
of  the fins the stand was made 3 inches by 3 inches, with the servo 
mounted in the center of  the fin. The final payload was assembled 
and a global positioning system (GPS) and an inertial navigation 
system (INS) were mounted onto the surface (Figure 3). The payload 
was also fit with a battery pack and the parachute. An Arduino Mega 
was used with a GPS, INS, and servos running Arduino software. The 
goal was for the GPS to report package location and the INS to 
report velocity and acceleration during package drop. This 
information would be processed through the Arduino and translated 
into fin movement, allowing the package to autonomously land in the 
target zone. The dropping mechanism was constructed using a servo 
clamp and string. The servo clamp was attached to a pin and when the 
servo rotated 180° the pin pulled free releasing the payload (Figure 4). 
An issue encountered was having the servo pull with enough force to 
pull the pin out. This was fixed by extending the length of  the arm on 
the servo with a zip tie and attaching the end of  the zip tie to the pin. 
Once assembled the payload was dropped, without the use of  the 
guiding fins, from a height of  100 feet, to establish area sizes for the 
baseline CEP zones. The parachute deployed during the drop to keep 
the payload from being damaged by a hard hit on the ground. The 

The fins showed promise in the programming phase. Time 
constraints prevented them from being tested in the field. Further 
research could involve field testing these fins following some 
additional necessary fine tuning of  the code. This research could be 
built upon by testing different types of  guided airdrop systems to 
include CO2 propulsion and/or propellers to determine which system 
was best. In comparing different guided airdrop systems it would also 
be important to take cost into consideration. 

The United States government has made a considerable investment 
in drone technology. However, According to Xinhua, Beiguo, 
Xinbing, and Shucheng there is still a lack of  quantitative data and 
analysis of  airdrop adaptability (2013). The purpose of  this study was 
to see to what extent using a guided airdrop system would improve 
the accuracy of  a package drop. Circular Error Probability 
(CEP) would have been used to measure the distance between each 
drop and the intended target location. CEP zones can be categorized 
in terms of  CEP 50 and CEP 90 zones. The size of  a CEP 50 zone is 
determined by measuring the size of  the area in which 50% of  the 
drops land. The size of  the CEP 90 zone is determined by measuring 
the size of  the area in which 90% of  the drops land. The goal of  this 
research was to minimize the areas of  the CEP 50 and CEP 90 zones 
through the use of  a guided airdrop system. The guided airdrop 
system would allow the package to self  course correct with actuating 
fins.

The base for the payload design was constructed in Fusion 360 as 
shown in Figure 1. A Tarot 680 Pro drone was used for this project 
(Figure 2). This drone was used because it could hold five pounds of  
weight and hover in one spot. The base of  the payload was 9.875 
inches by 14.75 inches. The size of  the payload was based on the 
width of  the drone’s legs. The fins and servo stands were also 
constructed in Fusion 360 and laser cut in 3 mm Baltic birch. Based 
on preliminary testing a rectangle was later cut in the center of  the 
base to allow more air to reach the parachute for quicker deployment. 
The stands were constructed to keep the fins from hitting the ground 
when the payload was deployed and landed. To account for the height
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Figure 1: The Fusion 360 
model with fins attached to the 
servos and payload (9.875 in. 
by 14.75 in. base). 

Figure 3: The fully 
constructed payload with 
the parachute folded the 
optimal way. The INS and 
GPS can be seen in the 
bottom left corner of  the 
payload. 

second phase of  testing was intended to be a series of  controlled 
drops using the fins to guide the payload to the ground, this set of  
drop locations would have established the experimental CEP zones to 
compare to the baseline data. To improve accuracy between rounds 
of  testing the code to move the fins would have been adjusted.

During testing a variety of  issues were encountered which delayed 
progress, and ultimately, the fins were untested during a live drop. 
During the initial phase of  testing working out issues related to 
parachute deployment required more trials than originally anticipated. 
This coupled with the fact that testing the parachute resulted in the 
need for several drone repairs caused time consuming delays. Fixing 
the drone required time spent on waiting for parts to ship before the 
repairs could be made. One of  the suspected reasons for the multiple 
drone crashes was an issue with the gyroscope. The purpose of  the 
gyroscope was to keep the drone steady during flight by 
autocorrecting the position of  the drone to account for wind. It was 
suspected that the gyroscope would shake while the drone was in 
flight and cause the drone to become unbalanced. This would create a 
spiral affect of  over and under correcting that eventually caused the 
drone to crash. Another factor that delayed the research was weather. 
The drone could only be flown in wind conditions less than 10 miles 
per hour.
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Figure 4: The dropping 
mechanism used to release 
the payload while the drone 
was in the air.
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Figure 2: The Tarot 680 Pro drone 
(27.362 in. fin to fin) that carried 
the payload for testing.


