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ABSTRACT 

Introduction: Flies possess some of the best aerial abilities in the world and are able to detect, 

process, and evaluate visual stimuli faster than any other organism. Flies land upside-down in 

three different ways, a pitch landing, a barrel roll landing, and a hover/probe landing.  This 

research focuses on modeling the angle of a fly’s landing.   

Methods: Slow motion cameras recorded wing and body motion of flies presented with a viable 

ceiling to land onto.  These recordings were digitized in MATLAB and the orientation angles 

were stored in three by three arrays known as rotational matrices.  The nine values in the matrix 

were used to calculate Euler Angles of the fly’s body positions, as well as the angular velocity of 

the specific motions preformed during landing.   

Results: The peak angular velocities for the landings were found to be approximately 

4500º/second, 6000º/second and 3500º/second for pitch, barrel roll and hover/probe 

consecutively.  It was found that the orientation of the pitch landing started with all values 

around 0º which changed as the fly moved around the pitch axis, increasing the roll value to 180º 

at landing. Barrel roll started at 0º which changed as the fly moved around the roll axis, 

increasing its pitch to 180º at a higher rate than any other method. The hover/probe landing had 

the same configuration as pitch with slower angular velocity.   

Conclusion: The landing methods of Calliphora vomitoria are useful for biomimetic applications 

due to their high levels of maneuverability and speed.  Applications include MAV’s (micro air 

vehicles) and various drone applications.  The pitch and barrel roll landings can be used in 

situations where ample visual information is present, while the hover/probe landing can be used 

where minimal visual input is present as this landing relies on mechanosensory input instead of 

visual information. 

 

 

 

 

 

 

 

 



	

	 4	

TABLE OF CONTENTS 

 

List of Figures and Tables……………………………………………………………5 

 

Introduction…………………………………………………………………………..6 

 

Methods………………………………………………………………………………8 

 

Results……………….………………………………………………………………10 

 

Discussion and Conclusions………………………………………………………...16 

 

References…………………………………………………………………………..17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	

	 5	

LISTS OF FIGURES AND TABLES 

 

Figure 1: Setup Diagram………………………………………………….……………………...8 

 

Figure 2: Pitch landing; roll pitch yaw values…………………………….…………………....10 

 

Figure 3: Pitch landing; angular velocities of roll pitch yaw…………….……………………..11 

 

Figure 4: Barrel roll landing; roll pitch yaw values……………………….……………………12 

 

Figure 5: Barrel roll landing; angular velocities of roll pitch yaw………….………………….13 

 

Figure 6: Hover/probe landing; roll pitch yaw values representing body position………….....14 

 

Figure 7: Hover/probe landing; angular velocities of roll pitch yaw……….……………….....15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	

	 6	

INTRODUCTION 

The natural world has inspired people for thousands of years, but has only recently been 

accepted as a view for design.   The use of nature in engineering has also been established by the 

minds of many innovators in history.  This includes Leonardo da Vinci with his flying machines, 

as well as the Wright Brothers modeling their airplane after watching pigeon flight.  This use of 

the natural world and evolution in the design and creation of modern applications is called 

biomimicry.  Biomimicry is used to create more efficient and durable robots, which will be able 

to transverse rough terrain easily (Cham et al., 2002).  Other fields such as medicine can use 

biomimetic ideas by using tools covered in a synthetic shark skin which repels microbes using a 

complex nano-texture so that they are always sterile (Shravanthi et al., 2010).  Medical 

applications also include using mosquito proboscises as models to make smaller pain free 

needles to deliver medication and vaccines (Hayato et al., 2011).  One example of biomimicry 

used in architectural design is using termite mounds as models.  These mounds naturally create 

air circulation that can control the temperature inside to the degree (Worall 2003).   This design 

method is also used in energy, by making more efficient solar panels that mimic how plants 

produce their own energy (Gust et al., 2001).  The applications of biomimicry are almost endless. 

 Robotics can utilize biomimicry to become more efficient and durable.  The use of 

animal movement – locomotion – overcomes rough terrain and uses millions of years of 

evolution to create better designed machines.  These bio-inspired robots can climb walls using 

Van der Waals adhesion with gecko like setae (Kellar et al., 2002), swim by mimicking fish 

locomotion (Marras et al., 2012), and can fly by mimicking bird and insect locomotion, as well 

as wing structures (Ma et al., 2013).  Biomimicry is opening up a whole new world of possibility 

in the design of robotics. 

 Flying robotics is not a new idea; unmanned flying vehicles have been around since the 

end of World War I to create easier surveillance and bomb strikes.  Using insect locomotion, 

smaller, quieter, and more efficient unmanned flying vehicles can be made (Wood 2008).   

 Insects have been on the planet for millions of years, and were the first forms of life that 

utilized the ability of flight for survival.  Because of this, insects have some of the most complex 

flight structures on the planet (Dickenson 1999).  A fly’s waxy membrane on the wings help to 

stabilize them during flight (Kreuz et al., 2001), as well as many other sensory organs.  These 

sensory organs include the haltere, which acts as a gyroscope and oscillates at approximately 
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200Hz during flight (Dickenson 1999).  Also, compound eyes are the fastest visual processors in 

the animal kingdom (Egelhaaf 2002) as well as hairs and antennae which can detect the 

surrounding airflow (Hollick 1940).   

 In order to achieve the proper amount of lift, flies move their wings at a high angle of 

attack to create a leading edge vortex (Ellington et al., 1996).  This vortex of air provides the 

additional lift needed to achieve flight.   

When in flight, flies land on an inverted surface (ceiling) using three different techniques.  

The first technique is a pitch landing, which involves the fly moving upwards, reaching out with 

its forelegs, grabbing the ceiling and flipping its body upward.  Second, a barrel roll landing 

involves flying upward at a rapid speed and twisting 180° using the left-over momentum to 

successfully land.  Lastly, hover/probe landing is where the fly hovers directly beneath the 

ceiling, probing upward to locate how far it needs to adjust, and grabs the ceiling with its 

forelegs (Tammero et al., 2002).  By modeling and recording the Euler Angles and angular 

velocities of a fly during its upside-down landing, we can possibly create drones that use the 

fly’s advanced landing techniques. 
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METHODS 

Using three FastCAM MINI UX100 Photron cameras, we recorded two different types of 

fly landings.  This was done by placing approximately 15 adult bluebottle flies (Calliphora 

vomitoria) into a 22.5cm by 22.5cm by 22.5cm plastic box (walls of cube are 0.30cm thick) with 

a 10cm by 10cm square hole cut on the upper face.  This hole was then covered with Stretch-Tile 

plastic wrap and covered with a mesh netting to provide a visual surface for the flies to land on.  

The box was held in a metal cage with openings for three different cameras on the front, bottom, 

and right faces.  (As shown in Fig. 1 below) 

 

  

  

 

 

 

 

 

 
 

 

 

 

Fig. 1 (setup diagram) 

 

After all cameras were properly focused and wired into a computer running Photron 

FASTCAM Viewer, a manual trigger was wired into all cameras to cause them all to record in 

synchrony.  In order to calculate the calibration coefficients – which allows a digitization 

program to function properly – a 13mm X 13mm X 13mm calibration cube with 18 points were 

recorded by all the cameras simultaneously, allowing each point to be viewed by all of the 

cameras in the used frames.  These images of the cube were then imported into DLTcal5 

software (Hedrick 2008) and were used to create the calibration coefficient.  An easyWand 

calibration tool (Theriault et al., 2014) is also used to create another coefficient, which increases 

the accuracy of the calibration. 

Perching area

Highspeed
  cameras

Flight chamber

LED lights



	

	 9	

 After calculating the calibration coefficients for the trial, and inserting approximately 15 

adult bluebottle flies (Calliphora vomitoria) into the plastic cube, we shook the cube three times 

while pressing the manual trigger once the cube landed the final time.  After finding a viable 

landing by one of the flies, and trimming the video to the usable parts, we imported the videos 

from the three cameras into DLTdv5 software (Hedrick 2008) in order to digitize the videos.  

From the digitized data points, we used a custom MATLAB program to calculate the Euler 

Angles of the three different landing techniques.  All of the angles used by the fly are stored in a 

Rotation Matrix, which is a three by three array.  These nine angles are used to calculate the 

three Euler Angles (roll, pitch, yaw), as well as the angular velocity of the body in motion.  

These angles in the Rotation Matrix describe the body moving to any other position.  Due to 

there being three different rotations – yaw, pitch, and roll – we used Fick orientation Euler 

Angles. 

Rotation Matrix: 𝑅 =
𝑅## 𝑅#$ 𝑅#%
𝑅$# 𝑅$$ 𝑅$%
𝑅%# 𝑅%$ 𝑅%%

 

Pitch:	Θ = 𝑡𝑎𝑛+#(−𝑅%#, 𝑅##$ + 𝑅$#$ ) 

Roll: Φ = tan+#( 567
89:;

, 5<<
=>?;

) 

Yaw: Ψ = 𝑡𝑎𝑛+#( 567
=>?;

, 577
=>?;

) 

 

These angles are used to graph the position of the fly in Euclidian Space, the yaw pitch 

roll values of the fly body, and the yaw pitch roll rates – which shows the angular velocity of the 

fly body.     
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RESULTS 

Flies land in the three defined ways: pitch landing, barrel roll and hover/probe landing.  

The most common is the pitch landing, then the hover/probe landing, and the rarest being the 

barrel roll landing.  Each will be discussed in turn. 

Pitch Landing: 

In this landing the fly is rotating its body forward on the pitch axis while holding onto the 

inverted surface with its forelegs. Figure 2 (below) shows the roll, pitch and yaw values of the 

fly body during landing, but does not represent the motions occurring.  Figure 2 only shows the 

body position of the fly at a specific instance.  The increased roll value near the point of landing 

signifies the pitch landing. 

  

0 0.01 0.02 0.03 0.04 0.05 0.06
-200

-150

-100

-50

0

50

100

150

200
roll
pitch
yaw

Seconds	

D
eg

re
es

 

Fig. 2 (pitch landing; roll pitch yaw values) 
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Figure 3 (below) shows the rate of change in the roll pitch and yaw values over the landing time 

period.  Figure 3 represents the angular motion of the fly during landing, and shows that the top 

angular velocity of the fly was approximately 2000º/second.  The high pitch value (negative due 

to direction) shows that the fly is rotating about the pitch axis (head to tail) at the highest rate, 

while the roll value shows that the body was rotating slightly along the roll axis while landing.  

The yaw value should be disregarded as it is not important in this observation, and is changing 

mostly due to camera orientation.  The pitch velocity of about 4500º/second being greater than 

the roll velocity demonstrates that the landing relies on the fly properly rotating about the pitch 

axis while landing.   

Fig. 3 (pitch landing; angular velocities of roll pitch yaw)  
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Roll Landing: 

 In this landing the fly is rotating along its roll axis before landing, and using its 

momentum to grab onto the inverted surface.  Figure 4 (below) shows the roll pitch yaw values 

of the fly body.  The roll value change to 180º before landing illustrates the barrel roll landing 

method. 
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Fig. 4 (barrel roll landing; roll pitch yaw values) 

representing body positions) 
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Figure 5 (below) shows the angular velocity of the roll pitch yaw values of the barrel roll 

landing.  The peak at 0.03 seconds shows the highest velocity at approximately 6000º/second 

while turning about the roll axis, as well as the pitch velocity of approximately 3500º/second.  

The high roll velocity at 0.03 seconds which then returns to 0º/second clearly shows that the fly 

rotated its body 180º (Fig. 4), stopped (Fig. 5), and then landed which is shown in Figure 5 when 

all the rates either return to 0º/second or slope towards 0º/second.     

 

Fig. 5 (barrel roll landing; angular velocities of roll pitch yaw) 
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Hover/Probe Landing: 

 In this landing, the fly approaches the inverted surface with its forearms outreached, and 

when the forearms make contact with the surface, the fly moves its body similar to that of the 

pitch landing, but uses its other legs to help grasp the surface while moving.  This landing is used 

when the fly has little visuals, and relies on mechanosensors in the forelegs (Breugel et al., 

2012).  Figure 6 (below) shows the roll pitch yaw values of the hover/probe landing, which are  

similar to that of the pitch landing.   

Fig. 6 (hover/probe landing; roll pitch yaw values of body positions) 
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Figure 7 (below) shows the angular velocities of the roll pitch yaw values of the 

hover/probe landing.  This landing is the slowest of the three methods due to the fact that it relies 

on mechanosensory feedback, instead of visual information.  The speed difference is most 

clearly shown in Figure 7, where the peak velocity was approximately 3500º/second.  The peak 

pitch value shows that the landing is similar to that of the pitch landing. 

 

Fig. 7 (hover/probe landing; angular velocities of roll pitch yaw values) 
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DISCUSSION and CONCLUSIONS 

 The results calculated were expected.  Due to the fact that the rates begin at zero, and end 

sloping downward indicates a correct representation of the fly’s landing.  The roll pitch and yaw 

values correlate to the landing patterns of the pitch, barrel roll and hover/probe landing methods.   

 Due to the specificity of this study, the angular velocities were unknown until now.  This 

data shows that the barrel roll landing has the highest angular velocities, which at its peak is 

approximately 6000º/second (about 1000 rpm).  The flies visual processing capabilities are much 

faster than that of any other organism, able to maneuver and change positions based on visual 

stimulus in very short time intervals. 

 A current problem is that a MAV (micro-air vehicle) may not have a fast enough 

processor to analyze its environment and adjust mid-landing.  Current MAV’s are usually 

tethered to a specific area which is monitored by external cameras and computers which are sent 

to the tethered robot. 

 Fly inverted landing maneuvers are extremely complex and will be useful for future 

robotics.  For further study, researchers can take the data collected and apply the angular 

velocities and body orientations to various robotic and biomimetic applications.  The pitch 

landing would be useful when ample space is provided, while the barrel roll is useful for fast 

landings with a proper estimation of the distance between the body and the point of landing.  

Hover/probe landing maneuvers can be used when a landing maneuver incorrectly estimates the 

distance between the body and the point of landing, or when the distance is unable to be 

estimated due to various circumstances.  The hover/probe landing can also be used when the 

visual data is not available, or is lacking.  It relies mainly on mechanosensory input which would 

require a tactile sensor on the drone/MAV.  The landing maneuvering methods onto an inverted 

surface of Calliphora vomitoria have the potential for future use in a biomimetic application.   
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