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Abstract 

 
Title: Evaluation of Augmented Reality Glasses for Use in Flight Test 

Courses 

Author: Leonardo Macena Silveira 

 

Advisor. Brian Kish, Ph. D. 

 

The objective of this thesis research was to analyze the implementation of new 

technologies into the flight test engineering major courses at Florida Institute of 

Technology. The focus was to use current augmented reality technology available 

in the market and create ways the students would be able to use it while performing 

experiments. Augmented reality is not the same as virtual reality. It is a technology 

that generates computer images of effect into an existing reality. In easier words, 

augmented reality projects images into the real-life surroundings the user locates. It 

allows the user to interact with the computer while the user enjoys the place where 

he or she is. Augmented reality has been used for many years to assist pilots, 

primarily for military purposes. The FAA and NASA use the term Synthetic Vision 

Systems (SVS) to describe use for aviation purposes. This technology is applied to 

give Heads-up information to the pilots.  

This research used the Epson Moverio BT-300 glasses, with sample code based on 

an open source code called GPS Raw. The code was developed to display two 

essential parameters for the user: altitude and groundspeed. The goal was to verify 

the information gathered from the glasses is the same or similar to the data 

collected from the aircraft instruments. The glasses were flown on three different 

aircraft, a Piper Warrior, a Piper Cherokee Six and a Piper Navajo. The tests were 

conducted from the Orlando-Melbourne International Airport, KMLB. The tests 

simulated two flight labs performed by the Performance for Flight Test Engineering 

Course, MAE5701; Airspeed Calibration and Climb Performance. Both tests 
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involved altitude and groundspeed. The results showed that the data recorded from 

the glasses did not match the data recorded from the aircraft instruments. Therefore, 

the glasses were not suitable to be used to assist students of the flight test program.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

v 

Table of Contents  
 

Abstract ..................................................................................................................... iii 

List of Figures ............................................................................................................ vi 

Acknowledgment ..................................................................................................... vii 

1 Introduction .......................................................................................................1 

1.1 Augmented Reality, Synthetic Vision Systems, Enhanced Flight Vision 
System, Heads-Up displays. ...................................................................................2 

1.2 Augmented Reality Glasses ........................................................................5 

2 Methodology ......................................................................................................8 

2.1 Using glasses as mirror display ..................................................................8 

2.2 Using the functions of the glasses to provide data ....................................9 

2.3 Equipment ................................................................................................11 

2.4 Aircraft......................................................................................................12 

2.5 Test Location and Conditions ...................................................................15 

3 Test Plans .........................................................................................................17 

4 Results ..............................................................................................................20 

5 Discussion .........................................................................................................32 

6 Conclusion ........................................................................................................38 

Appendix ..................................................................................................................40 

References ................................................................................................................41 

 

 

 
 
 
 
 
 



 

 
 

vi 

List of Figures  

Figure 1: Airbus A350 Head-Up Display. ....................................................................3 

Figure 2: Rockwell Collins Gen III Helmet Mounted Display (HMDS) ........................4 

Figure 3: Google Glass ad from 2013 .........................................................................5 

Figure 4: Aero Glass system with ODG R-7 glasses and Head motion tracking 

system ........................................................................................................................7 

Figure 5: Moverio BT-300 Users point of view of glasses ........................................10 

Figure 6: Epson Moverio BT-300 in detail ................................................................12 

Figure 7: Piper Cherokee Six N3736W .....................................................................13 

Figure 8: N618FT, Piper Warrior ..............................................................................14 

Figure 9: Piper Navajo, N4106F ................................................................................15 

Figure 10: Rate of Climb Piper Cherokee Six flight test ...........................................24 

Figure 11: Slope Comparison for the Climb Performance .......................................25 

Figure 12: Rate of Climb vs Altitude .........................................................................25 

Figure 13: Rate of Descent from Piper Cherokee Six ...............................................27 

Figure 14: Comfort issue of glasses and headset .....................................................30 

Figure 15: Display image of the AR glasses in use ...................................................34 

Figure 16: Head-Up Display ......................................................................................34 

Figure 17: Faro air. A possible headset that can be used with the glasses .............35 

Figure 18: Picture showing the record of data from the AR glasses on the Navajo 

flight test ..................................................................................................................37 

Figure 19: Rate of Climb for the Navajo Flight Test .................................................40 

Figure 20: Rate of Descent Navajo Flight Test .........................................................40 

 

 

 

 



 

 
 

vii 

Acknowledgment 
 

I would like to thank my thesis advisor Assistant  Professor Brian Kish, Ph.D. of the 

Mechanical and Aerospace department at Florida Institute of Technology. He has been not 

only an exceptional advisor but also a mentor. He is always helpful and proactive about the 

Flight Test Engineering program. He is a great faculty member and definitely on the top 

professors in the department. 

I would also like to thank the rest of the members of my committee Professor Ralph 

Kimberlin, Dr.-Ing. of the Mechanical and Aerospace department at Florida Institute of 

Technology and Associate Professor Stephen K. Cusick, J.D. of the College of Aeronautics 

at Florida Institute of Technology for taking the time to help me accomplish another 

educational milestone. Professor Kimberlin has been an outstanding instructor on the flight 

test courses for me. I would also like to thank my flight test pilots: Tommi Guess and 

Assistant dean of Flight Operations Isaac Silver, Ph. D. Thank you Tommi for all your 

devotion for the Flight Test Engineering program and for the assistance in my research and 

flight tests.  

I would like to thank my college mates who helped me with the areas that I was not 

familiar. I would like to thank the student Zachariah Watkins Wiseman of the Computer 

Science department and master student Aral Taser also of the Computer Science 

department. Your efforts to assist in understanding and developing the software have made 

a significant impact on this paper. 

Finally, I would like to thank my family for providing me with support and motivation to 

complete this thesis. Even from thousands of miles away, you have pushed me to improve 

myself every day. Special thanks to my father Julio Cesar Carvalho Silveira who especially 

supported me throughout my college years. Without your hard work, guidance, and 

dedication this would not be possible. Thank you.  

Author,  

Leonardo Macena Silveira 



 

 
 

1 

1 Introduction 

 
The concept of augmented reality technology for aviation use has been around for 

many years.  Synthetic Vision Systems (SVS) and Enhanced Flight Vision systems 

(EFVS) are terms used by the Federal Aviation Administration (FAA) on Advisory 

Circular 20-167A [10]. Such technology was mainly implemented on Heads-up 

displays. This technology was mostly developed to assist pilots. Limited visibility 

has been cited as the single most significant contributing factor in many fatal 

worldwide airline and general aviation crashes [9]. Over 30% of all fatal accidents 

worldwide are categorized as Controlled Flight Into Terrain (CFIT) [4]. CFIT 

occurs when a plane that has no mechanical failures and is adequately maintained is 

flown into the ground or water without any intention. EFVS and Head-up displays 

were proven to be a successful solution to prevent those accidents. Heads-up 

displays presented vital aircraft performance and navigation information to the 

pilot’s forward field of view. The information on the Head-up display was 

collimated so that symbols appear to the human eye to be at infinity and overlaid on 

the actual outside scene [8]. Even though commercial and military aviation sectors 

were taking advantage of EFVS and SVS, such technology was not standard on 

general aviation, and also it had not been used for other applications besides pilot 

assistance. 

This thesis has the purpose to develop and evaluate a pair of augmented reality 

glasses with the educational purpose to assist students in flight test engineering 

courses and experiments. The technology, the methods applied, and the evaluation 

criteria will be described in the following sections. The idea was to incorporate new 

devices to assist flight test engineers gather information in action. The problem was 

the lack of space in the cockpit to fit every equipment. The augmented reality 

glasses which can be found commercially available are an adequate equipment that 



 

 
 

2 
met the needs of the idea. The initial goal of this research was to develop a way 

where the user could acquire data from the glasses that was relevant to the task at 

hand.  A further study was performed to evaluate some human factors aspects of 

the device. The glasses could fulfill the requirements of data gathering; however, 

the side effects to the user could cause the product to be rejected. The initial point 

of discussion must be the augmented reality technology.  

 

1.1 Augmented Reality, Synthetic Vision Systems, Enhanced Flight 

Vision System, Heads-Up displays.  

 
The definition of augmented reality (AR) is the enhancement of the real-time view 

of the physical world by the addition of computer-generated imagery. Augmented 

reality aims at simplifying the user's life by bringing virtual information not only to 

his immediate surroundings but also to any indirect view of the real-world 

environment, such as live-video stream [6]. AR is different from virtual reality 

(VR). Virtual reality completely immerses the users in a synthetic world without 

seeing of the real world [6]. The type of display that is taken into consideration of 

this research is head-mounted display. Such kind of display device is worn on the 

head or as a part of a helmet, and that places both images of the real world and 

virtual environment over the user's view of the world [1]. 

Synthetic vision is a computer-generated image of the external scene topography 

relative to the aircraft that is derived from the aircraft attitude, high precision 

navigation solution, and database of terrain, obstacles, and relevant cultural  

features [10]. A synthetic vision system (SVS) is any type of electronic display able 

to provide the pilot and the flight crew with precise information provided by 

synthetic vision.  Enhanced flight vision systems (EFVS) add topography sensor 

imagery, aircraft flight information and flight symbology on a Head-up display to 
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the electronic display.  SVS and EFVS mostly work hand in hand. The FAA names 

such combination as combined vision systems (CVS). CVS includes database-

driven synthetic vision images combined with real-time sensor images 

superimposed and correlated on the same display. An FAA Advisory           

Circular 20-167A is the documented responsible for providing the standard 

requirements for such systems. 

EFVS used augmented reality to relay information to the Head-up display. There 

were many types of Head-up displays; commonly on commercial aviation, the 

display was fixed in front of the pilot's field of view such as on Figure 1 shown 

below. Figure 1 shows the Head-up display implemented on the Airbus A350. The 

Thales Group developed the equipment. For military purposes, the Head-up display 

has been integrated into the pilot's helmet such as in Figure 2. The Rockwell 

Collins Gen III Helmet Mounted Display System is the one shown in Figure 2. This 

helmet was developed to relay information and provide situational awareness for 

the F-35 pilots. The helmet inspired the development of personal electronic 

displays such as the augmented reality glasses.  

 

Figure 1: Airbus A350 Head-Up Display1. 

                                                      
1 Head-up display and imagery are copyright of Thales Groups.   
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Figure 2: Rockwell Collins Gen III Helmet Mounted Display (HMDS) 

These types of systems were initially developed for military purposes in the late 

1970s. NASA Langley’s research department developed a Head-up display in 

1988. The first Head-up developed by NASA was never published in any research, 

but it was the predecessor of the Head-up display used in the high-angle-of-attack-

vehicle [1]. Curiously, the first aircraft with an operational type of Head-up display 

was operated by the South African Air Force on a Mirage F1. The system was 

primarily used for target acquisition. The system proved to be so effective in in 

combat against Soviets fighters, that in 1985 the Soviets created a program to 

develop some type of Head-up display for the MiG-29. For commercial use, Head-

up display has been available since the mid-1990s. The Head-up display had 

proven itself a valuable addition to the flight deck, yielding many safety and 

operational benefits. The advantages of Head-up displays for commercial aircraft 

were derived from the “eyes-out” conformal view of the outside world with 

symbology and imagery overlay [i.e., augmented reality (AR)] without the 

requirement to go “heads-down” to look at flight instruments [2]. As technologies 

are developed, new equipment is being created for aviation. The next step is a 

personal head-up display, where the pilot can use it not only in one aircraft, but a 



 

 
 

5 
system developed to work with different planes. Proposed equipment is augmented 

reality glasses. The next section introduces the device which was used for this 

research.  

 

1.2 Augmented Reality Glasses 

The first augmented reality system was introduced in 1966. But it was only in 

2014, when the first augmented reality glasses were introduced into the market. 

The google glasses made their debut in 2013 to a small number of selected 

candidates that could acquire one pair for $1500.00. One year later it was made 

available to the public. Several other similar products were developed after the 

google glasses shown in Figure 3. Many of them were mostly developed for 

industry.  

 

Figure 3: Google Glass ad from 2013 

These so-called wearable computers allowed the user to utilize many functions that 

could be found on a mobile device but then could be displayed in the user's field of 
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view. The advantage of using these smart glasses was the ability to gather data 

without moving the head to check a computer, a piece of paper or even a phone. 

There were two types of augmented reality systems: optical-see-through and video-

see-through. Optical-see-through used a half-silver technology which allows the 

views of the physical world to pass through the display lenses. It projected the 

image into the real-world view. Video-see-through used a combination of two 

cameras to record the physical world view and displayed the picture superimposed 

by the computer-generated imagery. The advantage of using the optical-see-through 

was that the physical worldview is not delayed, a very important detail for flight 

usage. Video-see-through synchronized the recorded real-world vision into the 

computer-generated images; this made the connection of the real-world view with 

the computer images look more realistic.  

There was little development for augmented reality glasses designed to be used in 

general aviation. Aero Glass was a startup company which focused on augmented 

reality technology for aviation. The company integrated an Osterhout ODG R-7 

smart glasses with a head motion tracking system as shown in Figure 4. The 

company went out of business on March 8, 2018. This research attempted to 

contact the company, but it was too late. A pair of augmented reality glasses was 

selected to be used for this research. The Epson Moverio BT-300 was picked. The 

Moverio BT-300 is a lightweight, optical-see-through with a 720p HD display. The 

Moverio BT-300 is further analyzed in Section 2.3.   
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Figure 4: Aero Glass system with ODG R-7 glasses and Head motion tracking system 
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2 Methodology  

Two methods were used for this research. The initial approach used the AR glasses 

as a mirror display of data from the Data Acquisition System Box (orange box) 

provided by the Flight Test Engineering courses. This first concept used the 

Moverio glasses only as a screen; no other functionality was used. The first method 

was temporary. It was supposed to be implemented for a student project for the 

MAE 5704 avionics course. The second method used built-in glasses functions to 

relay data on the screen. The data are extracted from the built-in GPS and shown in 

real-life on the screen. Both approaches are described in depth in this section, 

which will also present the equipment used throughout the approaches. Aircraft 

used for the flight test, test location and conditions for all flights will be presented. 

 

2.1 Using glasses as mirror display 

The first method was used for the initial augmented reality technology 

implementation into a flight test course. The glasses were purchased in mid-

October, and they were required to be used for MAE5703 Avionics Flight Test 

course for an experimental project in November. This approach consisted in 

projecting the data from the Data Acquisition System Box. The orange box had a 

GPS system which was capable of recording latitude, longitude, groundspeed, 

altitude and aircraft track. Also, it had a gyroscope which measured roll, pitch, and 

yaw. And finally, it had a data acquisition system capable of measuring aileron, 

rudder and elevator displacement. The data required to be displayed on the screen 

were altitude and groundspeed.  
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The AR glasses were connected to the orange box by a mobile application called 

MirrorOp2. This application allowed the glasses to be used as a regular computer 

display, even enabling the glasses to control the computer remotely. MirrorOp 

worked as a two-way communication application; the mobile device, the AR 

glasses, in this case, was the receiver and the computer was the sender. The two-

way application was connected when both the device and the computer were on the 

same network. This application worked for this approach because the orange box 

provided a wireless network connection at the aircraft. The AR glasses were 

connected to the same network. The users were able to check real-life data from the 

GPS system on the box and take measurements whenever needed.  

This approach was tested by the students of MAE5703; they were in charge of 

developing different test plans to measure the quality and performance of the 

glasses. The intention was to provide the students with hands-on experience in 

testing potential future avionics equipment.  

 

2.2  Using the functions of the glasses to provide data 

After many software difficulties with the mirror application that will be explained 

in later sections, the second method was introduced to replace the need for the 

orange box in the aircraft. As mentioned in Section 1.2, Epson Moverio BT-300 

has a built-in GPS system. This method made the augmented reality glasses act as 

an EFVS; the user could have a clear image of what is in front of him and have the 

information on his field of view. The complexity of this approach came from the 

ability to extract the data from the GPS function and make it available on the screen 

                                                      
2 MirrorOp is a trademark of MirrorOp. 2018 MirrorOp. All rights reserved 
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integrated with the camera view, so the user’s field of view was not obstructed. It 

was necessary to develop an android application to be able to perform such task.  

An open source code called GPS Raw was used. This JavaScript code could extract 

the GPS data and display latitude, longitude, altitude, and velocity. GPS Raw was 

implemented as base code and after debugging and calculation fixes, the new code 

for the flight test courses was developed. The display showed the following data 

points: latitude, longitude, groundspeed, and altitude. Figure five shows the 

person's view of the glasses. Figure 5 shows what was displayed on the screen. The 

application was still under development, and the next phase was to integrate the 

camera view. However, the background appeared as a whiteboard, similar to a 

computer background.   

 

Figure 5: Moverio BT-300 Users point of view of glasses 

 

This approach was tested to validate the quality of data being displayed. The 

glasses were tested in three different aircraft and compared to two different GPS 

systems. The aircraft used were a Piper Warrior, Piper Cherokee Six and a Piper 

Navajo. The validation of the data indicated the possibility of using these pair of 
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augmented reality glasses on two performance experiments; airspeed calibration 

and climb performance. In the following sections of this paper, the test plan for 

both approaches and the results will be given.  

 

2.3  Equipment  

The initial method used the Data Acquisition System Box. The orange box was 

equipment used in the flight test engineering program. The orange box consisted of 

a National Instrument data acquisition system which collects data from aileron, 

elevator, and rudder. The data acquisition system was connected to three 

potentiometers connected to each primary flight control. The computer also 

possessed an inertial measurement unit which was responsible for measuring roll, 

pitch and yaw, as well as a global position system capable of measuring latitude, 

longitude, altitude, and velocity.  All devices were connected to a computer. The 

data were extracted and recorded using a LabVIEW project. The orange box was 

powered by two DeWalt 20 volts lithium ion batteries. This equipment was initially 

assigned to be the mirror computer for the AR glasses. The AR glasses would 

connect to the computer inside the orange box, and the display would show the data 

extracted from the equipment installed in the box.   

The augmented reality glasses selected for this research were the Moverio BT-300. 

The augmented reality glasses manufactured by Epson. The glasses were composed 

of two parts, the display, and remote control. The screen used the optical see-

through method with a 720p Si-OLED display. There was also a 5MP camera 

installed on the glasses. The remote control was the computer of the glasses. It was 

where the lithium battery and an Intel Atom X5 processor were hosted along with 

an Android Lollipop operating system. The glasses were selected due to the fact the 

BT-300 is available to the public at an affordable cost. Many other AR glasses were 



 

 
 

12 
hard to get information or just not cost effective. The detailed image of the glasses 

is shown below.  

 

Figure 6: Epson Moverio BT-300 in detail 

2.4 Aircraft 

Three aircraft were used for this research. Both methods indicated above used the 

Piper Cherokee Six, PA-32-260. The aircraft identification number is N3736W. 

The aircraft is a low wing, fixed landing gear plane. It can carry six passengers in 3 

seat rows. The plane’s engine is normally aspirated. The engine is a Lycoming O-
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540 of 260 horsepower. N3736W is the aircraft used for the flight test engineering 

courses.  

 

Figure 7: Piper Cherokee Six N3736W 

 

The second aircraft to be used was a Piper Warrior with identification N618FT. 

The Warrior is a four-passenger, fixed wing, and single-engine plane. It has a 

Lycoming 0-320-D3G engine and experimental airworthiness certificate. N618FT 

is the experimental aircraft used for the flight test engineering research. 
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Figure 8: N618FT, Piper Warrior 

The last aircraft used in the flight test part of this research was the Piper Navajo 

Chieftain, N4106F. The Navajo is a multi-engine, fixed-wing aircraft that can seat 

up to 7 passengers and one pilot. Two reciprocating Lycoming T10-540 SER 

engines power the aircraft. The Navajo was recently added to the Florida Institute 

of Technology Aviation fleet which partners with the flight test engineering 

program.   
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Figure 9: Piper Navajo, N4106F 

 

2.5  Test Location and Conditions 

The Orlando-Melbourne International Airport, KMLB, was the aircraft hub 

location. All flight maneuvers and test locations occurred south of KMLB, in the 

vicinity of Valkaria Airport, X59 and extending to Okeechobee, KOBE. The flight 

test on the Cherokee Six occurred on November 27, 2017. The Cherokee Six was 

also used for a flight test on April 7, 2018.  The flight test for the Warrior occurred 

on February 21, 2018. The Navajo was used for a flight test on March 30, 2018. 

The following METARS account for the test conditions at each day. The conditions 

were favorable for the flight test on those days. The sky was clear most of the 

flights, and no adverse weather was encountered.  
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Table 1: METAR conditions for the flight tests performed 

Day  Metar  

November 27, 2017: 18:53 Zulu METAR KMLB 271953Z 03007KT 

10SM CLR 25/17 A3005 RMK AO2 

SLP174 T02500167 

February 21,2018: 22:53 Zulu METAR KMLB 212253Z 12010KT 

10SM SCT024 26/20 A3035 RMK 

AO2 SLP277 T02560200 

March 30, 2018: 18:53 Zulu METAR KMLB 301853Z 12016KT 

10SM SCT050 BKN060 27/18 

A3006 RMK AO2 SLP177 

T02720183 

April 7, 2018: 13:53 Zulu METAR KMLB 071353Z 

18010G18KT 10SM CLR 26/19 

A2991 RMK AO2 SLP127 

T02610189 
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3 Test Plans 

The test plans for this research were created and performed accordingly to the 

necessity of both approaches. The first method’s test preparation was produced and 

executed by the avionics course students. The course students used different 

approaches to the test plan. The primary focus of the test plans for this method was 

to determine the suitability of the glasses in the flight laboratory environment. The 

students' test plans are not being described in this paper; however, the results and 

the human factors analysis provided by the students will be mentioned and 

discussed in the following sections. 

The second method had a more profiled test plan. The test plan objective was to 

compare the data extracted from the glasses GPS to the data from the aircraft 

installed GPS and instruments. Two parameters were being evaluated; groundspeed 

and altitude. This plan was divided into two tests. The first test was to measure the 

groundspeed values gathered from the AR glasses and compare them to the aircraft 

GPS system.  The test engineer or aircrew member recorded the glasses and aircraft 

groundspeed at the same time. The recording of groundspeed occurred whenever 

the aircraft was at steady-level flight condition at different airspeeds. The glasses 

groundspeed data were considered to be satisfactory if the absolute value of the 

variance between the aircraft GPS groundspeed and the glasses values were less 

than two miles per hour. Some conversion from knots to miles per hour must be 

done as the GPS system on the Warrior and Cherokee Six measure groundspeed in 

knots. The following two equations describe the mathematical process for the data 

analysis of the groundspeed test. The first one indicates the groundspeed 

conversion and the second one the difference between the groundspeed values of 

the aircraft GPS and the values gathered from the glasses: 

  𝐺𝑆𝑚𝑝ℎ = 1.15078 ∗ 𝐺𝑆𝑘𝑛𝑜𝑡𝑠                                                    1 
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𝑑𝐺𝑆 = |𝐺𝑆𝐴𝑖𝑟𝑐𝑟𝑎𝑓𝑡 𝐺𝑝𝑠 − 𝐺𝑆𝑔𝑙𝑎𝑠𝑠𝑒𝑠|                                         2 

As the comparison occurs between two GPS systems, it was expected that the 

values gathered from the glasses and the aircraft should not exceed a difference of 

two miles per hour. Airspeed calibration using the GPS method required the 

students to record many data points: such as GPS groundspeed, track, indicated 

heading, outside air temperature, indicated airspeed, indicated altitude and flap 

configuration. From all these parameters, the students placed on the second and 

third row of the Piper Cherokee Six could only directly record altitude and 

airspeed. All other parameters were called by the Pilot in Command. The glasses 

would allow the students sitting on the back rows to directly record groundspeed 

and possible track in the future.  

The second test performed compared the altitude readings from the glasses to the 

values on the aircraft GPS system or the aircraft instrumentation. The altitude 

indicated on the glasses and the altitude of the aircraft’s GPS or instrument were 

recorded every 30 seconds on a 3-minute climb and descent. The data extracted 

from the glasses were considered satisfactory if the glasses values are within 50 

feet from the GPS system values, or the rate of climb and descent measured from 

the glasses value is within 100 feet per minute from the rate of climb and descent 

measured from the pressure altitude instruments on the aircraft. The following 

equations indicate the mathematical functions associated with this test. The first 

equation indicates the rate of climb calculation [12]. 

𝑅. 𝑂. 𝐶 =
𝑑ℎ

𝑑𝑡
                                                                3 

𝑑𝐻 =  |𝐻𝑒𝑖𝑔ℎ𝑡𝐺𝑃𝑆 − 𝐻𝑒𝑖𝑔ℎ𝑡𝐺𝑙𝑎𝑠𝑠𝑒𝑠|                                            4 
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𝑑𝑅. 𝑂. 𝐶 = |𝑅. 𝑂. 𝐶 𝐴𝑖𝑟𝑐𝑟𝑎𝑓𝑡 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 − 𝑅. 𝑂. 𝐶 𝐺𝑙𝑎𝑠𝑠𝑒𝑠|                         5 

 

The GPS data extracted from both the glasses and the aircraft were expected to be 

within 50 feet of each other. The values found on the aircraft’s altitude indicator 

could be directly compared to the values found on the glasses. However, pressure 

altitude measures the barometric altitude above the 29.92”Hg standard for sea level 

pressure condition and is affected by weather conditions. GPS measures the 

absolute geometric altitude above sea level. Thus, the direct comparison would not 

provide reliable results. In order to have a better analysis, the rate of climb was 

measured; such calculations were necessary for the data recorded on Warrior and 

Cherokee Six. The rate of climb data presented a better analysis for every aircraft. 

Rate of climb or descent measured a relation of altitude change through time. The 

aircraft was stabilized on a climb and every 30 seconds, the data was measured 

throughout an interval of 3 minutes. Even if the glasses altitude did not match the 

aircraft’s altitude indicator. The altitude displacement should match as both sources 

were changing in the same pace. A comparison of the slopes between the glasses 

GPS altitude changes and the aircraft’s altitude indicator changes could indicate the 

similarity of both rate of climb and verify the quality of the data. The tests were 

planned to be performed on VFR conditions. The results from both tests are 

compiled on the next section.  
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4 Results  

The results found on the flight tests for the second method indicated that the data 

gathered from the augmented reality glasses were not in accord with the expected 

results. The results from the Navajo flight test revealed that the groundspeed 

differences were mostly within five miles per hour difference, however the data did 

not meet the two miles per hour requirement. The Moverio BT-300 data recorded 

showed that the groundspeed measured form the glasses were consistently 3 to 5 

mph below the groundspeed measured by aircraft GPS. Seven data points were 

measured for the groundspeed check on the Navajo flight and shown in Table 2. 

While the data failed the two miles per hour criteria, there is potential for a useful 

product. Software could be developed to add a four mile per hour bias to the 

glasses groundspeed.  

Table 2: Airspeed results for the Navajo flight test 

Run Moverio BT-300 

Groundspeed (mph) 

Navajo GPS 

Groundspeed (mph) 

Difference 

 

1 168 173.77 5.77 

2 186.2 191.03 4.83 

3 180.7 186 5.3 

4 217.5 221 3.5 

5 162 167 5 

6 166 170 4 

7 160.85 165 4.15 
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The Navajo was also the only aircraft where the direct comparison of GPS altitude 

between the glasses and the aircraft was possible to be performed. The results for 

the altitude comparison were satisfactory. Only one difference between the 

recorded values from both sources was higher than 50 feet. All other differences 

were less than 30 feet. The results also validated the expected values for rate of 

climb and rate of descent. None of the rates of climb or descent variances were 

greater than 100 feet per minute. The results indicated a successful integration of 

the altitude data recording among the glasses and the Piper Navajo. The following 

two tables show the rate of climb and rate of descent results.  

Table 3: Rate of climb results for the Navajo flight test 

Time  Glasses 

Altitude 

(feet) 

Aircraft 

GPS 

Altitude 

(feet) 

Variance 

of 

altitudes  

Rate of 

Climb 

from 

Glasses 

(feet/min) 

Rate of 

Climb 

from 

Aircraft 

GPS 

(feet/min) 

Variance 

of Rate 

of Climb  

0 9237 9289 52 466 406 60 

30 9470 9492 22 404 418 14 

60 9672 9701 29 422 418 4 

90 9883 9910 27 554 540 14 

120 10160 10180 20 506 510 4 

150 10413 10435 22 494 460 34 

180 10660 10665 5  
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 Table 4: Rate of descent results for the Navajo flight test 

Time  Glasses 

Altitude 

(feet) 

Aircraft 

GPS 

Altitude 

(feet) 

Variance 

of altitudes  

(feet)  

Rate of 

Descent 

from 

Glasses 

(feet/min) 

Rate of 

Descent 

from 

Aircraft 

GPS 

(feet/min) 

Variance 

of Rate 

of Climb  

0 9468 9447 21 874 840 34 

30 9031 9027 4 560 566 6 

60 8751 8744 7 652 648 4 

90 8425 8420 5 724 702 22 

120 8063 8069 6 660 682 22 

150 7733 7728 5  

 

The Navajo flight test results indicated that the glasses are capable of recording 

reliable altitude parameters for the flight courses. The results for the altitude were 

so similar that the analysis of rate of climb and rate of descent indicated an almost 

equal slope among the two sources. The slope graphs are given in the appendix 

section. However, the results did not have the same success for the groundspeed 

check.  

The second results gathered were from the Cherokee Six flight test. The Cherokee 

Six had installed a GPS system capable of showing only groundspeed. The results 

for the groundspeed comparison on the Cherokee six indicated non-compliance 

with expected values. Nine samples were recorded at different groundspeed. All 

samples had a difference higher than two miles per hour. The results for the 

groundspeed comparison on the Cherokee Six are shown in Table 5. Similar to the 
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Navajo results, the glasses results were consistently lower than the aircraft. The 

addition of a bias value ( in this case around 5 mph) to the software could make the 

glasses pass the 2 mph criteria. 

Table 5: Groundspeed results for the Cherokee Six flight test 

Run Moverio BT-300 

Groundspeed (mph) 

Aircraft GPS 

system (knots) 

Aircraft GPS 

system (mph) 

Variance of 

groundspeed 

(mph) 

1 116 104 119.68 3.68 

2 124 109 125.45 1.45 

3 131 118 135.80 4.80 

4 136.8 122 140.40 3.60 

5 143 128 147.30 4.30 

6 130 119 136.95 6.95 

7 128 115 132.34 4.34 

8 119 110 126.59 7.59 

9 115 106 121.99 6.99 

 

Pressure altitude was the only parameter analyzed from this flight test after 

groundspeed. Therefore, for the altitude comparison, the values that have 

importance were the rate of climb and rate of descent. There were many scattered 

points, and half of the rate of climb variances between the Moverio BT-300 glasses 

and the aircraft instrument exceed the expected result for the difference between 

those values. The fluctuation of the results can be shown on the following chart 

which indicates the rate of climb measured on both pieces of equipment on the 

same period. The graph shown below indicates an increase in altitude difference 
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from the glasses and altitude indicator data increased as the altitude increases. 

Table 6 shows the data of the rate of climb test.   

 

Figure 10: Rate of Climb Piper Cherokee Six flight test 

An analysis was made from the data in Figure 10. The higher deviation values were 

not considered, Equations were created from the interval from 30 seconds to 120 

seconds. Times were measured from four evenly spaced altitudes. The derivatives 

of the two equations were evaluated to determine the Rate of Climb of the glasses’ 

GPS and the altitude indicator. The measured times were used to calculate Rate of 

Climb. Figure 11 shows the climb performance equations generated for the glasses’ 

GPS and the aircraft’s altitude indicator. The data indicated a similar climb profile 

among both systems. A new graph was created, and the Rate of Climb for both 

systems were found. Figure 12 shows the Rate of Climb vs altitude graph. This 

graph is usually used to measure the climb performance of an aircraft. The data 

found on Figure 12 indicates positive results for the Rate of Climb, hence, the 

glasses GPS altitude values can be used for climb performance test.  
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Figure 11: Slope Comparison for the Climb Performance 

 

 
Figure 12: Rate of Climb vs Altitude 
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Table 6: Rate of Climb Test Piper Cherokee Six 

Time 

(sec) 

Glasses 

Altitude 

(feet) 

Altitude 

Indicator 

(feet) 

Rate of Climb of 

Glasses 

(feet/min) 

Rate of Climb 

of Altitude 

Ind. (feet/min) 

Variance 

of 

Rate of 

Climb 

(feet/min)  

0 2569 2600 468 600 132 

30 2803 2900 570 640 70 

60 3088 3220 578 520 58 

90 3377 3480 468 500 32 

120 3611 3730 338 540 202 

150 3780 4000 352 580 228 

180 3956 4290  

 

The rate of descent test provided more values in conformity with the expected 

results. In the aspect of increased difference with increased altitude, the rate of 

descent agrees with the rate of climb findings. The difference in the values between 

glasses altitude and aircraft altitude indicator decreased as the aircraft descended. 

The following chart shows the difference of altitude measurements among both 

sources as the descend is recorded. It also shows the results for the slope 

comparison for the rate of descent. The results for the rate of descent were so 

similar that the slope comparison could be with all values found. The slope 

difference was 0.637. It was slightly higher than rate of climb, because it took into 

consideration all values found. The slope results validated the rate of descent 

results.  Table 7 brings the results for rate of descent.  The final result of the Piper 

Cherokee Six revealed that the glasses were successful to provide rate of climb and 
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rate of descent results. Even with some discrepancies at higher altitudes, the glasses 

were still able to record quality data.  

 

Figure 13: Rate of Descent from Piper Cherokee Six 
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Table 7: Rate of Descent Piper Cherokee Six 

Time 
(sec) 

Glasses 

Altitude 

(feet) 

Altitude 

Indicator 

(feet) 

Rate of Descent of 

Glasses (feet/min) 
Rate of Descent 

of Altitude Ind. 

(feet/min) 

Variance 

of 

Rate of 

Descent 

(feet/min)  

0 4725 4500 770 640 130 

30 4340 4180 852 680 172 

60 3914 3840 672 680 8 

90 3578 3500 582 560 22 

120 3287 3220 438 540 102 

150 3068 2950 622 540 82 

180 2757 2680  

 

The flight test on the Piper Warrior that occurred on February 21, 2018, had bad 

headset problems which led to communication issues among the flight test crew, 

therefore no valuable data were gathered from the flight test. However, the Warrior 

flight test was the first actual test were the glasses were used inside of an aircraft. 

Two results were found from that flight: at steady-level flight under clear weather 

conditions, the glasses altitude had values within 100 feet difference from the 

altitude indicator on the aircraft. The second finding was that the groundspeed 

indicator on the glasses was off by a factor of two due to a wrong parameter on the 

equation on the open source code. That error was fixed prior the Navajo and 

Cherokee Six respective flight tests. The fix could be proven to be good as the data 

found was suitable to match the expected results.  
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In regard to the flight tests performed on the MAE5703 course, no data were 

gathered in regard to the parameters altitude and groundspeed. Before the flight test 

started, when the proper equipment was being installed into the Cherokee Six, there 

was an issue with the MirrorOp application. The application could not connect with 

the glasses for more than five minutes. There was no time for debugging the 

problem as the students needed to start their tests. The solution found was to use 

another function of the glasses:  the clock. The students performed all experiments 

with only one parameter value which was time. The students’ tests were essential to 

analyze the human factor side of the glasses. Students from different engineering 

backgrounds and flight test experiences evaluated the glasses inside the laboratory 

environment, the aircraft.  

The students from the avionics courses had the objective to answer the following 

question: Are the glasses suitable to be used not considering if the data extracted 

from them is reliable or not? The students evaluated parameters such as comfort, 

contrast, brightness, interface with other aircraft instrumentation, etc. The findings 

from these evaluations indicated there were some issues with the glasses. A major 

complaint from the flight test students was comfort. They listed the main source for 

it: the uncomfortable way the glasses were used with a regular aircraft headset. The 

glasses did not correctly align with the headset cushions. This can be seen on 

Figure 14. The cushions compressed the glasses temples with the evaluator’s ears. 

One of the students added a comment saying the following “the pressure from the 

headsets on the glasses was extremely uncomfortable and caused a persistent 

headache for up to 5 minutes even after removal of the headset" [7]. When the 

glasses temples were them moved outside the cushions the glasses continually fell 

off. 
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Figure 14: Comfort issue of glasses and headset 

The students complained about the interface between the Moverio BT-300 glasses 

and the aircraft instrumentation. The evaluators were not able to directly check the 

gauges in front of them while looking through the glasses. The information on the 

glasses would overlap the information on the instruments, thus increasing workload 

from the student to get data from the instruments. Readability of the glasses was 

also very dependent on the real-world background. As the evaluators did not easily 

control brightness, the visibility of the information on the glasses was nearly 

impossible when looking to a bright open area. The evaluators also pointed that the 

glasses reduced situational awareness on the flight. The students also indicated 

difficulties to use the glasses while on approach or takeoff maneuvers. They 

complained about the number of vibrations occurring in those maneuvers made it 
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hard to read from the glasses. Some of these issues were pertinent to the other flight 

tests. For both scripted test plans on the Navajo and on the Cherokee Six, it was 

very uncomfortable to use the glasses with the headset. A difference between the 

flight tests performed in 2018 and the tests conducted by the students in the 

MAE5703 course was the data provided by the Moverio BT-300. As the students 

did not have any aircraft data extracted from the glasses, they were only dependent 

on the aircraft instrumentation. The glasses did not support a possible integration 

with the instruments on the plane. And the glasses screen obstructed the view of the 

gauges. For the other flights, the data were gathered directly from the glasses which 

minimized dependency on the plane’s instrumentation. The user could be focused 

on the recording the data directly from the glasses 

The results indicated that the glasses cannot provide reliable data to be used in 

certain flight laboratories. The altitude comparisons showed that the data displayed 

on the glasses was suitable to be used on the flight test flight laboratories. 

However, the groundspeed comparisons did not meet the requirement of two miles 

per hour.  The issue was not only the data, but the glasses. Could these pair of 

Moverio BT-300 be implemented on the courses as a tool to help students? Even 

with the complains, the students agreed that the glasses had potential to be used. 

Such discussion is going to be made in the following section.  
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5 Discussion  

The results above showed the development of this pair of augmented reality 

glasses. The initial failure of providing data for the students on the MAE5703 

course was replaced. However, groundspeed was still not reliable. The bias 

addition could solve this problem. It is recommended to conduct more flight tests 

with both the Navajo and the Cherokee Six to determine the bias values. A possible 

cause for the groundspeed failure might had been head movement. The speed 

measured by the glasses took into account the user’s head movement. As the user 

looked to the sides or even moved his or hers head up and down, depending on the 

velocity of the movement, such value could have affected the groundspeed 

readings. This head movement values were found whenever the user was on the 

ground at rest and moved his or hers head. Altitude and rate of climb showed 

positive results, which indicated that with additional analysis on how to use the 

data from the glasses, the groundspeed issue might be fix. A future experiment 

comparing steady with a moving head would help determine the effects.  But 

beyond the ability to get those data points, what other information is possible.  The 

question now is what other information can also be added to the glasses dataset. As 

the glasses were using information from a GPS system, viable data can be added to 

the glasses display. A good datum point would be GPS track. GPS track is the 

direction of aircraft movement. The track is important for many  tests performed on 

MAE5701 performance for flight test engineering course. Magnetic heading is 

another parameter at value.  

It is worth mentioning that some functionalities from the BT-300 glasses were still 

not implemented. The glasses had a gyroscope installed; the gyroscope could be 

able to get inertial measurements. Yaw, pitch, and roll are data relevant to the 

stability and control flight test engineer course. Time was the function used from 

the glasses for the MAE5703 tests. The students were able to record time or even 
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use the stopwatch. It was not used for the profiled flight tests. It could be an 

important parameter to have, especially while recording rate of climb data. Instead 

of using the altitude from the glasses, the user could use the glasses as a stopwatch 

and measure the information from the aircraft instruments. The timer could also be 

used to measure aircraft flight time from engine start to engine cutoff.   

There is one requirement still to be completed which is the way the information is 

being displayed. The data was presented as a computer screen view. The 

background was white, which created some obstruction to the outside view, as 

shown on Figure 15. The proper software with a fully developed application should 

look similar to Figure 16. The picture shows a Head-up display. The goal is to 

make glasses a personal Head-up display where students can see and record the 

data and have a grasp of different technologies that can be found on a plane. It 

brings the augmented reality feeling and motivates the students to work with new 

technologies that can be applied to general aviation. 
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Figure 15: Display image of the AR glasses in use 

 

Figure 16: Head-Up Display 
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The human factors results were not satisfactory. However, many of the issues cited 

by the students can be mended. In regard to discomfort while using the headset. 

There are new in-ear headsets on the market such as the Faro air headset shown in 

Figure 17. It was challenging to use prescription glasses and the Moverio BT-300 

at the same time. The augmented reality glasses would not sit well with the reading 

glasses behind. On the positive note, AR glasses had no negative impact while 

being used with contact lenses. The contrast and legibility can be repaired once the 

display looks more like a Head-up display. The reason why it was hard to read was 

due to the clear sky in the background would wash out the screen. At that time, data 

were not correctly formatted to be used on open spaces. It still looked like a 

computer screen, therefore, it was not possible to read while looking outside of the 

aircraft, unless the field-of-view had a non-blue background. It was possible to 

check the data while looking into a building, or a house or even looking into a 

cloud.  

 

Figure 17: Faro air. A possible headset that can be used with the glasses 
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The glasses have potential, the software implemented is not fully matured. The 

glasses have been improved each semester of this research. It was found that 

recording data from the glasses was a faster than recording data from the 

instruments. As can be seen from Figure 18, the glasses allowed the user to look at 

the paper and record what is right in front of him. It minimized the time it takes the 

user to see the instruments and then record the data. It would assist students 

recording data real-time and reduce error on the flight courses laboratories. The 

overlapping issue with the instrument's data can be fixed by not looking directly at 

the aircraft instruments with the display. There was no issue viewing the 

information from the instrument panel when the user looked over or under the 

glasses display. More concisely, do not point the glasses directly into your field of 

view. Instead, use the glasses as a secondary screen that is slightly below the field 

of view. This way, there is no problem of obstructing information on the plane's 

instruments and the loss of situational awareness is minimal. 
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Figure 18: Picture showing the record of data from the AR glasses on the Navajo flight test 

  

Another fix that may be presented in this discussion is the replacement of the     

BT-300. The Moverio BT-300 might not be the best augmented reality glasses for 

flight usage. The late company Aero Glass developed a software for the Osterhout 

ODG augmented reality glasses. As shown in Figure 4, the ODG R-7 has a 

different style compared to the BT-300. Such style might be more appropriate to be 

used with headsets and provide more comfort. Not only that, the ODG glasses can 

offer more functionality than the BT-300. This possibility not only applies to the 

ODG, but this fix can also be tested to all other available smart glasses.  
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6 Conclusion 

The Moverio BT-300 augmented reality glasses were not suitable to provide 

reliable to data to the students on their flight test courses. Groundspeed recorded 

from the glasses GPS was outside the two miles per hour threshold and could not 

be used to assist the students in their flight laboratories. Altitude, however,  was a 

critical parameter that could be used to measure rate of climb tests for the MAE 

5701 performance course. Overall, the glasses could not provide enough reliable 

data points to be considered suitable for implementation.  

The human factor component of this research was also not suitable. The results 

showed that the students were not satisfied with the glasses. There were many 

complaints about the glasses comfort, readability, incompatibility with prescription 

glasses, and difficulty readings aircraft instrument data while looking directly 

through the glasses display. On a positive side, the students agreed that there is 

merit on using the glasses for flight test courses pending improvement on design.  

Future work must be completed. The current display design must change. The 

display is an important criterion that must be improved. Many of the issues listed 

by the students can be fixed by modifying the display format. It is necessary to 

integrate the camera feed to relay real-life video as the application background. 

Creating a clear field of view that would not obstruct the outside view or the 

aircraft's instruments is the goal to complete the development of the glasses. 

Assuming the issues above are collected, the purchase of a second pair should be 

considered. The implementation of new technologies is a favorable technique to 

attract interest to the flight test program. New technology also opens more areas of 

research and development. The glasses can also serve for the future development of 

a different pair of augmented reality glasses. In summary, the glasses were not 
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viable to be used on the flight test courses. It is recommended a more 

comprehensive development of the technology occur prior to be used in the 

program. Also, it is recommended another scripted flight test on the Piper Warrior 

be performed to compare the glasses data to this aircraft instruments to compare the 

results with the other flight tests results. The first flight on the Warrior presented 

communication issues and thus data was not collected.  

This thesis is one of my biggest accomplishments. This has been the greatest 

experience in my academic life. Overall, this research has allowed me to become a 

better researcher. Literature research is a never-ending task. Even I thought I had all 

sources needed, new publications and information about augmented reality glasses 

would appear and I would have to analyze that. Working with new technologies was 

interesting and challenging; at the same time the main issued I had was definitely at 

the MAE5703 flight test fiasco. The first method would be the base of my project. 

When that failed, I thought my project would be delayed and I would not be able to 

finish this thesis in time. Besides the MirrorOp issues, the orange box was impossible 

to work with at that time. I devoted many hours this semester to get the box fixed for 

the regular courses, not even to assist me with my own project. This problem made 

me re-think my entire approach to this project. Getting help from computer science 

students was the only way, I was able to do this project. Never be scared to ask for 

help. In regards of testing, it was important to be able to adapt for suddenly changes. 

Many things can affect a flight test, even minor things such as a broken headset that 

did not allow me to perform a test because I could not communicate with the pilot. 

Flight test is expensive, so I made sure that the glasses would not be a problem for 

it. I always tested the software beforehand. Finally, as in actual flight test, I had to 

adapt to sudden changes in schedule. Now, I can say I can work under pressure, 

because deadlines were moved, and I had to get things ready earlier. An approved 

thesis is rewarding. It is the confirmation of a successful job done.  
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Appendix 
 
Supplemental graphs related to results: 
 

 
Figure 19: Rate of Climb for the Navajo Flight Test 

 
Figure 20: Rate of Descent Navajo Flight Test 
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