopilot module would receive 
position, speed, and heading from the GPS and inertial navigation systems. This would 
provide the module to the ability to maintain a preselected path with waypoints or switch flight 
plans mid-flight. The module would then be connected to the servos and the speed controller 
of the electric motor through a microcontroller adjusting them as needed to maintain the 
required direction. 
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Eflite Brushless Outrunner Motor 770Kv 

Cost:  $75 

Number Required: 1 

Weight: 7.0 Oz 

This is the propulsion unit of the UAV. It offers a good balance of cost, size, weight, and 
performance. It is an alternative to gas and nitro powerplants, both of which need much more 
maintenance and upkeep costs, and are also much larger compared to their electric 
equivalents. With only one moving part, the Eflite Brushless Outrunner is also very reliable. 
The wide range of RPMs (rotations per minute) at which this motor runs makes it very flexible 
and its high torque figures make it compatible with a wide range of propeller sizes. It is 
because of this that we can choose a propeller that is as small, which allows for a smaller 
duct size, and lighter weight. The available performance also allows us a wide envelope of 
flight, with full power enabling near vertical flight for short periods of time. 

 

DS1220 Digital High-Torque Servo 

Cost: $79.99 

Number Required: 2 

Weight: 2.03 Oz 

The servos are the motors that control the movement of control surfaces on the aircraft. They 
are basically electric motors with the ability to control speed as well as the angle of rotation. 
These would be connected to the control surfaces, of which we only have two because we are 
using a flying wing design. As the servos receive inputs from the microcontroller, they rotate 
to the angle required, and thus rotate the control surface. These are necessary in order to 
control the aircraft. We went with the DS1220 because it provides a high level of torque and 
accuracy for a low price.  

APC 11x7 Pusher Prop 

Cost:  $11.43 (for package of 3) 

Number Required: 1 

Weight: 0.1 Oz 

This lightweight propeller is the smallest size of propeller that our selected motor would 
accommodate. This gives us better ground clearance and also allows us to select a smaller 
duct sizing. As stated by the manufacturers: “Computer-optimized design gives these props a 
thinner profile and more ‘bite’ with less noise. Lightweight molded nylon construction reduces 
rotating mass for higher output and longer life. Reinforcing carbon fibers help maintain true, 
constant pitch at any RPM.” 
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Nikon GPA-1 GPS Recorder 

Cost: $279.99 

Weight: 0.85 Oz 

Number Required: 1 

This is a unit that plugs into the D800, and it is necessary to record the exact location the 
picture was taken. This means that we don’t need to fly over an exact point on the field, but 
rather a general area which allows for some error when photographing the field. This data will 
also give the photo-stitching software a location for each picture, producing a more accurate 
final result. It will also allow us to know where each picture was taken, giving us an easy 
reference to where we should focus our efforts when we advise the farmers about the 
conditions of their crop. 

 

RPM Sensor (Hall effect) 

Cost: $10 

Weight: Negligible 

Number Required: 1 

This device detects the revolutions per minute (RPM) of the propeller. This can be used by 
the ground crew to determine whether the motor is functioning correctly, failed, or whether it is 
running outside of its designed operating envelope. This will then allow the pilot to take 
appropriate corrective action based on this information. 

 

 

 

Universal Battery-Elimination circuitry (U-BEC)  

Cost: $20 

Number Required: 1 

Weight: .26 Oz 

This device is an alternative power regulation module for protection of the control system. 
During normal operation, it routes power to all elements of the control system. Once the main 
power source (the battery in this case) does not have enough power to maintain powered 
flight, the U-BEC directs the remaining power solely to the flight controls (the servos and 
microcontroller) to allow the operator to make a controlled descent and landing.   
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Airspeed Sensor 

Cost: $45 

Weight: .15 oz 

Number Required: 1 

This device detects the indicated airspeed of the UAV through a pitot tube attached to the 
outside of the aircraft. This provides a backup to the GPS and inertial guidance to verify that 
the autopilot is receiving accurate speed measurements. This can also be used to determine 
a fault with the guidance of the UAV, it the measured airspeed differs excessively with the 
calculated airspeed from the navigation systems. This information is not fed to the autopilot, 
but is sent to the ground station to give the pilot greater situational awareness. This is used as 
a backup, similar to how a backup airspeed indicator functions in a larger aircraft. 

 

Altitude Sensor 

Cost: $40 

Weight: .15 oz 

Number Required: 1 

This device detects the barometric altitude of the UAV. This provides a backup to the GPS 
and inertial guidance to verify that they are telling the autopilot is receiving accurate altitude 
information. This can also be used to determine a fault with the guidance of the aircraft, it the 
measured altitude differs excessively with the calculated altitude from the navigation systems. 
This information is not fed to the autopilot, but is sent to the ground station to give the pilot 
greater situational awareness. This is used as a backup, similar to how a backup altitude 
indicator functions in a larger aircraft. 

 

GPS Receiver 

Cost: $50 

Weight: Negligible 

Number Required: 1 

This will communicate the aircraft's exact location to the autopilot and the ground crew. 
Location and altitude are necessary for the autopilot to fly the plane, as it needs to know 
where it is to know where it needs to go. This is also important for the ground crew, as they 
need to know where the aircraft is. 
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SanDisk Ultra 64 GB SD Card 

Cost: $68.99 

Weight: 2gm 

Number Required: 1 

This will be the device that stores our image files during the flight. After, they will be 
transferred onto our workstation desktop for permanent storage. We went with SanDisk 
because of their reputation for quality and reliability. The more important variable is reliability, 
as a bad SD card can crash all the time, losing all the data stored on it. This would mean re-
running the mission, so we wanted to make sure we have a very reliable SD card. On the 
other hand, we didn’t need one that was too expensive, because there is a threshold in the 
reliability of SD cards.  This is far more effective than a hard drive or SSD drive, as it’s 
significantly cheaper and provides all the space we will ever need. Also, its size and weight 
are negligible (it fits inside the D800, and essentially weighs nothing), meaning it won’t have 
much of an effect on the aircraft’s performance.  

 
2.2.3 Command, Control, and Communications (C3) Selection 

Below are all the components selected for the C3 portion of the Ground Control Station. 

These are the Command, Control, and Communications aspects of running the operation for 

each mission. Our primary component for the “Command” aspect of the selection is the User 

Autopilot Suite; the PC control will fulfill the “Control” aspect, and the Data Transceiver Set will 

be the “Communications” component.    

 
Component Quantity Price 

APM Autopilot Suite (Command) 1 $0  

PC (Laptop) Control (Control) 1 $4000 

Data Transceiver Set (900Mhz) - High Range (Communications) 2 $135 

 
 

 

 

 

 

User-Interface: APM Autopilot Suite 
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PC (Laptop) Control 

Cost per Unit:  $4,000 (excluding communications and servo controller equipment) 

Number Required: 1 

Justification: The laptop is the “Control aspect” of the C3 element. It is necessary to handle 
the remote communications with the UAV. We had several gear options to carry out this task, 
including a GCS or a laptop control. We decided upon the laptop because while the GCS 
includes extra features such as two 12V/50W Power outputs, an additional 17-inch touch 
screen monitor and multiple connection ports for radio receivers and controllers, none of 
these are necessary for our mission plan because we are not using live feed. We don’t need 
an extra display that the GCS provides, and we don’t need the power source for the UAV 
batteries because we’re already utilizing a separate generator. The GCS also runs on 
batteries itself so there is a possibility that it will be inadequate for charging the UAV batteries 
for an extended period of time. Finally, the laptop does support USB so radio/controller ports 
offered by the GCS won’t be necessary to hook up to the Data Transceiver set. Therefore, 
because the extra $6,000 cost for a GCS can’t be justified with these extraneous features, we 
decided upon a much less expensive PC control that had all the features necessary for our 
mission.  

Cost: $0 (Open Source) 

Number Required: 1 

Justification: The APM Autopilot suite, the “Command” aspect of the C3 element, appealed to 
us because it is reputable, reliable and open-source. This will be the software that controls the 
autopilot system. Basically, we design a flight plan using the flight planning aspect of the 
software; this would be done on the laptop, most likely on site so we can get a good idea of 
the layout of the field. After that, we simply launch the plane and the software flies it for us. 
The software provides us with the option to disable and re-enable the autopilot, meaning that 
if we need to we can fly manually. The software launches and lands itself, making our system 
fully autonomous, and reducing the margin for error. 

Data Transceiver Set (900Mhz) - High Range 

Cost: $135 

Number Required: 2 

Justification: The “Communication” aspect of the C3 element in the Ground Control Station is 
the Data Transceiver set. The reason we decided on the 900MHz high range Data 
Transceiver set was because it is compatible with the PC control Ground Station (it uses 
USB). It was also chosen because it has the longest outdoor/line of sight of all the available 
transmitters that are compatible with our PC control. the 6.3 miles is enough to maintain 
communications with the aircraft the longest of all the transmitters. 2 of these are required for 
redundancy reasons: if one fails, the other can be quickly switched on, and control of the 
aircraft can resume. 
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2.2.4 Support Equipment Selection 

Below are all the components listed for our support equipment-equipment that are not 

part of the C3, but nevertheless important to the operation of the missions.  

 

Honda EU2000i - 1600 Watt Portable Inverter Generator (50 state model) 1 $999.99 

Post-Processor PC Desktop 2 $5047.73   
 

Van: 2014 Mercedes Benz Sprinter Crew Van 1 $38,775 

Car Top Launcher  1 $3,000 

AC/DC Battery Charger 1 $150 

GPS Magellan RoadMate 3045-LM GPS Navigator  1 $120 

Agisoft (Professional Edition) 2 $3499  
 

Honda EU2000i - 1600 Watt Portable Inverter Generator (50 state model) 

Cost per Unit:  $999.99 

Number Required: 1 

Justification: The Honda EU2000i was selected because we need a generator in order to 
charge the hot-swap batteries, and this power generator will provide enough power. It will also 
include a power inverter, which will make it safe for PC use. Compared to the lightweight 
power generator, this generator is the same, but a little bit cheaper. Compared to the heavy 
power generator, which costs more, this doesn’t make more electricity than we need, is 
smaller, and is quieter. The heavy power generator also doesn’t provide any usable 
advantages for us.  
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Post-Processor PC Desktop 

Cost per Unit:  $5047.73   

Number Required: 2  

 

Justification: We elected to build our own set of computers for data analysis due to the fact 
that we found the Post-Processing Desktop provided to us in the State Challenge to be 
inadequate for our needs. There were also no specifications regarding components such as 
an internal SD reader which were necessary. Thus, we were able to create a Post-Processing 
Desktop with both superior components and a decreased cost by $1000 compared to the 
desktop provided to us in the state challenge. The most noticeable improvements include the 
CPU, RAM, Storage Space, and the GPU. The CPU is an essential part of the data analysis; 
a faster CPU will allow sped-up data analysis time. We are still using a six-core Xeon 
processor but with a faster clock speed making it superior to the CPU provided. The 16 GB of 
RAM provided in the initial PC would clearly not be sufficient for data analysis in such a big 
scale. After consulting with Jayden Garetson (Refer to 5.2), we found that we need at least 64 
GB of RAM to make processing such large amounts of data feasible. The next aspect is 
storage space: our SSD will allow for faster read and write times and the other 8 TB of regular 
hard drive space will allow for cataloging of past missions. The GPU is the most integral part 
of the the data analysis as it is the processing of images. Our graphics card, the Quadro 
K5200 8 GB offers a significant step-up from the Quadro K4000 4 GB. We found this setup to 
be far more feasible towards our final goal and offers a superior performance and lower cost 
compared to the PC offered in the detailed background. 
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Van: 2014 Mercedes Benz Sprinter Crew Van 

Cost: $38,775 

Number Required: 1 

Justification: We will need a van to carry personnel and equipment to the site. It will also be 
required to follow the UAV to stay in visual range with the aircraft. We decided on a 
Mercedes- Benz because they were the only manufacturer that built a van with a person 
capacity of 4, which is what we need. Mercedes-Benz also has a reputation for quality and 
reliability. The van is equipped with an 8.34’ x 5.841’ cargo space, which should be plenty for 
our needs. With a wingspan of only about 4.3 feet, the UAV will be able to fit within the cargo 
space without any modification, and still leave room for the generator, laptop, and other 
pieces of equipment (such as batteries). While the van does represent a rather large sum of 
money, it is absolutely required because we need something to transport the personnel to the 
location. Because we’re using a van instead of something like a truck or a car, we don’t need 
to bring a trailer along. The van will also double as a mobile control station and launcher.  

 
Car Top Launcher  

Cost: $3000 

Number Required: 1 

Justification: Since the car top launcher is a lot cheaper than the pneumatic launcher and only 
one UAV will be used, the car top launcher is the better choice. Since the pneumatic launcher 
is much more expensive and there is a road to use the car launcher on, a car launch is 
perfectly viable and much more cost effective.  
 

AC/DC Battery Charger 

Cost: $150 

Number Required: 1 

Justification: This was the charger given to us by the State challenge, and we see no reason 
to change, as it is a sufficient charger that will do the job. We need a charger to charge the 
batteries for the UAV.  
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GPS Magellan RoadMate 3045-LM GPS Navigator  

Cost: $120 

Number Required: 1 

Justification: The purpose of the GPS is so we can locate the field in question. It is also 
needed to know where the van is in relation to the UAV and the field so the location can be 
determined at all times.   
 

Agisoft (Professional Edition) 

Cost: $3499  

Number Required: 2 

Justification: Agisoft is the software that will stitch together the images that the UAV and 
camera takes. The reason we need the Professional edition is primarily for an exclusive 
feature, georeferencing of generated results. Taken from their website: “Agisoft PhotoScan 
Pro allows to generate high resolution georeferenced orthophotos and the fully automated 
workflow enables a non-specialist to process thousands of aerial images on a desktop 
computer to produce professional class photogrammetric data.” We were recommended 
Agisoft by a mentor, Jayden Garrettson (Refer to 5.2).  

 
 
2.2.5 Human Resource Selection 

To do the field-work for the operation, different personnel are required to run different 

parts of the operation. The necessary personnel required for the operation include the 

Operational Pilot, who oversees and monitors the autonomous aircraft using the Laptop Control, 

the Safety Pilot, who is the “back-up pilot”; the Launch and Recovery Assistant who is involved 

in mounting the UAV and drives the van; The Range Safety/Aircraft Launch & 

Recovery/Maintenance Officer who is in charge of frequency detection, airspace deconfliction, 

launch & Recovery, etc; and two Data Analysts, who analyze the data with a Post-Processing 

PC. The personnel and roles are listed below, along with the equipment they use. 
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Personnel Data 
Analyst 

Range 
Safety/Aircraft 
Launch & 
Recovery/ 
Maintenance  

Launch and 
Recovery 
Assistant 

Safety Pilots Operational 
Pilots 

Rate $150/hr (x2) $175/hr $50/hr  
 

$100/hr $150/hr 

Job 
Summary 

Analyzes 
the data 
with a Post-
Processing 
PC 

Many roles as a 
qualified 
technician 
including 
frequency 
detection, 
airspace 
deconfliction, 
maintenance, 
launch & 
recovery 

Involved in 
mounting 
UAV; also 
drives the van 
with the 
equipment out 
to the site and 
must follow the 
UAV when in 
the air to stay 
in telemetric 
range 

“Back-up 
pilot” that 
must bring 
aircraft in 
safely if 
something 
goes wrong 
with 
Operational 
pilot  

Monitors 
aircraft 
(autonomous) 
with Laptop 
Control   

 
The following personnel are needed to operate one UAV: The Operational Pilot is one of 

the more important roles, “controlling” the UAV. Because the UAV is autonomous, the 

Operational Pilot’s job is to monitor the aircraft and make sure that everything looks fine with the 

aircraft. He will also have to deal with any potential malfunctions and disconnections, and fix the 

problem. The Safety Pilot makes sure that the pilot is monitoring correctly and fills in/assists if 

the Operational Pilot becomes incapacitated, or if the aircraft experiences a sudden loss of 

control. The operational pilot and the safety pilot are both also required by FAA regulations. The 

Range Safety Technician/Maintenance troubleshoots and maintains the aircraft, and deals with 

the communication concerning the flight. He would fix the UAV if there were any issues with it, 

and moves the UAV around with the assistance of the Launch and Recovery Assistant. The 

Range Safety Technician needs to keep the aircraft within sight, as required by FAA regulations. 

While the number of personnel was not reduced, the feasibility of the new personnel setup is far 

higher. The Launch and Recovery Assistant will be needed to help the range safety technician 

move the UAV and drive the van to follow the UAV.  

In addition to the field team, we also need two Data Analysts. They are needed because 

we need to analyze the data for two different aspects: gauging the overall health of the corn and 

detecting the presence of RFP (thus indicating the presence of Corn Borers). This will be done 
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at the same time on two different computers. The entire flight would return 294 frames, or about 

35 gigabytes (see Section 3.3.6). After talking with people who have real world experience with 

this type of precision agriculture, we arrived at a data analysis time of about 98 hours. Two Data 

Analysts help cut down on the time it would take for just one to analyze the data , and one is 

needed for each type of data that we will be collecting. The Challenge requests that multiple 

types of data be collected, and as a result data on the general health of the corn was also 

chosen to be detected as an additional function that the UAV can perform. This can easily be 

accomplished by detecting the shade of green on the plants. This also won’t require more 

flyovers, and allows us to highlight areas of the field showing signs of low health (as indicated 

by the shade of green). This data would be given to the farmer, enabling the farmer to deal 

problem areas of the crop, providing a second service.  

2.3 System and Operational Considerations 
There were several limitations that we had to work around while designing a solution for 

this year’s National Challenge. While considering concepts for detailed design, the ‘Blane’ 

concept had to be discarded due to the fact that for it to be effective, it would have fly at a very 

high altitude with a high-resolution sensor. While this is a plausible solution because of its 

efficiency and cheap cost, FAA Altitude Restrictions forced us to scrap the idea. Our final design 

submission also is impacted from this restriction, as the sensor that it carries is most effective 

above 1000 ft, which would further reduce the time taken for the full scan of the field. This 

creates a domino effect; less time required means that a smaller battery can be fitted, meaning 

less weight, allowing us to fly faster, and so on. At the same time, less time at the field means 

less money spent on employee salaries, which means less money that the farmer has to spend. 

Another restriction would be the requirement to maintain line-of-sight contact with the 

UAV, forcing us to follow the UAV along a network of roads through the fields. While the field 

that we were assigned allows us to do so with plenty of roads crossing through the field, it may 

prove to be a problem if in the future we have to scan a field without such roads. If FAA 

regulations change so that line-of-sight is no longer required, we could keep the Ground station 

at a stationary location, and have the UAV fly its flight-path on its own, with the pilot monitoring 

telemetry. This would allow us to fit longer range transceivers, and increase the range of the 

UAV. 

A tradeoff was the car-top launcher. It was selected as it is a cheap and simple 

alternative to a pneumatic launcher. However, while we can place the pneumatic launcher 

anywhere and in any direction, the car-top launcher is limited in the placement of the roads 
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around the launch area. It is also restricted by any obstacles that are located nearby, such as 

power lines, buildings, trees, etc. which can obstruct the UAV during its climb.   

A design consideration that we had to make was that there was no way to calculate the 

actual drag that the UAV was producing without extensive CFD work, which we did not know 

how to implement or analyse. Thus, we calculated an approximate number using the equation 

Drag(lbs)=Cd*Area*(.5*Density*Velocity2) and added 20% to account for drag we couldn’t 

calculate, such as skin drag, interference drag, cooling drag, etc.   

 
2.4 Updated Component and Complete Flight Vehicle Weight and 
Balance 
Weight Calculations: 

By utilizing the CompGeom feature in OpenVSP, the volume of every component of the UAV 

can be calculated. Knowing the density of the materials that the sections are made of, the mass 

can be calculated using the formula mass=density*volume. 

Wing: 1.3 EPP Foam 

 Volume = 0.062536 ft3, Density =1.3 lbs/ft3 

 Weight (lbs)=0.062536*1.3*2(Pair of wings)=0.08130 lbs 

Fuselage: 1.9 EPP Foam 

Volume =Fuselage Volume-Internal Component cavity=0.261851-0.145191=0.1167 

ft3Density = 1.9 lbs/ft3 

Accounting for internal structure, and glue, 1 lb can be added to the total weight of the 

fuselage.   

Weight =(0.1167*1.9)+1=1.3217 lbs  

Rudder: 1.9 EPP Foam 

 Volume = 0.002378 ft3, Density =1.9 lbs/ft3 

 Weight (lbs)=0.002378*1.9*2(Pair of rudders)=0.009 lbs 

Duct: ABS Plastic 

 Volume = 0.005957 ft3, Density =67.4311 lbs/ft3 

 Weight (lbs)=0.005957*67.4311=0.4017 lbs 
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Wingtips: ABS Plastic 

 Volume = 0.002891 ft3, Density =67.4311 lbs/ft3 

 Weight (lbs)=0.002891*67.4311*2(Pair of wingtips)=0.3899 lbs 

Total Material Weight: 

 Total =2.2849lbs 

Total Gross Takeoff Weight:  

 Total Material Weight +Total Component Weight=Gross Weight 

 Gross Weight =2.3849+6.709=9.0939 lbs 

 Total Gross weight is approximately 9 lbs 

Center of gravity was calculated using the given weight and balance worksheet. 
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2.5 Updated Design Analysis 
Aircraft  

1. The airframe must withstand anticipated aerodynamic flight loads throughout the 

complete range of maneuvers anticipated within the approved flight envelope with an 

appropriate margin of safety (+6/-4g’s ultimate load) 

• The airframe is made of 6mm carbon fibre rod, with ABS support structure. Carbon fibre 

of that thickness has been shown to have an ultimate load of ~35 lbs. Hence, with 4 

spars total, ultimate load is ~140 lbs. Thus, with a aircraft gross weight of 9 lbs, +6g = 54 

lbs of force, well within the loads that the spars can bear with a safety factor of over 2x.   

2. The propulsion system must provide reliable and sufficient power to takeoff, climb, and   

maintain flight at all expected application altitudes and environmental conditions 

• The Eflite Power 32 Brushless Outrunner Motor that we are using has a maximum power 

output of 600W continuously. Thus, it can easily  provide enough power for all the 

expected altitudes and conditions, even for mild acrobatic flight. 

3. The UAV must safely and expeditiously respond to pilot commands necessary to avoid 

conflict or collision with other aircraft or ground obstructions. 

• By using a transceiver from the RWDC catalogue, this criteria is fulfilled. 

4. Air vehicle Element/UAV maximum gross weight (fully loaded) should not exceed 

1320lbs.  

• As calculated in section 2.4, total gross weight of the UAV is ~9 lbs. 

2.6 Updated Operational Maneuver Analysis 
For the detection plan that we designed for the Nation Challenge solution, the UAV is 

required to fly level at 1000 ft and fly point-to-point along a predetermined flight path using its 

GPS navigation. Due to the fact that our footprint is so large, the distances between rows is very 

large, allowing us to make turns that have a very large radius. For example, at 1000 ft, the 

centripetal acceleration would be: 

Footprint width: 2,000 ft / Footprint length: 1,333 ft 

Gs required to make the turn: 0.1069 

 

Thus, the maneuvers required for the flight path are very gentle and the airframe can take the 

stress very easily. 
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2.7 Updated CAD models 
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Side (left) 
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2.8 Updated Three View of Final Design 

 
Top 

 
Side (right) 
 

 
 
Back 
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3.0 Mission Plan 
3.1 Precision Agriculture Crop Sensing Pattern 

The most important considerations for our flight pattern, and for most other flight 

patterns, are speed and mission accomplishment. We quickly decided that simple was better, 

because a more complex flight plan would increase time spent both flying and programming the 

autopilot. Also, the pattern had to be linear, as the photos would have to be georeferenced and 

in a grid format. We started off by considering the simple grid pattern used by most geomapping 

and search and rescue operations: 

 

 
Figure 1 – Grid Search Pattern Diagram 

We also considered a spiral pattern: 

 
Figure 2 – Spiral Search Pattern Diagram 

We quickly realized that the spiral pattern had no real advantages. It was more 

complicated, which meant more turns (and thus increased time) for the UAV and problems 

stitching the photos. We would also have to fly either to the center of the field or out of the 

center of the field, increasing our distance travelled.  

 As a result, we decided to stay with the grid search pattern. We also decided we needed 

an overlap of 50 feet, just to make sure our stitching software could recognize where the photos 
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aligned. Our footprint would be 2,000 feet wide by 1,333 feet long. This meant we could cover a 

lot of ground per frame, which was ideal because we can fly a shorter distance at a higher 

altitude, cutting down time in the air. Our rows would be 1,950 feet apart, meaning for the entire 

25 square mile field we only needed 14 rows and 13 turns. We also calculated that our lateral 

acceleration during our turns would be only 1.1069. Overall, our time would be only 1.94 hours.  

 This is the custom spreadsheet we used to calculate most of the figures: 

 

 
Figure 3 – Distance & Time Calculation Table 

 We decided to fly the UAV at a speed of 40 miles per hour. It provided a compromise 

between a long range and a short mission time. Even with this time, however, we decided to 

land before completing the second half of the field. We probably could have continued, as we 

calculated an endurance of about 2 hours, but with factors such as weather conditions and 

safety margins in case things go wrong, it wouldn’t be safe to fly our 1 hour 56 minute flight 

plan. We also considered a speed of 60MPH, but this would have made us land several times, 

and was not worth the increased speed. As a result we were required to split our flight plan in 

half into two legs, the first leg being 44.165 miles and the second being 32.975 miles. Using 



51 
 

simple speed/distance calculations, we found the first leg to be 1 hour and 6 minutes and the 

second leg to take 49 minutes.  

 We tried to minimize our time on the ground. To accomplish this goal, we made the 

landing only a quick pit stop to swap batteries. We would have a second battery fully charged 

and ready to go. We estimate it would take only about 15 minutes, because our flight plan takes 

us directly to the landing zone (no need to make a detour flight out of the center of the field). 

This brings our total flight time to 2 hours and 5 minutes. Our number of turns would be 

decreased, because we’d be skipping one with the landing, bringing our total number of turns to 

12. Our number of rows would stay the same.  

 The final flight plan would look like this: 

 

 
Figure 4 – Final Flight Plan 

3.2 Legal/Regulatory Requirements 
For this challenge, we will be applying for a 21.17b (special class) type certificate and a 

21.183 standard airworthiness certificate (special class).  
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The 21.17b type certificate for a special class of aircraft was chosen because 

airworthiness standards have not been issued for UAVs. We will also apply for a production 

certificate so we will be able to produce multiple aircraft as our business grows. Getting the 

production certificate would allow us to produce multiple copies of the aircraft in the same 

configuration.  

In the interim, we will also apply for a special airworthiness certificate in the experimental 

category to conduct research and development flights, train our crews, and perform sales 

demonstrations. To receive the special airworthiness certificate, we would have to demonstrate 

safety measures to show that a fly-away/lost link situation is extremely unlikely. The aircraft 

would need to meet the safety requirements set by the FAA. For example, our redundant 

autopilot system has two modes of operation; inertial and GPS, both of which would track the 

UAV’s position. The inertial sensor would track the UAV relative to the point at which it was 

initialized and the GPS would keep track of position using GPS triangulation. If one were to fail, 

the other system would take over and guide the UAV back to the initial point over the ground 

station. The ground controller would then either take manual control of the UAV, or the ground 

controller would attempt to troubleshoot the problem. If a loss-of-link was to occur, the autopilot 

would guide the UAV back over the ground station and would be capable of landing itself at a 

predetermined location if necessary. We have similar backups for our sensors, and transmitters, 

and even a battery bypass in case of power failure so that we can maintain situational 

awareness and maintain control of the UAV at all times. Control of the UAV can also be 

switched away from the autopilot to the ground controller at any time. We strongly believe that 

these measures are sufficient to prove that it is extremely unlikely for our UAV to crash or 

otherwise damage property.  

The plot of land given in this challenge poses unique barriers. There is an airport 

situated near the field. Current regulations state that we cannot fly within 5nm of an airport 

unless the operator of the UAV has specific ATC approval. To obtain this approval, we must 

submit the full specifications for our aircraft, including information on size, speed, payload, 

expected altitude, duration of flight, location, lost link, flight termination procedures, etc. If our 

operations do not conflict with operations at the airport, ATC should approve our design and a 

NOTAM will likely be published to notify pilots in the area about our UAV.  

The group is also aiming for a high flight altitude so we can cover more ground in less 

time with the UAV. The UAV should also be permitted to fly at 1,000ft  AGL because most 

manned aerial vehicles will be flying above 1,000ft. other than landing and taking off. If we can 
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propose that we monitor crops with the UAV at or below 1,000ft. AGL and provide justification, 

then the FAA would likely permit us to fly that high.   

 
3.3 System Detection and Identification 
3.3.1 European Corn Borers   

Invasive species are a disastrous problem for agriculture right now. They cause an 

annual $137 billion in economic losses in the United States. These species ravage agricultural 

states such as Iowa. While many invasive species exist in Iowa, the focus for this challenge is 

the Ostrinia nubilalis, also known as the European Corn Borer. It is a pest native to Europe, 

introduced to the United States in 1909 and has since spread across nearly the entire country. 

They feed on a multitude of different plant species, but corn is its preferred food source. The 

number of generations of Borer per growing season increases from North to South. In the North, 

there is only one generation of Borer in each growing season. In the mid-Atlantic States there 

are two; in the upper-Southern States, 3; and in the lower Southern States, 4. In Iowa, the Corn 

Borer has two generations during the growing season. 

 
http://www.ent.iastate.edu/pest/cornborer/files/images/fig1-140.png 

Figure 5 – Generation Map of Corn Borers 

Corn can be damaged by various degrees, so an important factor to consider is that a 

corn plant’s ability to withstand stress varies depending on the current growth stage. Therefore, 

the stage at which it is attacked by the Borer determines the plant’s ability to cope with the 

feeding. According to Iowa State University, “Larvae that initiate feeding earlier in a plant’s 

development (i.e., 10-leaf or mid-whorl stage) have a greater potential to cause yield reduction 
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than those that initiate feeding near to physiological maturity (i.e., dough stage) of the corn 

plant.”  

During whorl stages of corn growth, there is a 5-6 percent loss in corn yield for each 

larva per plant. During ear development stages, the loss per larva per plant is about 2-4 percent. 

Moreover, damage and yield loss can result from a multitude of actions performed by the 

Borers, including leaf feeding, midrib feeding, stalk tunneling, leaf sheath/collar feeding, and ear 

damage. These can all cause poor ear development, broken stalks, and dropped ears. The 

following table shows corn yield loss caused by European Corn Borer larvae and economic 

injury level for the numerous corn growth stages: 

 
Figure 6 – Percent Crop Loss to Corn Borer 

During its lifetime, a European Corn Borer goes through four stages of development: 

egg, larva, pupa and adult. These stages make up one generation. The larva stage also 

undergoes five stages of development known as instars. Even at their largest, Corn Borers are 

very small. Their average sizes through each stage are 1.6, 4.7, 12.5, 14.5, and 19.9 mm, 

respectively. 

During the fifth and last instar, the larvae either prepare to pupate and move on to 

become adults, or enter diapause first, a delay or suspension of development usually caused by 

environmental conditions. Diapause is comparable to the hibernation of animals. The Borers 

spend the winter inside of the stalks of dead corn from that season. Corn Borers in Iowa emerge 

from diapause around the last week of May. They finish development by becoming moths, 

which reside in grass fields around corn fields during the day. At dusk, they fly over the field and 

lay their eggs on the undersides of corn leaves. The moths will fly as far as five miles to find an 

ideal place to lay their eggs, and lay 15-20 eggs on each plant that they infect. At that time, the 

corn is in whorl stage. Scientists have not yet discovered how Corn Borers select which corn to 
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attack, but it is believed to be through smell or chemical cues. Once borers hatch, they 

immediately begin to feed on the corn. 

The second generation of Corn Borers starts to appear during the last two weeks of July. 

The first generation, which is now in the moth stage, comes out at night to lay eggs. While the 

first generation is attracted to the tallest plants, the second generation decides whether or not to 

lay eggs based on the tassels of the corn plants. Green tassels show that the corn is healthier. 

Yellow, dead tassels show that the corn is older and less healthy. Therefore, the borers attack 

the corn that still has green tassels. This second generation pauses in the maturation process 

for diapause.  

Throughout the year, Borers eat different parts of the corn plant. Immediately after 

hatching, they eat the leaves. At this point, the Borers are so small that as they feed, they do not 

bite all the way through the leaf and eat only the top layer that exposes a blue membrane. This 

membrane is known as the windowpane effect. Then, Borers grow to a size where they can eat 

through the leaves completely. The marks left by the Borers at this stage are called “shot holes,” 

which can be as large as BB’s. After feeding on leaves, Borers will move onto the rest of the 

plant including the stalks and ears. While Borers feed, they leave a saliva residue on the plant.  

3.3.1.1 Bt Corn 
Bt-corn is a GMO that is created in a laboratory by artificially implanting small amounts 

of genetic data into the corn through molecular techniques. Corn has been modified in the past 

to be more pest resistant, able to handle harsh pesticide applications, and require less water. 

Bt- corn can also contain a toxin-producing gene from the Bacillus thuringiensis (a soil-dwelling 

bacteria species). This toxin, called the “delta endotoxin,” will paralyze the digestive system of 

and potentially kill insects that ingest it. The toxin is supposedly not harmful to humans because 

the delta endotoxin affects only certain insect species. While this number of susceptible species 

is slim, it is still significant, mostly targeting caterpillar species. 

 

 

3.3.2 Viability of State Solution 
After completing the State Challenge, our detection plan was revisited and major issues 

were discovered in our state report. Originally, research indicated that “windowpanes” are 

created by insects on corn leaves, which is when the outer layers of the leaves are eaten and 

only a blue membrane is left behind. Our State Challenge plan was thus based on this concept, 

and it was determined that a camera attached to the UAV would be calibrated to detect the blue 

color of the windowpanes shown in Figure 7.  
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http://www.ent.iastate.edu/pest/cornborer/first-stage-larva-and-window-pane-injury  

Figure 7 – Window Pane Effect 

The issue with this solution is that the average size of these windowpanes is 

approximately 4.34 mm. The European Corn Borer larvae themselves are larger at an average 

of 15-25 mm in length. A resolution of 137 pixels per square inch would be needed to accurately 

detect the windowpanes on the leaves; the X5000, the highest resolution camera available 

among the options established by  the Challenge, only gets 3.78 pixels per square inch at 100 

feet.  

When the National Challenge was released, we learned that we had the option to 

choose our own camera, which would give us the ability to detect the windowpanes. Our 

calculations revealed that the solution would require one of the highest-resolution cameras 

commercially available today: the Hasselblad H5D-60 (equipped with a 60 megapixel medium-

format sensor). Even with the resolution of the Hasselblad H5D-60, our setup would be barely 

sufficient to detect the windowpanes, and we would have to fly at 112 feet with a 35 mm lens. 

The Hasselblad can cost upwards of $45,000, and additionally it would take 50 hours and 21 

minutes to fly over and detect the entire 25 square-mile field. 

If we were to use the Hasselblad along with our plane, the total cost of the plane and 

camera would rise to $60,000. In addition, the operating cost for one mission would cost about 

$26,775, because we would be paying our whole ground crew a total of $525/hour. The total 

cost of this method would amount to $86,775 for a single mission. As a result, this solution 

would be much too expensive. The solution with the Hasselblad camera would cost 818% more 

than the solution involving the X5000 camera. The solution would also require substantially 

higher “hidden” costs because of the time to survey the whole field. This would mean higher 

http://www.ent.iastate.edu/pest/cornborer/first-stage-larva-and-window-pane-injury
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maintenance costs (battery replacements, aircraft maintenance, etc.) Due to all of these factors, 

detecting Corn Borers based on the presence of windowpanes would not be cost effective. It 

was realistically impossible to detect the windowpanes with the cameras that were available in 

the State Challenge or with any commercially available camera. 

Multiple UAVs were also considered and would decrease the operational time and costs 

in half. However, the extra cost of $60,000 for the additional Hasselblad equipped UAV causes 

multiple UAVs to not be a cost-efficient course of action. More UAVs would only increase the 

expenses for our mission and thus the concept of using multiple UAVs was deemed inefficient.  

Overall the team quickly concluded that the windowpane solution to the State Challenge 

was not viable, and the idea was scrapped. After reassessments and heavy revisions, the state 

solution was overhauled to account for new information regarding the detection plan. The team 

decided to return to the drawing board and developed a new, innovative, solution that exceeded 

the requirements of the challenge. 

3.3.3 Reaching a New Solution 
After winning the State Challenge, our team had the opportunity to reevaluate our 

detection plan. We concluded that our detection plan was unrealistic (Refer to 3.3.2), and began 

to overhaul it. After speaking with Dr. John Tooker of Pennsylvania State University, the team 

began looking for an alternative and viable solution to detect the Corn Borers. During the 

summer, we considered using a decoy plant that could attract and kill off all of the Corn Borers, 

thus eliminating the problem for the entire growing season. However, this plan did not 

incorporate the aerial element of the challenge, and was moreover neither realistic nor reliable. 

Incorporating a plant that kills Corn Borers into a crop field causes many concerns regarding the 

safety of consumers, mainly because the decoy plant could be mixed with the regular corn and 

ingested by accident. For these reasons we concluded that this plan would not be feasible.  

During preliminary research on Corn Borers (Refer to 3.3.3.1), we became aware of the 

existence of Green Fluorescent Protein (GFP), a protein can indicate plant health. This protein 

can be incorporated into plants through genetic modification, causing them to emit a fluorescent 

green color. Through genetic modification, we can link GFP to the genes in a plant that reacts 

with physical stress. This creates a plant that, when exposed to physical stress, emits a 

fluorescent green color. European Corn Borers could feed on our decoy plants and thus 

fluoresce them, indicating their location. We chose green beans for the “decoys” because of 

their role as a companion plant to corn. Companion plants provide additional nutrients and 

advantages to their sister plant and increase yield. After the plant emits the fluorescent green 

color, our UAV could easily detect areas of the field that were infested by detecting the green 
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regions of the field. But after much research, this concept also turned out to also be unrealistic. 

The collected data wouldn’t be specific to Corn Borers, because any health issue in or 

disturbance to the plants would cause the color of the decoy beans to change. Any event of 

animals feeding on the plants or stalks breaking would also cause our corn to fluoresce and the 

results would include a lot of false positives. 

In addition, our plant choice wasn’t realistic. Using green beans would require a different 

seeder than one used for corn, which means that either we or our customer would have to 

purchase a new seeder. Also, another major flaw was that the field would be dominantly green 

because corn and several other plants in the field naturally produce GFP. This meant that GFP 

would not stand out enough to distinguish between different plants. Most importantly, green 

beans are also not as attractive as corn to Corn Borers. This meant that the Corn Borer would 

prefer to feed on the corn rather than our decoy plant, which was a major flaw.  

Thus, we reached the conclusion to use modified corn as an indicator plant. We decided 

to change the term “decoy” to “indicator” because we decided to switch from green beans to 

corn, and to place more of an emphasis on detection. European Corn Borers get their name 

because corn is their main source of food and nourishment for them, making corn the optimal 

plant over any other plant species that we could use as an indicator plant. Dr. Kan Wang, 

Director of Plant Transformation at Iowa State University, advised that our team use Red 

Fluorescent Protein (RFP) instead of GFP because corn produces GFP naturally (Refer to 

3.3.4.1).  

In addition, Dr. Thomas Sappington of Iowa State University suggested that we modify 

our corn to only exhibit RFP when in contact with Corn Borer saliva. This would ensure that 

other insects would not disturb the process. Also, the indicator corn would have an extremely 

short growing season so that it could die off before the main corn is harvested, which would 

ensure that none of the indicator corn would get mixed with the commercial corn crop. Due to 

our indicator corn having an extremely short growing season, it would sprout earlier than the 

commercial corn as well. This modification would ensure that our indicator corn becomes the 

earliest source of food available and thus be the most attractive source of food for the Corn 

Borers (over the commercial corn). 

Another concern we came upon in our research was the possibility of BT, planted in 

adjacent fields, cross pollinating with the commercial corn our customer would plant. This 

problem would be especially evident within our clients who plant organic corn. To counteract 

this, Dr. Kan Wang of Iowa State suggested to us to perform male sterility on the corn.  
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Dr. Wang, who specializes in the genetic modification of corn, soybeans and rice, 

verified that all of these modifications were possible and have been performed before on corn. 

However, while these modifications (shorter growing season, RFP, male sterility) have each 

been employed individually, they have never been done together.  

 
3.3.4 Detection vs. Identification 

Detecting invasive species is usually a multi-step process. It is necessary to fly the UAV 

at least two times over the target area; the first time is to detect the areas that might be infested 

and the second to identify exactly where the borers are located. Even with this two step 

verification, the data collected will still be inaccurate due to the difficulty of detecting via UAV. 

Our plan condenses this two-step process into one step and provides more accurate data. The 

indicator corn fluoresces the areas of the field where Borers are, and then our UAV identifies 

exactly where the borers are attacking by collecting these data. The first part of our process is 

taken care of at the beginning of the season, before borers attack the corn. Then when the time 

comes to identify, our process allows us to present farmers with the data within a much shorter 

time frame.  

Along with detecting the presence of European Corn Borers, our system will also allow 

farmers to monitor their plant health using the Normalized Difference Vegetation Index (NDVI). 

With this, we can provide farmers with information that indicates potential nitrogen and water 

deficiencies in their field. Then, not only do we significantly reduce the use of pesticides on 

crops, but also the losses due to the European Corn Borers and various plant deficiencies while 

also maintaining a large client-base.  

3.3.4.1 Red Fluorescent Protein 
For our plan, we will modify our Indicator Corn to exhibit mCherry, a specific version of 

RFP. We chose the Red Fluorescent Protein as opposed to Green Fluorescent Protein because 

corn plants produce GFP naturally during their growth, so red will be a foreign color. Red will be 

extremely conspicuous because the color red is the direct opposite of green. 

mCherry is a monomeric fluorescent construct with a peak absorption at 587 nm 

emission at 610 nm, which is within the visible spectrum. mCherry also has four primary benefits 

that set it apart from other RFPs. First, mCherry’s resistance to photobleaching and its stability 

as a protein compared to other red proteins are huge benefits. It is very photostable (resistant to 

sunlight), meaning it won’t be negatively impacted by the large amounts of sunlight the corn 

plants will encounter. Second, it matures quickly, with a t0.5 of 15 minutes, allowing it to be 

visualized soon after it is translated. Third, mCherry is more easily added to an organism during 
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genetic modification because it has a comparatively simple monomer configuration, denoted by 

the “m” before “Cherry.” Fourth, mCherry has a relatively lower molecular weight than other 

fluorescent proteins meaning it won’t interfere with protein function.  

 
3.3.5 Detection Plan 

Instead of utilizing just a UAV to detect European Corn Borers, our team will also use 

genetically modified corn by planting one “indicator” corn plant in the field for every 420 

commercial corn plants. Each genetically modified corn plant will be modified in a few different 

ways to assist in its detection. First, we will modify the corn to have a shorter growing 

season.  This means that our corn will sprout earlier than the commercial corn. This will also 

ensure that the indicator corn will die off before the commercial corn is harvested, so that no 

indicator corn will be accidently harvested for commercial distribution. The indicator plant will 

also have male sterility in order to prevent any cross-pollination between the indicator plant and 

commercial plants. Finally, the corn will contain RFP, which that will be triggered only when it 

comes in contact with Corn Borer saliva, causing the corn to turn red. Our UAV will then easily 

detect the red color, providing an indicator for the proximity in which the European Corn Borers 

are present. These modifications will allow for successful and viable detection of the Borer.  

3.3.5.1 Planting Method 
 The commercial corn (that which the farmer will sell) will be planted in the standard row 

configuration with the rows separated by 30 inches, and the individual plants within the rows 

separated by 3”. 

In making one pass down the field, the planter plants 15 rows of commercial corn (see 

Figure 10). Essentially, these 15 rows are being divided into 3 sets of 5 rows. In the two 30 inch 

spaces between each of these three sets, a row of indicator corn will be planted. These means 

that there will be 15 inches between each indicator row and each adjacent commercial corn row 

on each side. Therefore, the indicator corn will be planted in a “narrow row” configuration, which 

features planting rows of corn 15 inches apart instead of the typical 30 inches. This allows 

farmers to use plating equipment they already own instead of needing to acquire any special 

equipment. Every indicator plant will be spaced 14 feet away from each other within their row. 

This means that there will be one indicator plant every 14 feet x 15 feet.  
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The task will be carried out by a planter that is set up for this task in the configuration 

imaged in Figure 8. The 14 feet of space between every indicator plant is achieved by utilizing 

custom seed plates. These plates spin and allow seeds to fall out of their hopper at set intervals. 

We would buy a blank plate and customize it and its RPM to achieve a 14 feet separation. 

http://growingfortomorrow.files.wordpress.com/2012/05/dscf2891.jpg 
Figure 8 – Tractor Setup 

 

 
Figure 9 – Aerial View Tractor Setup Diagram 
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Figure 10 – Passes of Corn Planter 

3.3.5.2 Determining the Corn-Indicator Ratio 
Due to the large size of our target field, we had to decide upon a ratio of indicator corn to 

commercial corn that would allow for full coverage of the field without having to plant enormous 

amounts of indicator corn. With considerations for the accuracy of pesticide application and the 

resolution of our camera we started running calculations. According to these calculations, a 10’ 

x 10’ plot contains 160 plants, a 14’ x 15’ plot contains 420 corn plants, a 20’ x 20’ plot contains 

640 plants. We decided on placing a single indicator plant within the 14’ x 15’ plot because our 

calculations suggested this would be the optimal choice for a balance between coverage and 

high ratio. 
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Figure 11 – Sample Plot with Indicator Plant Diagram 

3.3.5.3 Determining Primary Commercial Corn Variety 
Utilizing our method of detection allows for a straightforward and economical switch into 

using organic corn as our customer’s commercial corn. Implementing our plan into an organic 

corn field optimizes the profitability of our plan by taking advantage of the 400% value of organic 

corn over non-organic corn. Farmers that grow organic corn must fully cover their field with 

organic pesticide to provide their plants protection from pests. Our plan offers an 85% reduction 

in pesticide usage, which because of the increased use of pesticides needed for an organic field 

makes an organic farming more suited to our plan. Organic corn would be most profitable to 

plant because the indicator corn plan provides the same amount of protection to both Bt and 

organic corn, while organic sells for a lot more and are cheaper to plant. Organic corn is also 

patent-less, and companies selling it don’t require contracts or the burning of extra seeds, unlike 

Bt corn. This makes organic corn much more convenient and profitable corn than Bt for the 

farmer, and our company can make a greater profit off of organic as well.  
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3.3.5.3.1 Secondary Commercial Corn Variety 
In order to maintain a large customer base, our company will still provide our services to 

farmers planting Bt corn. While Bt corn farmers might not save as much and is less profitable for 

us to work for, they can still save money, and our company can still make a profit working with 

them. The farmers just make less profit because Bt corn has a significantly lower market price, 

and already protects against pests. This means that Bt farmers don’t have to apply as many 

rounds of pesticides. If we tell them where the Corn Borers are, this allows for the reduction of 

pesticides. The plan is still viable for Bt farmers, however there is less profit for both the farmer 

and our company.  

3.3.5.4 Bt Corn Compared to Our Indicator Corn 
Bt corn is a GMO corn variety that in addition to pesticide application, is the most widely 

used treatment for corn pests. Bt corn, for these reasons, is our biggest competition in the Corn 

Borer treatment market. The two primary reasons farmers grow Bt Corn are protection from 

pests and tolerance to pesticides. This allows for reduced pesticide usage, and allows for 

harsher pesticides to be used on the corn. These farmers still apply pesticides to their crop, just 

less often than organic or non-Bt farmers. The toxin in Bt Corn is produced by Bacillus 

thuringiensis, a soil-dwelling bacteria. This toxin, named the Delta endotoxin, has insecticidal 

properties that are especially effective against corn pests. Genetically modifying this toxin into 

corn, is an inorganic process, which causes Bt corn to be an inorganic crop. Applying Bacillus 

thuringiensis to crops as a pesticide is considered organic, though, because Bt is a naturally 

occurring bacteria. Even when using Bt Corn, farmers are unable to use precision agriculture 

because they are unable to determine which parts of the fields are infested. Our indicator corn 

highlights areas infested and cuts down on pesticide usage in general, and reduces the need for 

farmers to use Bt Corn, saving money in that field as well. Farmers using our plan over Bt corn 

save money in two factors, as opposed to the one that Bt corn saves money in, making our plan 

more efficient and cost effective. 

 
3.3.6 Data Analysis and Presentation 

In terms of storage space and data, we calculated our approximate image size by 

multiplying our resolution by 24 (24 bit color, uncompressed). This gives us the total bits per 

image, which came out to be 108.457. Since we’re taking 294 images per field (refer to 3.1), this 

would mean 31,886.358 bits in total, or about 31.889 gigabytes. Factoring in the other data 

associated with the pictures besides color (such as GPS coordinates), we estimate the total size 

would be around 35 gigabytes. We estimate that the process of data analysis will take 94 hours. 
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After our data has been collected and processed via the Agisoft software, the only step 

that remains is to present it to the client. One of the data analysts will return back to the site with 

the collected data and present it to the client. The data analyst will present the client with large 

printouts of the orthophotos, the process report, and the digital elevation model (DEM). The data 

analyst will state his conclusion on where pesticides should be placed along with a full report 

of  plant health. This procedure will allow us to build strong relations with our clients which is 

crucial if we are to grow as a company. It is also important that the client understands what the 

data means in order to accurately apply pesticides. These documents will be additionally useful 

to the client because they contain information about plant health, the presence of Corn Borers, 

terrain data, and a general overhead view of the farm.  

3.3.6.1 Numbers for Detection via Indicator Plant 
We developed a spreadsheet to calculate the time of flight of a UAV by entering 25 

square miles and pixels per square foot (our resolution). This calculation utilizes the footprint of 

the camera (via the field of view) in order to calculate our flight time. We would get the total 

resolution by multiplying the X resolution by the Y resolution and then dividing the total 

resolution by the camera footprint to give the pixels per square foot.  

 
Figure 12 – Resolution vs. Altitude Graph 

 As you can see, as altitude increases the change in pixels per square inch is reduced. 

On the other hand the higher our UAV operates, the quicker we can survey the field. We 

calculated that we needed at least one pixel per square foot to detect our indicator plant. 
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However, three or four pixels per square foot would provide optimal accuracy. We optimized the 

altitude-pixel per square inch ratio so we could shorten the time of flight while still providing 

accurate detection.  

 After speaking with Thomas Rampulla (FAA) we found that we could bypass the 700 feet 

altitude restriction provided in the challenge by using special flight clearance applications. Our 

UAV requires a resolution of 7 pixels per square foot in order to detect our indicator plant.  This 

means that our operation can occur at over 1,200 feet and still have accurate detection. 

However it is unlikely we could get clearance to go over 1,000 feet due to current FAA 

regulations, because most manned commercial operations take place over 1,000 feet. Thus our 

operation is limited to below 1,000 feet, which would provide us with 13.552 pixels per square 

foot allowing for a large margin of error and accurate detection.  

 
3.3.7 Optimal Period to Detect Corn Borer Activity 

In order to get the best results from our plan, the time at when we perform our detection 

via UAV had to be carefully calculated each growing season. This allows for targeted pesticide 

application to consistently occur within the optimal 10-14 days after egg hatching time window, 

with maximum impact. 

3.3.7.1 Corn Growing Degree Days 
In order to determine the date at which we fly over the field with our UAV, we utilize corn 

growing degree days (GDD).  For corn plants (almost all other plants as well), life cycle 

development is strongly related to the accumulation of heat or temperature units above a 

threshold, below which little growth occurs. This lower threshold temperature varies, but 

scientists have determined the lower base temperature for corn is 50 °F (10 °C). There is also 

an upper threshold temperature, above which conditions are stressful to the corn plants. The 

upper limit for corn is 86 °F (30 °C). Accumulations of degree-days are started arbitrarily after 

January 1st of each year whenever the 50 °F (or 10 °C) threshold occurs. Corn growing degree 

days (GDD) are calculated by subtracting the plant's lower base or threshold temperature of 50 

°F (10 °C) from the average daily air temperature in °F or °C. Average daily air temperature is 

calculated by averaging the daily maximum and minimum air temperatures measured in any 24-

hour period. All daily data are based on a midnight to midnight (Central Standard Time) 24-hour 

calendar day. The formula is setup as follows: 

 

The Daily Average Temp (°F) = (Daily Max Temp °F + Daily Min Temp °F) / 2 

then: 
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Daily Corn GDD (°F) = Daily Average Temperature °F - 50 °F 

 

Constraints on maximum and minimum temperatures are used to eliminate the effect of low or 

high temperatures that prevent or retard growth. For corn these constraints are: 

 

If the daily Max and/or Min Temp < 50 °F (10 °C), it's set equal to 50 °F (10 °C). 

and: 

If the daily Max Temperature > 86 °F (30 °C), it's set equal to 86 °F (30 °C). 

 

Our company would create a simple JavaScript form allowing the farmer to input daily 

maximum temperature and daily minimum temperature. This form would calculate the GDD 

units and alert us when we reach the three GDD unit thresholds specified in section 3.3.7.2. 

3.3.7.2 Applying GDD Units 
One can predict European Corn Borer biological events by using these degree day units. 

Insects are cold-blooded, therefore degree-days can be used to quantify their physiological 

development. Corn Borers also heavily rely on the physiological development of the corn crop, 

which can be quantifiable by GDD as well. Once a minimum temperature of 50 degrees 

Fahrenheit is reached, the larva pupates, and the adult moth emerges soon after. Starting from 

January 1st of each year, Corn Borer moths appear after 447-491 GDD units have been 

accumulated (Figure 13).  

 

 
http://www.ent.iastate.edu/pest/cornborer/european-corn-borer-moth-flights 

Figure 13 – Degree Days vs. Moths per Night Graph 

http://www.ent.iastate.edu/pest/cornborer/european-corn-borer-moth-flights
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Starting from the date at which the first Corn Borer moth appears, 212 GDD will be 

accumulated before the larva hatch. (Figure 14) At this point we will perform our primary fly 

within 6 days or less after the 212 GDD units have been accumulated. Simply said, we perform 

our first fly over after 659-703 GDD units have been accumulated starting January 1st. Data 

analysis will take approximately 4 days from the date we perform our fly over to the date at 

which the farmer is presented with this data. This leaves the farmer with 4 days to take 

advantage of this information, and apply pesticide during the 10-14 days after egg hatching 

window. This 10-14 days after hatching window is the time in which pesticides have maximum 

effectiveness against Corn Borer due to their life cycle timeline. 

 
https://ipm.illinois.edu/fieldcrops/insects/european_corn_borer.pdf 

Figure 14 – GDD for First Generation Corn Borer Life Cycle Stages 

The time at which we perform our second generation fly-over is determined by the point 

at which we accumulate 1,404 GDD units starting from the appearance of the first Corn Borer 

moth (Figure 15). Data analysis will take approximately 4 days from the date we perform our fly 

over to the date at which the farmer is presented with the data. This leaves the farmer with 4 

days to take advantage of this information, and apply pesticide during the 10-14 days after egg 

hatching window. This maximizes the effectiveness of the pesticides. 

https://ipm.illinois.edu/fieldcrops/insects/european_corn_borer.pdf
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https://ipm.illinois.edu/fieldcrops/insects/european_corn_borer.pdf 

Figure 15 – GDD for Second Generation Corn Borer Life Cycle Stages 

3.3.8 Recap 
While our plan carries tremendous potential, it will require a large investment in research 

and development. Bt corn poses long-term issues, such as the possibility of insects developing 

resistance to it. With our identification corn, there is no way for Corn Borers to adapt and 

become resistant due to the nature of the modified corn. Our UAV can easily detect the location 

of Corn Borers with the use of our indicator corn. After talking to modification specialists, we 

have concluded that it will take approximately five years to develop our identification corn and 

an additional year to bring it to the market. Despite the seemingly long time investment, our 

solution will become the future of precision agriculture and pest management. It gives organic 

corn farmers a 20% increase in overall yield and also provides an 85% decrease in pesticide 

usage and a significant reduction of crop loss. Also worth noting is that while the challenge may 

focus on the prevention of damage from European Corn Borers, our plan is applicable (with 

slight modification) for any pest and for a wide variety of crops. Any plant kind can be modified 

to detect the presence of almost any pest. The potential of our product is limitless.  

 
3.4 Example Mission 

 

A farmer calls in and requests the Next Level UAV team to survey his field for Corn 

Borer infestations on his plants. He owns a 25 square mile corn field that he wants surveyed. 

The farmer will need to have set up their planter according to our diagrams/plan described in 

section 3.3. They will plant their corn along with our indicator corn whenever they want. Next 

Level will supply the indicator seed, which the farmer will place into the hoppers that were 

https://ipm.illinois.edu/fieldcrops/insects/european_corn_borer.pdf
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specifically set up for the indicators (refer to Planting Method 3.3.5.1). Planting by this method 

will create a regular 30 inch row corn field, with the addition of one indicator corn in every 14’ x 

15’ square.  

After the indicator corn is planted and grows, the detection team can do the surveying. The 

detection team, which consists of an operational pilot, a safety pilot, a range safety technician, 

and a launch and recovery assistant get ready to head out to the corn field. They load up all of 

the support, control, command, and communication and the UAV into the van. After four hours 

of driving, the team reaches the field and acquires any additional information from the farmer. 

After doing so, the launch and recovery assistant, who also doubles as the driver of the van, 

helps the range safety technician assemble, test, and attach the UAV to the car top launcher. 

The van becomes a mobile ground control station, with the UAV operator and other crew inside. 

The laptop is set up inside the back of the van, with the Pilot and Safety Pilot constantly 

monitoring the flight. The Range Safety Officer will be seated in the front passenger seat, 

constantly keeping an eye on the UAV ensuring that the UAV is in the line of sight. The 

Launch/Recovery Assistant will be in the driver’s seat, keeping the van within visual range of the 

UAV.  

The Launch and Recovery Assistant brings the van up to launch speed, and the UAV is 

released from atop the van. The van will then follow the UAV, with the pilot monitoring the status 

of the UAV, the safety pilot ready to back up the pilot, and the Range Safety Officer keeping the 

UAV in eyesight as directed by FAA regulations. During the pre-programmed flight, the UAV will 

continuously take pictures of the field for 2 hours and 5 minutes. Since the battery won’t last for 

the full flight, the UAV will need to land once about halfway through the field, or after 1 hour and 

6 minutes, to hotswap batteries. While we could theoretically fly our mission through one charge 

of the battery, it would be unfeasible because we would not be able to meet the standard 10% 

margin of error in case of emergencies within our battery life. The UAV will be reattached to the 

car top launcher and after the van reaches launch speed, it will be launched to continue on the 

second leg of the pre-programmed flight. The battery change process is simple and will only 

take a few minutes: we just open up the UAV and swap the battery with the second pre-charged 

battery. Pre-flight checks would need to be redone, and we would need to relaunch, so in total 

the leg 1 landing will take about 15 minutes. 

After the UAV has flown over the entire field, the team will land and store the UAV back 

in the van and return to the team headquarters, where the two data analysts and their data 

analysis desktop computers are located. The data analysts will transfer the data to both 

computers with SD card readers and use Agisoft to stitch the pictures together to form one 
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cohesive image of the cornfield. Both of the analysts will be using the same pictures, but one 

will be looking for red plants indicating the presence of Corn Borers and the other will be looking 

at the green shade of the plant, using the NDVI index, indicating the health of the plant. After the 

first flight, the team will have to come back to fly the UAV again on a date based on GDD to 

detect the second generation of Corn Borers.  If the wind is over 20 mph, we won’t be able to 

fly. Also, if there are conditions limiting our visibility to less than .75 miles, the flight will have to 

be cancelled because of the need to keep the aircraft in visual range. Conditions like hail, heavy 

rain, lightning, etc. will also keep us from flying. If the weather changes mid-flight, the aircraft will 

either come back to the landing zone or conduct an immediate emergency landing, depending 

on the severity of the weather change. In the event of a lost link, or loss of communication 

between the UAV and the ground control station, the aircraft will automatically navigate to a pre-

determined location and land. We also have a backup data transceiver set, which could re-

 establish communication without the need for an emergency landing.

 
3.5 Mission Time and Resource Requirements 
 

Time to complete one mission: 108.08 hours 

(2.08 hours for flight + 8 hours for driving + 98 hours for data analysis) 

Cost to Operate System: $484 per hour 

Total Cost for UAV: $6,267.66 

Total Cost for Support Equipment: $41,895 

Total Cost for C3 Equipment: $21,513.46 

Total R&D Cost for UAV: $39,750 

Total Assembly Cost for UAV: $2,250 

Cost of Indicator Corn Seed: $9,501.60 for 16,000 acres worth of seed (@ 420:1 ratio) 

Monthly Loan Payment: $19,113.31 

Total Operational Cost per mission (pre-indicator plant operations): $26,623.90 

Total Operational Cost per year (10 missions): $266,239 

Total Operational Cost per mission (indicator plant operations): $50,006.10 

Total Operational Cost per year (5 missions): $250,031 
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3.6 Local Area Infrastructure 
 

We determined that it would be a good idea to review the local area infrastructure using 

Google Earth. We plotted out the following points:  

 
Figure 16 – Target Plot 

 We then studied the surrounding buildings, land, and roads. We found that the area was 

fairly sparse; there were only three towns within a reasonable distance: Fort Dodge, Webster 

City, and Eagle Grove. There were not many other structures of note save for the ones present 

in the towns. However, we discovered an airport within the five mile radius: Webster Municipal 

Airport. We found a way around this however (Refer to 3.2). 

Also, there were also plenty of roads crisscrossing our search area: 

 
Figure 17 – Target Plot with Roads 
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We can use these roads to our advantage, because we will be required to follow the UAV by car 

to keep it within visible distance. The roads will allow us to follow the UAV and also provide us 

with launch and recovery locations.  

 

4.0 Business Case  

 Our innovative detection plan can be utilized by any farmer and eventually modified for 

use within the entirety of the agriculture industry. It offers substantial reduction of pesticide use 

and increased accuracy of pesticide application-all while increasing crop yield. While our 

indicator corn is being developed, our plan is to provide a service to farmers by detecting plant 

health. Once our indicator has been developed, we will transition into a fully operational 

business that is geared towards the identification of the locations of European Corn Borers. 

During the fully operational period, our business will gauge interest in our second, major service 

in order to determine whether we can expand our company. Any client that expresses interest in 

our later service will be able to contact us.  

As part of the second service, we (Next Level Technologies) will provide the modified 

seeds at the beginning of the season. The cost of the seeds will be included as part of the price 

of our service. The farmer should then plant their seeds simultaneously with ours. Once the 

indicator corn has grown (it will sprout before the commercial corn), Next Level Technologies 

will fly a UAV over the target field two times. This is so that both the first and second generation 

of Corn Borers can be controlled. If the client wants us to fly over the field an additional time, it 

will add to the base price.  

We have the ability to monitor Corn Borer infestation using the identifier plant while also 

monitoring general corn health. As the season continues, the Corn Borer population should be 

well-contained; so any additional flights will most likely shift to a focus on general plant health. 

As a whole, our business provides a way to increase crop yield, decrease pesticide use and 

increase application accuracy. Due to the nature of the life cycle of a Corn Borer, there is a 

window of opportunity in which pesticides have the greatest effectiveness on Corn Borers. Our 

detection plan allows us to utilize GDD units to consistently pinpoint this optimal window and 

give farmers the best time and location to apply pesticides. Using this data, farmers can 

maximize their profit by dealing the greatest damage to Corn Borers and saving the most crops. 

This plan provides effectiveness that is unrivaled by competitors. After stabilizing our company 

and after FAA regulations have changed, we aim to eventually transition into a biotechnology 
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company. At this stage, our goal is for our company to be able to sell UAVs and seeds to 

clients. This will increase our profits and give our company more room to grow.  

Recently, there has been a large movement towards organic produce. Taking advantage 

of this, our business provides an effective way to move away from Bt-corn. Yield will not be 

decreased because we can target the infested areas of the field. In addition, we save farmers 

money on pesticide use. As the market for organic crops increases, our business will greatly 

assist farmers in becoming organic/non-GMO farmers.  

Our plan projects to revolutionize pest detection. This is not an addition to the practices 

farmers already use; it is a completely new approach to agriculture. However, it will take time for 

our idea to become widely accepted and applied. Once our idea takes off, it will prove to be far 

superior to any other system currently in place. Next Level Technologies is the future of 

biotechnology companies.  

 

 

 

 

4.1 Target Commercial Applications 

Figure 18 –Ten Year Timeline 

The commercial usage of UAVs is heavily restricted, and getting a permit to fly is very 

difficult. Congress won’t legislate more regulations towards the commercial usage of UAVs until 

2016. This means that once the indicator corn is done development, Congress will have 

legislated more regulations on UAVs, most likely loosening UAV regulations and allowing us to 

become a more profitable business. If regulatory restrictions are lessened, UAVs could be 

utilized anywhere and at any time on short notification with no long process to follow. The whole 

process would be streamlined and efficient and UAVs could be flown at any vertical distance. 

Without these restrictions, certified pilots are potentially unnecessary, so non-certified pilots 

could be employed, cutting costs and maximizing profit. Without government rules, there would 

be no concern about privacy or requirement of a warrant to investigate an area or 

suspect.  Thus the ease of government regulations could overall be beneficial economically and 

time-wise because of the sheer range of useful applications. 
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One popular UAS application lies in the Agricultural field. While our UAV design focuses 

on the detection of Corn Borers, our UAV could be used for detection of other causes of crop 

loss. It could fly over any type of field and detect any pest or weed. The software used to 

interpret the data collected would have to be adjusted but the UAV design could stay the same. 

In addition, different cameras may need to be put in that have the ability to detect the factor 

being monitored. Some commercial fields are so big that it is impossible to direct care towards 

certain parts of the field. With UAVs, this would be possible. This benefit will be tested as we fly 

the UAV while the genetically modified corn is being developed. This way, we can start making 

money to pay off loans and thus make good use of the five year development period and one 

year marketing period.  

UAVs are also incredibly useful in the mass application of pesticides (crop dusting). In 

this case, the UAV wouldn’t need a camera, but it would require applicators to dispense the 

pesticides. The only way government regulations would affect this application of UAVs is the 

need for a UAS Airworthiness certification, as well as a restriction of airspace past a certain 

height.  

The UAS design solution could also be used for operations to locate an object or person, 

such as search and rescue missions. A small UAV could fly in an area where the person was 

last seen, and search the area for signs with an operator on the other end. This improves the 

task of locating the missing person because of the bird’s-eye view. It is also much more time 

efficient than searching on the ground and more cost-efficient than using a helicopter. The 

certification that would be needed for this is the COA-RC, which allows the UAV to be used for 

search and rescue type missions, which would be a type of surveillance. These UAVs can play 

a powerful role in these kinds of scenarios.  

For domestic security, the camera would need a gimbal mechanism that allows it to have 

an unrestricted range of vision and keep the camera pointed down at all times. UAVs could be 

especially effective in improving domestic security because they can record crimes or 

emergencies unfolding and alert the police very quickly. It could even reduce crime rates, as 

criminals might be intimidated with the knowledge that there are eyes in the sky. 

In the case of photography, the UAV would need to be fitted with a high quality camera, 

and the camera would need to be controlled by a payload operator to take the shots. The pilot 

would also need to obtain an SAC-RC because aerial surveillance, such as photography, falls 

under the restricted category of type certifications.   
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There would also be a need for a live stream to a central location for many UAV 

applications, where personnel would be able to monitor what’s happening. Domestic 

surveillance would especially benefit from the easing of government regulations since it would 

allow the UAV to monitor any location without restrictions, and a live feed would enhance the 

efficiency of the task. The security of locations where UAVs are present without government 

restrictions would be greatly improved overall.  

If the UAV were to be adapted for the uses mentioned, the camera would most likely 

need to be customized for the job and the UAV might need to be adapted for longer airtime. 

Because the camera would no longer be simply monitoring the status of crops, different types of 

cameras might be utilized for various purposes, such as a camera that can produce high quality 

pictures for photographic purposes. There might be need for change from automated to manual 

control, depending on the other application. Manual control would be needed if the UAV were 

used to track down something or someone, but only automated control would be necessary for 

surveying a field. 

All in all, UAVs have a great deal of untapped potential because of the sheer number of 

useful applications it has. They are already being implemented in a variety of different fields, 

including agriculture, surveillance, and search and rescue missions; and the scope of UAVs will 

only broaden in the future.  

4.2 Amortized System Costs  

Pre-Indicator cost per mission = $38,118.79 

Pre-Indicator total cost (for the first 30 missions) = $1,143,563.7 

Post-Indicator Development cost per mission = $87,846.20 

Post-Indicator Development total cost (for next 20 missions) = $1,756,924 

Total Cost for first 50 missions=$2,900,487.70 

4.2.1 Initial Costs  

Along with the initial cost of updating our system, we will also need to begin 

development of our Indicator corn as soon as possible because it is essentially the basis of our 

new business. We have estimated that the cost of developing our GMO will cost approximately 

50 million dollars. This GMO will feature several traits that are all necessary for the purposes of 

our business, and thus will take several years to fully develop. Along with the GMO 
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development costs, funds will also be put into various equipment necessary for our plan, which 

we will need to purchase before we can commence our detection service.   

 

Control/data processing options - $21,093.46 
 

CONTROL/DATA PROCESSING & DISPLAY OPTIONS 
Component Quantity Cost Per Item Subtotal 

APM Autopilot Suite 
(open source) 1 $ -  

$ -  

PC (Laptop) Control 1 $ 4,000.00  $ 4,000.00  
Post-Processor PC Desktop 2 $ 5,047.73  $ 10,095.46  

Agisoft (Professional Edition) 2 $ 3,499.00  $ 6,998.00  
 
Additional equipment - $420 
 

COMM EQUIPMENT OPTIONS 
Component Quantity Cost Per Item Subtotal 

Data Transceiver Set (900Mhz) - High Range 2 $ 135.00  
$ 270.00  

 
 

ADDITIONAL C3 EQUIPMENT OPTIONS 
Component Quantity Cost Per Item Subtotal 

AC/DC Battery Charger 1 $150  $ 150.00  
 
Support Equipment- $41,895  
 

SUPPORT EQUIPMENT 
Component Quantity Cost Per Item Subtotal 

2014 Mercedes Benz Sprinter Crew Van 1 $ 38,775.00  
$ 38,775.00  

Car Top Launcher 1 $ 3,000.00  $ 3,000.00  

GPS Magellan RoadMate GPS Navigator 1 $ 120.00  
$ 120.00  

 
UAS- $9,567.66 
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ONBOARD SENSOR OPTIONS 
Component Quantity Cost Per Item Subtotal 

11x7 Pusher Prop 3 $ 11.43  $ 34.29  
High-Range Data Transciever Set 1 $ 135.00  $ 135.00  

Electronic Propulsion System 1 $75  $ 75.00  

Batteries 2 $ 180.00  $ 360.00  

Auto-Pilot 1 $ 250.00  

$ 250.00  

Servos 2 $ 79.99  $ 159.98  
U-BEC 1 $ 20.00  $ 20.00  

Nikon GPS Recorder 1 $ 280.00  $ 280.00  
RPM Sensor 1 $ 10.00  $ 10.00  

Airspeed Sensor 1 $ 45.00  $ 45.00  
Altitude Sensor 1 $ 40.00  $ 40.00  
GPS Reciever 1 $ 50.00  $ 50.00  

Inertial Navigation Unit 1 $ 40.00  $ 40.00  
Microcontroller 1 $ 100.00  $ 100.00  
64 GB SD Card 1 $ 68.99  $ 68.99  

 
SENSOR (PAYLOAD) 

Component Quantity Cost Per Item Subtotal 
Nikon D800 1 $ 3,300.00  $ 3,300.00  
 

AIRFRAME CONFIGURATION DESIGN 1 
Component Quantity Cost Per Item Subtotal 

Airframe 1 $ 4,599.40  $ 4,599.40  
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Engineering/Construction- $39,750 
 

ENGINEERING & CONSTRUCTION LABOR 
Role Hours Cost Per Hour Subtotal 

Assembly Technician 10 $ 75.00 $  750 
Electronics Technician 10 $ 75.00 $ 750 

 Aircraft Maintenance Technician   10 $ 75.00 $ 750 
Project Manager 50 $ 150.00  $ 7,500.00  

Design Coordinator 50 $ 100.00  $ 5,000.00  
Systems Test Engineer 50 $ 100.00  $ 5,000.00  

Simulation Engineer 50 $ 100.00  $ 5,000.00  
Project Scientist 50 $ 100.00  $ 5,000.00  

Project Mathematician 50 $ 100.00  $ 5,000.00  
Project Communicator 50 $ 100.00  $ 5,000.00  

 
In total, our initial cost, which includes all of our equipment and GMO development, is 

$50,104,179.39. In the future, we will require another post-processor PC and another copy of 

Agisoft when we transition to being a biotechnology company. This will raise the initial cost to 

$50,112,720.12. We will be relying on venture capitalists for about $45 million and Government 

Grants/loans for the other $50,112,720.12. The initial cost was influenced by the need for bigger 

batteries in order to increase our range. We had to cover 25 square miles in the quickest time 

possible, meaning minimal stops for battery replacement. This meant buying a new, slightly 

more expensive battery. In the long run however, it led to an increase in initial cost of only about 

40 to 60 dollars. The flight and support crew costs were also addressed, and every effort was 

made to decrease the support crew personnel needed. Unfortunately, FAA regulations on pilots 

are strict, requiring both an operational and safety pilot. For the other crew members, it was 

possible to combine roles. The Range Safety Officer is capable of launching and recovering the 

aircraft (with the help of the Launch and Recovery Assistant) and keeping up on maintenance 

and visual contact with the UAV. After the UAV is launched, the Launch and Recovery Assistant 

will drive the van in order to maintain visual contact with the UAV. This means we don’t have a 

need for a driver. 

For subsequent designs, one method to improve initial costs is purchasing cheaper 

sensors. The Airspeed and Altitude sensors both cost around $40, so there is a possibility to 

reduce costs (although we will most likely downgrade on quality). We could also buy cheaper 

post-processor desktops. By rebuilding the same UAV, we wouldn’t have to redesign 

everything. Making the molds for the carbon fiber and foam make up a large portion of the time 
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and cost required to make the UAV. By reusing molds, our subsequent production costs would 

be drastically reduced. Finally, we chose our van because it has four seats (for the four required 

personnel) and has sufficient storage space. Finding a cheaper van that still meets those 

requirements would help improve costs. 

4.2.2 Direct Operational Cost per Mission 

For our example mission (refer to 3.4), the direct operational cost comes out to 

$45,805.72 because it is post-GMO development. If the mission was pre/during GMO 

development, the direct operational cost would $19,925. The direct operational cost per mission 

is the amount of money that farmers need to pay us to complete the missions, so lowering this 

price is imperative to help make our service competitive. There is still a baseline amount to pay 

the personnel to complete one mission, so since our field time is three hours, eight hours for 

transportation, and another 98 hours for the processing, the total cost of the fieldwork comes out 

to $5,225.00 for three hours. The chart below outlines the cost for each personnel. The Data 

Analysts in particular are a special case because they will work for $150 per hour for 98 hours.  

 

OPERATIONAL PERSONNEL    

Role Number Req. Cost Per Hour Subtotal 
Range Safety/Aircraft Lauch & Recovery/Maintenance 1 $ 175.00 $ 175.00 

Launch and Recovery Assistant 1 $ 50.00 $ 50.00 
Safety Pilot 1 $ 100.00 $ 100.00 

Operation Pilot 1 $ 150.00 $ 150.00 
Data Analyst 2 $ 150.00 $300.00 

Total Operational Personnel Cost 6 N/A $775.00  
 

CONSUMABLES      

Role Quantity Per Hour Cost Per Qty. Subtotal 
Gas for truck 2.47 $ 3.65 $ 9.02  

 
For the pre-GMO developmental plan where we fly our UAV to monitor plant health, we 

will need one data analyst because there is only one type of data to analyze. Thus the direct 

operational cost for pre-GMO development flights is $19,925. For the post-GMO development 

flights, two data analysts will be needed, one to analyze the presence of RFP in the plants to 

detect Corn Borer presence, and the other to analyze the plant health. In addition, our package 

includes two flights for farmers as well as the price of seeds. Therefore, our operational 
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personnel and consumable costs double. The price of the indicator corn seeds for a 25 square 

mile field is $9,501.60. The direct cost per mission then becomes $45,805.72. 

 

4.2.3 Amortization 

After some calculations, we found that our initial cost comes out to $50,112,720.12. The 

indicator plant will cost $50 million to develop, and we are aiming to receive $45 million in 

investments (refer to 4.6). The remaining $5 million will be paid for with a 30-year loan, at a rate 

of approximately 2.25%. The monthly payment will amount to $19,112.31 each month. During 

our pre-indicator period, we will need only 1 post-processor PC desktop and 1 copy of Agisoft, 

so the initial cost will be $104,179.49. We expect to have 3 years of pre-indicator flying, and will 

have 10 missions each year. The $104,179.49 will be evenly distributed across our first 30 

missions. This places our breakeven cost at $38,118.79. We calculated our number by adding 

together the cost of running 30 missions (assuming that each mission is one package), the cost 

of charging 30 farmers for seeds, our loan payment per year, and our initial costs and then 

dividing that by 30. After the first 30 missions, we would have broken even and paid off our 

initial costs, so our profit would rise. Once our indicator has been developed, we will need to 

add another Data Analyst, a post-processor PC desktop, and an Agisoft software. Each mission 

will include the cost of seeds ($9,501.60 for 25 square miles) and two flights, making the new 

breakeven cost $87,846.20. The Agisoft and PC desktop will be paid off over 50 missions. Our 

indicator period number was calculated the same way that the pre-indicator was, but using 50 

missions instead of 30. Overall it will take 80 missions to pay off our initial costs, and 30 years to 

pay off the development of the indicator corn. Though this may seem like a long time, it is 

guaranteed that we will be fiscally sound because we are spreading payments out over a long 

period of time.  

4.2.3.1 UAV Funding 
To form an effective business plan, we must first determine sources of funding for the 

project and service. After much consideration, we have established three options to go about 

with the business plan. The first method of receiving funding for our UAV development would be 

to take out loans. Other options include receiving a grant from the government and receiving 

funding from investors/venture capitalists. Depending on what types of funding we receive, we 

will have to pay different amounts of money back to loaners, which is why a range of 

amortizations must be explored.  
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4.2.3.2 Grants 
In general, grants are not provided to start-up businesses. While it is highly unlikely for 

us to receive a grant from the government, it would still be worth applying for one. As is required 

by many grants, we are providing a service. In addition, we take an environmentally sensitive 

approach to pest management that relies on a combination of common-sense practices. The 

EPA has a program known as PestWise, which gives out more than 3.1 million dollars a year. 

The specific grant that our company would apply for is named the Agricultural IPM Grant. The 

description given by the EPA is: “Regional Agricultural IPM Grants, offered by EPA’s Office of 

Pesticide Programs (OPP), in coordination with the EPA Regional Offices, further, through 

research, development, monitoring, public education, training, demonstrations, or studies, the 

adoption of IPM approaches to reduce pesticide risk in production agriculture settings in the 

U.S. Proposed under this program must further through research, development, monitoring, 

public education, training, demonstrations, or studies the adoption of IPM tactics that reduce the 

risks associated with pesticide use, and demonstrate the importance and relevance of the 

proposed project on a regional level.” (PestWise, EPA) Through this program there is a 

possibility that we can obtain some of the funding required to develop our indicator plants. 

Also, the USDA offers a grant called the Small Business Innovation Research Program 

(SBIR) which “funds competitive grants to support research by qualified small businesses on 

advanced concepts related to scientific problems and opportunities in agriculture, including 

development of biotechnology-derived products.” Our business is a great candidate for this 

grant because we provide an effective and efficient way to distance ourselves from the reliance 

on GMOs. Moreover, granting money to our business would be more advantageous than 

funding individual farmers. Overall, we are the best candidate for this grant is a good way to 

receive funding for modifying our corn.  

4.2.3.3 Loans 
Another course of action to obtain funding for our project is seeking out a loan from a 

bank. Interest rates are currently at all-time lows with the recession that the United States has 

been in since 2008. Some downsides with loans are that, loans need to be paid back after a 

specified amount of time, as opposed to a government grant that we won’t have to pay back (it 

is given to us to assist us in our research/development). Loans also carry an interest rate that 

will only contribute to the amount we would have to eventually pay back. However, in general, 

loans are a fiscally-sound way to obtain a starting sum of money. Current interest rates for 

businesses are approximately 2.25%. By proving that our company is sustainable and will grow 

consistently, we are confident in procuring a loan. We plan on taking out a loan of around $5 
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million, with a monthly payment of $19,112.31. Over 360 months our total interest will cost 

$1,880,429.84.  

4.2.3.4 Venture Capital: 
Something that we want to avoid initially is opening our company to the public.  In this 

situation, the company must be steadily growing in order to get capital gains to reinvest,  which 

at this early stage in the life of the company, will likely not be the case. This is not to say that our 

company will not be successful, but technology companies that require a high amount of initial 

R&D take time to launch and build momentum. Therefore, changing the focus would have a 

negative impact on the company, and relying on public investments early on for funding would 

not be a desirable course of action. 

Venture capitalism is our primary option for seeking funding. Venture capitalists are 

people who provide monetary support to help start-up companies that they believe have 

potential. They typically seek high risk, high return opportunities. In return for providing funds, 

they gain partial ownership of the company. We would approach capitalists with a history in 

investing in ideas similar to ours, to create a higher chance for success. Our goal is to provide 

them with a detailed business plan, and have them judge how likely our company is to succeed 

and hopefully invest in it. We will put a lot of effort into having an extremely in-depth plan as well 

as a formal pitch so as to appeal to the capitalists. Venture capitalism differs from taking 

investments from the general public in that the company stays private, and the venture capitalist 

become part owners of the company and can have greater influence and control on the 

company. They would also be able to provide much more money initially to start up the business 

than other options. We need about $45 million from Venture Capitalists and for this, will offer x 

percent of our business.  

Currently, a big movement against GMO is beginning to form. Many believe that GMOs 

are bad for health and will cause problems in the future. For investors looking for returns on 

their money, our company would be an excellent choice. We are ahead of the curve, finding a 

way to reduce the amount of GMOs that are ingested by the population while still keeping crop 

yield high. Organic organizations such as the Organic Consumer Association would have a high 

interest in what our company is doing. Much of the argument against prohibiting GMOs is that 

the world population is growing and crop output must increase to feed everyone. Our company 

has the potential to put this argument to rest by keeping crop yield high while still removing 

GMOs from fields. Although we do not cater specifically to non-GMO farmers, our product will 

be incredibly helpful to non-GMO farmers.  



84 
 

4.2.3.5 Combination Funding 
These three methods of funding are not necessarily exclusive; we may use a 

combination of the three. It will be difficult to receive the full funding through just one of these 

methods, as our research and development is quite costly. It is likely that investors will own part 

of our company, we will have taken out loans, and receive a government grant all at the same 

time.  

4.2.3.6 GMO Funding 
Some issues with developing a genetically modified plant is that the process is very 

costly as well as time consuming. However, the tradeoff here is that the potential for earnings 

increases exponentially as well. The government, big companies, and venture capitalists will 

certainly be highly interested in being involved with our progressive plan.  

Overall, we expect that the development of our GMO will cost approximately $50 million. 

Typically, developing a GMO costs less, but ours will incorporate multiple traits which will 

increase the price, and will require several years to develop. 

4.3 Market Assessment & Available Alternatives 

4.3.1 Competitive Analysis 

Presently, it’s becoming clear that Precision Agriculture is the future for efficient and 

targeted pesticide use. While it is already being used in other countries, FAA regulations 

currently limit the use of precision agriculture in the United States. Commercial use of UAS’s for 

precision agriculture will reduce the amount of chemicals (i.e. insecticides and pesticides) 

applied when spraying crops. This is achieved by identifying regions of farms that are infested 

with weeds, insects, and disease instead of applying the chemicals to the whole crop. Potential 

adjustments to the UAS in the future could allow it to both directly spray the 

insecticides/pesticides on the product as well as identify what areas must be sprayed. 

The market for UAVs dedicated to farming purposes is currently not prominent in the 

United States, so there is little competition and lots of room for expansion. Currently, the top 

competitor for UAVs in the agricultural sphere are genetically modified crops (GMOs).   

There are several reasons why farmers should utilize precision agriculture on their farms 

over GMO’s. Precision agriculture leads to increased efficiency, profits, and allows for a more 

environmentally friendly farm. Targeting where to deliver the fertilizer, pesticides, and seeds 

allows for more efficient usage, and that means costs are reduced, and usage is reduced. The 

reduction in usage makes for a more environmentally friendly farm, with less fertilizer and 
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pesticide cutting down the drainage and impact. The reduced and more targeted usage also 

helps maximize cost by reducing their usage, and more importantly, maximizing their yields. 

Almost all farmers that have adopted precision agriculture have reported an increase in crop 

yield and an increase in profit. One of the largest points is the increasing need for more crop 

output to fuel and feed the world. Precision agriculture fits the bill for increasing cost, output, 

and minimizing environmental impact. 

It has been proven time and again that UAVs are extremely efficient in the process of 

precision agriculture, and are the reason why it is such a quickly growing industry today. Due to 

its mountainous terrain, Japan in particular is using the Yahama RMAX to collect information on 

crops as well as to apply products where tractors can’t go. The Yamaha RMAX is also being 

used in Australia. The RMAX performs tasks very similar to our UAV, using cameras to 

determine the health of crops. The RMAX is only being used in foreign countries because the 

FAA limits UAV use to mostly the military and border patrol in the United States.  

Yamaha leases the RMAX to operators who are then hired by farmers. Due to our 

operation in the United States, our business plan must be different. First, restrictions that are in 

place mean that we can’t lease the UAV to operators. Instead, farmers will call us and we will 

hire people to carry out the operation. Unfortunately, this causes a high cost per mission and 

therefore a smaller profit margin. As soon as the FAA approves the use of UAVs for commercial 

application, the UAV will be able to be operated by the farmers directly or they will be able to 

hire operators who are leasing the UAV from us. This should occur in the near future and will 

result in a large increase in profit. 

The Inview UAV was developed in 2010 by Barnard Microsystems for use in scientific, 

commercial and state applications. The aircraft was designed to be especially light to reduce 

potential crash damage to big structures that it would near such as an oil/gas pipeline. This 

aircraft, just like ours, features automated flight. Also, just like how our UAV will be used to 

survey corn fields, the Inview UAV’s primary use is to survey and monitor oil and gas pipeline 

infrastructure using camera(s). It is also compact in design to allow for transportation in small 

vehicles, and it features easy module replacement for planned maintenance. While the cost of 

the Inview UAV has not been released by the company yet, some components that may come 

with an Inview include an ImSAR NanoSAR B unit ($95,000), two Scintrex CS-3SL Cesium 

beam magnetometers  ($40,400), and an airborne broadband satellite communications 

Terminal  ($35,000). These components already put the Inview UAV at a much higher cost than 

our UAV. 
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In comparison to these competitors, the cost of our UAV is a lot lower, with the aircraft 

amounting to $6,267.66 and the payload $3,300. Totaling $9567.66, our UAV costs a fraction of 

the amount that our competitors are charging for components alone, making our UAV a lot more 

viable than other UAVs in the market. 

4.3.2 Ground Based Precision Agriculture 

One alternative to our operation is ground-based precision agriculture, which usually 

consists of a tractor loaded with autopilot and sensors that measure multiple aspects of the 

crops, including nitrogen levels, ground acidity, and organic matter content. A ground based 

plan wouldn’t be feasible because of the sheer size of the field, 25 square miles, which is far too 

large for a tractor to cover. A tractor would take too much time to go through the field on the 

limiting paths and detect. UAVs are substantially faster, making the entire process more 

efficient. This is of high value to farmers, who want to be able to apply pesticides as soon as 

possible in order to maximize yield and minimize damage to the plants. 

  
4.3.3 Manual Searching of Infestations 

While there is a possibility that a ground team on foot could simply use their eyes and 

hands to locate the Corn Borers instead of all the complicated sensors and machinery, doing so 

would take too much time. While manual searching is more precise because there are less false 

positives and misidentifications, the time it takes is too impractical. The tractors are already too 

slow, so manual searching is not an option either.  

4.4 Cost/Benefit Analysis and Justification 

4.4.1 Design Decisions/Sensor Payload Selection: 

The primary objective during the design phase of the UAV was cost efficiency. As long 

as the component in question is capable of doing what we need it to, our philosophy was that 

the cheaper it is, the better. In selecting all of the typical flight components like GPS sensor, 

accelerometers, etc. we found that there wasn’t a substantial difference between the 

components given to us and others available on the market. The cost and quality were generally 

the same, and any differences were negligible.  

The Nikon D800 was selected because it is one of the highest resolution cameras Nikon 

makes. Nikon is a very well established camera manufacturer with a reputation for quality and 

reliability. Their prices are very competitive as well. In our selection, resolution was important, 
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as the higher our resolution is the more accurate our results will be. Using the Nikon D800, we 

got a higher resolution than the X5000 provided by the Challenge for less money. Also, the 

X5000 was a multispectral camera. With our new detection plan, multispectral is not required.  

In terms of the UAV airframe itself, a mix between foam, carbon fiber and ABS plastic 

will be used. Using this system, a more efficient and cost effective system is achieved. Carbon 

fiber is used in places where high strength is needed. ABS plastic is used where reinforcement 

is still needed, but something as strong/costly as carbon fiber isn’t needed. Foam is used as a 

cheap “filler,” holding everything together and providing impact resistance. 

 
4.4.2 Corn Yield Profit Plot 

The farmers in Iowa make $3.59 off every bushel of Bt-corn and $13.12 of each bushel 

of organic corn as of October 23, 2014 at 11:51 AM. In Iowa, there are an average of 175 

bushels of Bt-corn per acre, and 150 bushels per acre of organic corn. There are 640 acres in 

one square mile, so Bt-farmers in Iowa make about $402,080 in a one square mile plot of corn 

while organic farmers make $1,259,520.Therefore, farmers that who plant Bt corn receive about 

$10,052,000 in gross revenue for the 25 square mile plot given in this challenge and organic 

farmers receive $31,488,000 in gross revenue for the 25 square mile plot.  

On the other hand, pesticide usage also costs a lot of money for the farmers. Figure 19 

shows the amount of money farmers can save with our UAV. 

 
Figure 19 – Pesticide Savings via Our Method 
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Farmers can save over $500,000 on pesticides depending on the percentage of their 

field infested. If there is an infestation of 10% of the field, they only need to spray the 10% that 

is infected as opposed to spraying the whole field. This graph and these calculations are based 

off a 25 square mile farm with pesticide cost at $32 an acre. A 25 square mile farm has 16,000 

acres, which amounts to $512,000 in spending each year on pesticides. If the farmers use our 

UAV service to determine what part of their field is infested, the farmer can save a lot of money 

compared to spraying the whole field. 

4.4.3 Profit Loss in Bt Corn Due to Corn Borer 

To have this information in units that are appropriate for the Challenge we did some 
conversions: 
 

 
Damage of all the Generations: 

Degree of Infestation: Units: 5% 10% 20% 

Price: $/ton 170.75 170.75 170.75 

Net Loss: $/sq. mile 9629.62 28894.04 66656.24 

Net Loss over 25 Sq. Miles: $/25 sq. mile 240740.5 722351 1666406 

Price $/bushel (as of 10/23/2014): 3.59    
 

We converted metric system units to the imperial system units, converted Euros to US 

dollars, and removed the information that wasn’t applicable. We also included the current price 

($) of corn per bushel. 

4.4.4 Future Growth 

After 6-7 years of business we expect to be running smoothly. The kinks will have been 

worked out and profits will be consistent. According to professional estimates, the GMO 

indicator corn can be developed within 6 years. Each characteristic that we are incorporating 

has been successfully done before, so it will not take as long to develop our corn as if our 

modifications were new. Hopefully, during year 9, we will integrate another UAV. It will be 

exactly the same as our first UAV but will have a second operational team running it. Therefore, 

revenue per year can roughly be doubled (save for the extra operational costs). We also hope to 

expand our research & design team and branch into new products.  
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In the long run, our team is planning to make a shift from a company providing a service 

to a full biotechnology company. Our company will start out by providing service for several 

reasons. First, we need to establish a proof of concept to show the public that our plan is indeed 

feasible and effective. Second, we need time before we become a full-fledged biotechnology 

company to gain capital. Our plan, like any other, would not succeed without the proper funds. 

Finally, until FAA Regulations are eased regarding UAVs, we won’t be able to make full use of a 

UAV for our plan. 

The criteria to make the transition into a biotechnology company comprises of three 

main factors. First, we will make the transition once we have garnered an initial customer base 

and funds. Second, we need to have established a more sustainable and profitable business 

model (straying away from the “plant-health service” model). Finally, we’ll make the shift once 

the FAA regulations on UAVs have lessened to fully take advantage of a UAV. 

 
4.4.5 Benefits 

One justification for our plan is that our method of pest detection will significantly reduce 

the use of pesticides that harm the environment. Our calculations suggest that pesticides 

directed towards Corn Borers use will be reduced by anywhere from 85%, correlating with what 

percentage of the field is infested. 

The United States government will also see massive financial savings due a decline in 

groundwater contamination, pesticide resistance, and public health issues all linked to pesticide 

use. The US Environmental Protection Agency has estimated that approximately 20,000 farm 

workers are poisoned every year due to an excessive amount of pesticide exposure. The issues 

that have surfaced concerning pesticide use exemplify the humanitarian problems that come 

coupled with the use of pesticides, something that could be completely avoided if the use of the 

poisonous pesticides was reduced due precision agriculture. Over 98% of pesticides harm 

insects/plants other than the intended species because of the broad target application method in 

which they are sprayed. Runoff is a big issue as well, where pesticides are carried into aquatic 

environments such as streams and rivers and pollute the habitats, subsequently harming the 

species inhabiting the area. Wind can carry pesticides into other areas inhabited by a multitude 

of species.  

Overall, there are many incentives for investors to invest in our company. Investors will 

invest in our service because we can reduce pesticide usage, and thus reduce the negative 
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impact on the environment. We also save money for farmers, which give them an incentive to 

use our service. This should ensure that our business will be profitable, which is the largest 

incentive for investors. 

4.5 Timeframe  

Timeframe is a crucial aspect of the business case. When creating a product, events 

that take place during the process are not sequential; they overlap. Every project begins with 

research and development. In order to sustain this phase as well as all of the others, we will 

need to begin to collect funding from the beginning.  

After the research and development phase, construction of the UAV will commence. Our 

company would not be constructing the UAV ourselves, it would be done by hired professionals. 

This would take approximately one week. The time includes ordering the parts as well as 

assembling the UAV. The UAV is not particularly complicated, so given a set of plans, it will only 

take 10 hours for two professionals to assemble it.  

As soon as possible, we will begin seeking FAA approval so that by the time the product 

is finished and ready for final launch, we will already have approval. The time it takes for our 

product to be developed, tested, and launched is greatly determined by receiving FAA approval. 

This process takes at least six months but because the UAV industry is rapidly expanding, it is 

taking even longer to get FAA approval for them. FAA approval includes test flights of the 

constructed UAV. These test flights not only help achieve approval but also show potential 

investors and customers that our product is functional. We believe that we will be able to obtain 

approval after 3 years, which includes the time in which congress will be legislating FAA 

regulations.  

As soon as we have our permit, we will begin detection for plant health. This period will 

last for approximately three years, as the R&D and marketing takes place. Once we have our 

business fully functional, we will closely monitor demand to determine when it would be 

appropriate and healthy for the company to expand.  

After 10 years, it will be time to reassess our business. We may stay as a service 

provider, or we might become a biotechnology company. We will assess our profits, potential 

growth, competition, and the overall health of the company to make this decision. This would 

also be the time that our company would assess if it would be appropriate to go public.  

Funding is a process that occurs throughout the entire project. Our revenue will be put 

into paying employees, marketing, loan payments, and building our UAV. This phase continues 
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as long as the company is in business. Even once we have no need for new investors, venture 

capitalists who originally invested in our company own a portion of it and therefore stay 

involved.  

 
  

 

 

 

 

 

4.6 Pricing 

Although it is not necessary to provide an exact price in this challenge, we found it 

appropriate to go through the pricing process, and find a viable price. Below are the data and 

calculations through which we found our price. We estimate that monitoring plant health will 

yield a 12% overall increase in crop yield and that by using Next Level Technologies 

indicator corn, overall crop yield will increase by 20%, along with a maximum of $1,305,600 

in pesticides. 

 

Increased Profit to Farmers 
 
Organic Corn: $13.12/bushel 
Average: 150 bu/ac 
Operational Cost/Acre for Farmer: $600 
Operational Cost for 25 Square Miles: $9,600,000 
 
Bt Corn: $3.56 
Average: 175 bu/ac 
Operational Cost/Acre for Farmer: $200 
Operational Cost for 25 Square Miles: $3,200,000 
 
Pesticides: $32/acre 
Cost of Pesticide for one spray: $512,000 
Predicted Cost of Pesticide Post-Indicator Plant per one spray: $76,800 
(10% of previous amount of pesticides used + 5% margin of error) 
Savings of Pesticides to Farmers for one application: $435,200 
Savings for two applications: $870,400 

Figure 20 – Ten Year Company Timeline 
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Savings for three applications: $1,305,600 
 

Organic Corn: 
 

No Monitoring Techniques   
Initial Revenue ($13.12 x 150 bu/ac x 16000 acres): $31,488,000 
Net Profit ($31,488,000 - $9,600,000): $21,888,000 

 
With Next Level Plant Health Monitoring Service (12% Increase in Crop Yield) 
Initial Revenue ($31,488,000 x 1.12): $35,266,560 
Net Profit ($35,266,560 - $9,600,000): $25,666,560 
Increased Profit: $3,778,560 

 
With Next Level Plant Health and Pest Monitoring Service (20% Increase in Crop 
Yield + Pesticide Savings) 
Initial Revenue (($31,488,000 x 1.2) + $435,200): $38,220,800 
Net Profit ($38,220,800 - $9,600,000): $28,620,800 
Increased Profit with one Pesticide Application: $6,723,800 
Increased Profit with two Pesticide Applications: $7,159,000 
Increased Profit with three Pesticide Applications: $7,594,200 

 
Pricing: 
 
Plant Monitoring Service: $300,000 
Additional Flights: $100,000 
 
Plant Monitoring + Pest Management: $600,000 
Additional Flights: $200,000 
 
After the seeds have been developed:  
Included in the price is the payment for the seeds as well as two flights, one for each 
generation. This extra flight would cost our company $30,852.06, which only includes the cost of 
labor, consumables and the data analysis.  
 

Bt Corn: 
 

No Monitoring Techniques 
Initial Revenue ($3.56 x 175 bu/ac x 16000 ac): $9,968,000 
Net Profit ($9,968,000 - $3,200,000): $6,768,000 

 
With Next Level Pest Monitoring Service (Pesticide Savings) 
Initial Revenue ($3.56 x 175 bu/ac x 16000 ac): $6,768,000 
Net Profit with one Pesticide Application: $7,203,200 
Net Profit with two Pesticide Applications: $7,638,400 
Net Profit with three Pesticide Applications: $8,073,600 
 
Increased Profit with one Pesticide Application: $435,200 
Increased Profit with two Pesticide Applications: $870,400 
Increased Profit with three Pesticide Applications: $1,305,600 
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Pricing: 
 
Pest Management Service: $150,000 
Additional Flights: $75,000 
 
4.7 Objective Function Value 

Mission Values  
 
Flight Time: 3 hours  
Transportation: 8 hours  
Data Analysis: 98 hours 
Total Mission Time = 109 Hours 
Flight Personnel Cost per Hour: $475 
Data Analysis Cost per Hour: $300 
Personnel Cost per Mission: $34,625 
Personnel Cost per 50 Missions: $1,731,250 
Initial Cost: $50,118,337.02   
LCC: $51,849,587.02 
Maximum Increased Crop Yield: $7,594,200 
Increased Crop Yield over 50 Missions: $379,710,000 
Objective Function Value: 7.58 
 
4.8 Product Achievability 

Our product ends up costing the farmer significantly less than tractor-based precision 

agriculture, which is implemented on many farms. If our profit-saving margin was minimal, 

farmers would be hesitant to try out our newly designed method, and resist the change if they 

could. However, we believe that the profit-saving margin is significant enough that farmers will 

make the switch from non-precise agriculture or their pre-existing method of Precision 

Agriculture to our newly designed method.  

Thinking in the long-term, as the population grows around the world, the food production 

industry will need to become more efficient. More food will need to be grown for less money, to 

feed the growing population. Our solution allows for a higher yield because we are monitoring 

overall plant health and increasing accuracy of pesticide use, which decreases cost. 

Due to the large amounts of importing/exporting that occurs in the modern world, 

invasive species are becoming increasingly prevalent around the world. Invasive species arise 

when an organism is moved to a place where their main predators aren’t prevalent, and the 

organisms thrive to the point where they become harmful to their new environment. In Europe, 

one of the main predators of the Corn Borer is the Common Flowerbug. The Common 

Flowerbug is found across Europe and Northern Asia but not found in the United States. As 
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more invasive species appear around the world, the detection of these species will become 

more necessary. Due to the abilities of our UAV, software, and indicator plant, we could detect 

invasive species in almost any crop with minor modifications. 

 
4.8.1 Pesticides 

Every year, nearly one billion pounds of pesticides are sprayed on fields in the US. 

Pesticides are usually toxic and dangerous chemicals. Law firms such as EarthJustice have 

been fighting for legislation that strictly regulates pesticide use. If these regulations were put into 

place, farmers will need to find ways to reduce their pesticide use. The only way to reduce 

pesticide use drastically without suffering a huge, widespread loss in crops and money would be 

through Precision Agriculture. This is why our company would be extremely effective; not only 

would we be improving the overall environmental health of previously affected areas, we would 

also be increasing the farmer’s profit. We would receive grants from the government and, at the 

same time, provide a service to farmers to help them reach the potential regulations.  

Pesticides also have a huge negative impact on the environment. Over 98% of 

insecticides reach a destination other than their intended species because of the broad target 

application method that is used. Runoff is a big factor as well, where it can carry pesticides into 

aquatic environments such as streams and rivers and pollute the habitat, subsequently harming 

the species inhabiting the area.  

It is important to note that while pesticides are certainly detrimental in many ways, it is 

still absolutely necessary to apply them to maximize farmer profits and crop yield. Our service 

with UAVs would simply decrease the amount of the unnecessary pesticides used as much as 

possible. 

 

 
(http://earthjustice.org/our_work/campaigns/pesticides-in-the-air-kids-at-risk) 

Figure 21 – Pesticide Harm and Costs 

 

http://earthjustice.org/our_work/campaigns/pesticides-in-the-air-kids-at-risk
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4.9 Project Team 

In the research and development phase, there are seven team members, each with a 

different job and each bringing unique qualities to the team. First, a team needs a leader. The 

Leader settles disputes, ensures that the project is going smoothly and is on time, and 

establishes the schedule. The Leader is a knowledge generalist, having a fair amount of 

knowledge about all of the aspects of the project. They must keep up with every aspect of the 

project and connect the various parts of the project. The other roles are filled by people who are 

knowledge specialists. A solid writer is needed for documenting the project. The Writer takes 

notes on important events and presents them to the team as well.  A Lead Engineer and 

Assistant Engineer are needed to design the UAV. The two work together, brainstorming and 

bouncing ideas off of one another. Two engineers are needed because with only one, they can 

miss a detail or make a small mistake that can lead to major problems. A head researcher is 

necessary to gather all the facts and compile them to use to write the report. Finally, a member 

must be put in charge of finance and marketing to make sure that the project meets its price 

requirements as well as assures that the final product will be profitable. A project scientist is 

necessary to perform calculations. 

4.10 Conclusion   

In conclusion, our solution is the only viable method that is able to detect European Corn 

Borers with high accuracy. This method has the ability to completely revolutionize the 

agricultural industry. It is able to significantly increase crop yield by 20% and drastically 

decrease pesticide usage by about 85%. Our solution is the future. 

 
5.0 Team Engagement 
5.1 Team Formation and Project Operation 

A successful RWDC team is a group of students genuinely interested in the field of 

science, technology, engineering, mathematics, and business (STEMB). Background 

knowledge of aircraft, engineering, scientific writing, and marketing is vital to develop a 

presentable final product. While the majority of our team had no previous experience in 

participating in the Challenge in previous years, each member of the team brought a unique 

talent that was crucial to the completion of our report. We each took on different roles based on 

our individual skills and interests. However, this is not to say that we were restricted to our roles. 
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Together, we worked as a team to keep everyone up-to-date as we progressed through the 

Challenge. 

 
Before the formation of Next Level, there was one team composed mainly of seniors 

who would be graduating and attending college at the end of the year. After the National 

Challenge date was released, all of the seniors, other than Sai, dropped out due to the date of 

the Challenge being moved. Multiple of RWDC members including Clark, Alec and Sai still 

wanted to participate in the Challenge despite losing the seniors. As a result, Clark Deng, 

decided to take on the role of leadership. Clark created a potential pool of candidates who were 

interested in RWDC in an effort to create one strong, well rounded team. Based off of 

experience from the previous year, Clark wanted to build a balanced team rather than one 

focusing on only one aspect. 

After building a basic structure consisting of returning senior engineer Sai Andra and 

new business manager Alec Gelfenbein, the selection process was streamlined by creating an 

ideal core team structure. From this point, Next Level created a basic structure of the roles of 

each team member and worked off of what each potential member could bring to the team while 

attempting to create a balance between the documentation and engineering aspects of the 

Challenge.  

The team worked to strengthen documentation with the addition of Daniel Yi, who 

sported a strong work ethic along with solid writing skills. He took on the role as the Project 

Documenter. The team discovered that the Challenge involved business as an important aspect 

of the final report. Alec presented strong math and writing skills, along with a knowledge in 

marketing and finance, allowing him to fill this role appropriately. Derek Gagnon was selected as 

the Project Communicator for his strong communication skills and his broad knowledge of all 

topics. Sai was expected to serve a crucial role for our team, bringing 3 years of modeling 

experience along with over one year of CAD experience and a strong interest in aeronautics. He 

was chosen to lead the engineering team. Along with Sai, Thomas Urbanak was chosen as the 

Simulation Engineer due to his experience in CAD and modeling. Overall the selection process 

was fairly time-consuming because of the many factors and assets that were taken into 

consideration, including work ethic, chemistry, strengths, ability to work on a team, etc. 

Figure 21 – Process of Establishing Team Roles 
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After completing the State Challenge, the team found many of the roles originally 

assigned to be unnecessary and worked to create new ones. Derek was assigned to be the 

Chief Research Officer with the goal of creating the best detection plan possible for the 

Challenge. Daniel Chang was originally nominated the Project Mathematician due to his 

mathematical skills. However, after the State Challenge, we found the Project Mathematician to 

be too restricting of a role. He evolved to become the Project Scientist.  

 

The new team roles were derived from the outlined skillset and responsibilities, and they 

were then assigned to each respective member. By doing so, everyone intuitively understood 

their place on the team, and thus everyone was in a position to assume and effectively complete 

tasks. 

 

5.2 Acquiring and Engaging Mentors 
Mentors were an invaluable resource for our team because of the knowledge they 

brought to the team. They have years of professional experience and our interactions with them 

throughout the Challenge helped us move along our writing and engineering processes. They 

answered our questions to the extent of their knowledge, provided us with other resources to 

obtain necessary information, and gave feedback on each part of our report. The interactions 

with mentors made the entire process a thorough learning experience. To effectively utilize 

every mentor, the team developed and followed a framework for mentor interaction. 

Fully aware of the importance of mentors, we started the process by first deciding which 

fields of expertise were relevant enough to our project that being in contact with a professional 

in said field would be beneficial. We contacted many people to establish a broad range of 

skillsets and knowledge bases at our disposal. We integrated our mentors’ knowledge to fill in 

gaps of our team’s knowledge, and their efforts also acknowledged each part of our overall 

process and provided valuable feedback. In particular, we searched for mentors with knowledge 

regarding European Corn Borers, aviation safety, and finances for the business aspects. We 

also looked for mentors who specialized in aerospace and electrical engineering to further 

extend our knowledge in those respective fields. 

Our main method of communication with our mentors was a team designated email 

account, which was established once the team was constructed. Every member of the team had 

access to the email, allowing for each member to expand their knowledge through having direct 

communication with any mentor. Independently, members had the ability to ask our various 

mentor’s questions; while our team communicator took care of the general questions and 
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communication from the team as a whole. Occasionally we had teleconferences with our 

mentors to address urgent questions. During these teleconferences we made sure to record the 

conversation (after receiving consent from the mentor) and take notes as to not lose any 

valuable information. 

 

 

Name: Email Address: Occupation: 

Bob Camp* bcamp@vectron.com Electrical Engineer 

Frank Davis fdavis@entomology.msstate.edu European Corn Borer Specialist 

Jac Varco jvarco@pss.msstate.edu Agronomy Science 

Jeffery Willers jeffrey.willers@ars.usda.gov Insect Pest & Agriculture 

Jerome Coonen jerome_coonen@trimble.com Trimble Navigation 

Julie Sharp* julie.a.sharp@faa.gov Operations Research Analyst 

Matthew Fuller* matthew.fuller@faa.gov Aviation Safety Engineer 

Thomas 

Sappington* tsapping@iastate.edu Research Entomologist; Iowa State  

Jayden Garetson* jaydengaretson@gmail.com 

Integrated Pest Management UAV 

Specialist 

Kan Wang* kanwang@iastate.edu Director of Plant Transformation; Iowa State  

Edward Darling* edarling@sbschools.net Grammar and Editing Teacher 

*Denotes National Mentor 

Figure 22 – Mentor List 

Our overall experience working with our highly skilled mentors proved extremely 

worthwhile for our time. Our mentors were experts in their fields, and had vast knowledge of 

aspects of the Challenge that proved to be invaluable. All the professionals we contacted were 

very friendly and more than happy to assist our team. The few that were unable to be our 
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mentors declined politely and were disappointed that they couldn’t work with us. Every member, 

at some point, was in direct contact with at least one of our mentors. All of our members agree 

that we couldn’t have asked for more professional, helpful, friendly, and insightful mentors. 

 
 
5.3 Tool Set-up/Learning/Validation 

A big challenge that our team faced for the National Challenge was organizing meetings 

during the summer. Getting all the team members together for meetings and Skype calls was a 

hassle because of everybody’s different obligations and often conflicting schedules. The lead 

engineer had to take time off for college halfway through, and many of the members were away 

for periods of the summer. Therefore, coordinating a meeting, or even a Skype call where 

everybody was present was difficult. Instead of trying to coordinate full meetings, the Project 

Manager split up the team into smaller groups that were left in charge of working on different 

aspects of the Challenge (FAA Regulations, Detection, etc.) and gave assignments that could 

be completed by smaller groups. This way, he could meet with the groups at different times 

depending on their schedules. This proved to be highly effective.   
Sai, our lead engineer, is currently a freshman in college at Embry-Riddle Aeronautical 

University. He continued to contribute to the Challenge by working long-distance from the 

University. This proved to be a challenge for us because he was not readily available to 

communicate with our team all of the time. While the issue was mostly solved through Skype 

calls, it still did not allow for ideal communication. 
MathCAD was used to calculate our maximum range and speed, as well as confirm our 

drag coefficient calculations, which were initially done using JavaFoil. They were also used for 

several other quick calculations that arose. During the process, some of the MathCAD sheets 

weren’t compatible with each other. This was overcome by manually doing the calculations. 

There were no options for tailless aircraft or varying taper ratios. In most cases, the tail area 

could be set to a value so low it was negligible in the final calculations. In others, the 

calculations had to be done by hand. 
Due to Sai’s prior interest and experience in aeronautics, he proved to be proficient in 

Open VSP and Creo right from the start. The next step was for Sai to teach Thomas, the other 

engineer on the team, how to use the software.  
 From the start it was clear we would need software to aid in the design of the aircraft. 

We began by using Open VSP for concept designing. Open VSP is simple to manipulate, quick 
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to use, and powerful, making it the perfect program for creating initial, basic designs. 

Fortunately, Sai was already proficient with Open VSP, and Thomas was a quick study. With 

Open VSP, we could model a prototype in less than an hour compared to the possible days it 

would have consumed with other programs. We also used JavaFoil, an easy-to-use airfoil 

analysis program. These programs allowed us to iterate quickly, letting us quickly optimize our 

system based on input from mentors and research.  
Throughout the Challenge, we didn’t see many reasons to use Creo or any full-fledged 

CAD program besides design renderings and dimensioning. Initially, when we tried to dimension 

in Creo Parametric, we ran into the issue of not having any data points to select for the 

dimension tool. Finally our team coach, Stephen Barner, came across information stating that it 

would be highly ineffective to continue exporting as an STL. Instead, we had to export as a 

DXF, which provided us with the data points we needed. Even after doing that we found the 

dimensioning system in Creo Parametric rather difficult to use, and decided to just use AutoCAD 

for the dimensioning. We only used Creo for the final rendering.  
 In terms of file storage and organization of documents, we used Google Drive. Google 

Drive has established itself as a clear leader in collaborative software. Google Drive was our 

database for everything from storing PDF and Excel files where everyone could reach them with 

ease, to collaborating on written files, like the project documentation. Drive allowed us to 

efficiently get files from one computer to another and have the capability of everyone 

simultaneously working on the same document. Without using a collaborative software like 

Google Drive, progress would have been much slower. The Google platform allowed us to 

integrate our communication platform with our file storage platform allowing for much easier 

collaboration.  

 
5.4 Impact on STEM 

Though our team had much experience with STEM topics entering the Challenge, the 

additional business perspective added a new dimension into the Challenge. Overall, we all 

strengthened our skills in mathematics, science, technology, engineering, and business. This 

challenge required us to utilize our knowledge in mathematics, key concepts from physics, and 

software used in the engineering industry. Our knowledge of the engineering process increased 

throughout the course of the Challenge, and each member was involved in every phase from 

research to design. Our ability to work together has improved tremendously, and the success of 

the team can be attributed to its synergy; no problems go unsolved in a united team. 
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The Project Manager, Clark, has always demonstrated a proficiency in mathematics as 

well as an interest in engineering. For Derek, the Chief Research Officer, his objective and 

analytical way of thinking has fortified his desire to go into mechanical engineering. Thomas and 

Sai have made invaluable contributions to the project, driven by their passion for 

architecture/CAD and aeronautical engineering, respectively. Sai who is currently a freshman at 

Embry Riddle Aeronautical University said that he found the experience immensely helpful for 

him as an aeronautical engineering student. Daniel Yi brings his talents as a writer to the team 

and endeavored to ensure that the project documentation is at the highest level of quality. Head 

Researcher, Daniel Chang, brings his researching work ethic which drives the team’s 

researching. Finally, Alec is planning going into a business-related field of engineering; he 

wants to learn how to apply engineering concepts to business.  

Upon completing the Real World Design Challenge, we all agreed that through the long 

hours and dedication, we’ve developed a much better understanding of not just UAVs and 

precision agriculture, but also the applications that all of the different aspects of the challenge 

have on the real world as well. For Clark, the Challenge has only fortified his interest in 

engineering and provided him with valuable leadership skills that would benefit him in the future. 

Derek was largely involved in the technical aspects of the detection plan of the Challenge as 

well as communicating questions to the mentors, and is still determined to pursue a career in 

mechanical engineering. The Challenge provided an excellent outlet for Sai and Thomas to 

demonstrate their interest for engineering/CAD, and the experience has only confirmed what 

their future career choice will be. Daniel Yi, while not explicitly pursuing a career related to 

engineering, math or science, has taken away many important life-long skills and experiences 

from the Challenge, and further improved his writing and problem-solving abilities through his 

position as Project Documenter. Daniel Chang proved invaluable as the Project Scientist, and 

his dedication towards quality research provided the team with a lot valuable information. 

Finally, Alec was a perfect addition to the team due to his love for the business-related aspects 

of engineering and has solidified his interest in the combination of engineering and business. 

Another requisite that The Real World Design Challenge has advocated for is good 

teamwork, which has improved exponentially throughout the time of the Challenge. Similar to 

professional scientists, mathematicians, and engineers, the eventual success can clearly be 

attributed to the mutual synergy of the team and thus is applicable to the “real world.” 
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