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Low-Cost Wearable HUD for 
Light General Aviation

By  Pavan K. Chinta; Dr. Borja Martos

Presenter
Presentation Notes
Good Morning everyone, today, I’m going to present to you a low-cost wearable HUD solution geared towards the General Aviation sector.



Overview

 Motivation

 Hypothesis

 Areas of Focus

 Equipment

 Challenges

 Results

 Conclusion
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To start off, here’s roughly the overall structure of my presentation.



Motivation

 “… the HGT could have likely prevented a significant portion of loss of control (LOC) 
accidents…”

 “…96% of all aviation accidents, 97% of fatal aviation accidents, and 96% of all fatalities… 
51% of the estimated total flight time…”

 “… in 2016 the Federal Aviation Administration (FAA) overhauled the airworthiness 
standards for small GA airplanes…”

 “…with the release of Google glass in 2014, there is a growing trend of wearable AR…”

Presenter
Presentation Notes
So, let’s begin with motivation. One of the driving factors behind this project is a study conducted by Flight Safety Foundation in the 1990s, which concluded that such a technology would be very beneficial to the civil jet transport category, by preventing loss-of-control accidents.In addition, it turns out the rate of accidents in the General Aviation sector is rather depressing. In fact, in 2010, GA accounted for 96% of all aviation accidents while accounting for only 51% of total flight time of all US civil aviation. So, there’s certainly some room for innovation to spawn safety in the General Aviation sector.Third, I’m sure all of us are familiar with the famous free-body-diagram of an aircraft, with lift pointing up, weight pointing down, thrust going forward and pointing to the back, we have FAA, right? However, in 2016, FAA overhauled the airworthiness standards for small GA airplanes and with that, the stage is set for innovative technologies into the GA sector that were previously limited to the military and commercial sectors.Finally, there is a growing trend of augmented reality today and we would like to ride that trend.



Research Hypothesis

V + h + β + θ + ψ + θ + (α + γ ) = intuitive flying

traditional cockpit

EFRC HUD
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Next, let’s talk about our hypothesis. First, let me say that I’m an Indian and I like to show off my mathematical skills wherever I can; so, here’s an equation.In this project, we hypothesize that traditional cockpit information when supplemented, especially with flight-path marker, will result in a very intuitive and effective flying experience. We think that by closing the loop on flight-path angle, typical flight maneuvers can be performed with tight tolerances, less flight training and reduced pilot workload.That is our hypothesis.



Areas of Focus

 Flight-Phase Performance
 Climb

 Cruise

 Landing

Presenter
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Let’s now move on to the areas we would like to focus on through this technology. There are three main phases of flight we would like to affect through the use of this Head-Up Display. And, those are i) the Climb phase. We think it would be much easier to climb to a new altitude and trim the aircraft if the pilot were to close the loop on flight-path angle.ii) Cruise Phase. We believe this based on a NASA study, which we’ve talked about in the paper. I’ll skip that here to save some time.iii) Landing Phase. From the literature review I conducted, I have come to realize that landing phase is difficult to master especially for student pilots because of the lack of intuition. As an analogy, I’d like to share my experience with taxi drivers in India, who I feel like have a pair of Vernier calipers in their head because they know to leave exactly a 10 mm distance from the person walking on the side of the road while here, if someone is walking on the side of the road, we tend to panic, and even though, it’s a two-way lane, we move over and come back. Similarly, the kind of intuition you need for landing at a specific spot on the runway only comes with experience but we think with the head-up display, we can sort-of bypass that requirement.These three phases are translated to three different modes of the HUD in the software, which I’ll talk about later.



Equipment

 Air Data Probe 
 α/β mechanical vanes
 swivel head pitot-static system

 Honeywell HG1700 IMU
 ProPak-V3 GPS

 Epson BT-200
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Let’s very briefly talk about the different equipment we used in this project.The aircraft we used is a Cessna 182Q. Through the different instruments we have, we’re capable of measuring angle-of-attack, pressure altitude, indicated airspeed, attitude rates, angles, accelerations and velocities and position.And, for our head-up display, we have a pair of augmented reality glasses made by Epson, called the BT-200. The idea being presented here though must not be limited to a specific technology and must be taken as a generic idea that can be applied to any similar technology seem fit.



Challenges

 Atmospheric Turbulence

Straight and level flight at 4500 feet 
with high atmospheric turbulence.
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Let’s now talk about one of the key challenges we faced with the equipment we used, specifically the air data probe for measuring angle of attack. And, that problem was atmospheric turbulence. I’m sure all of us have experienced turbulence at some point in our lives. And, dealing with atmospheric turbulence is especially difficult, it’s like dealing with your upset girlfriend or boyfriend, because of its non-deterministic nature. For example, here’s some data from one of our tests at 4500 feet with a high atmospheric turbulence. As you can see the variance in the data source in the last 50 seconds deems it ineffective for use as a control parameter in flight.



Complementary Filter

αf = fl(αi + αg) + fh(� α̇i dt)

Presenter
Presentation Notes
To deal with atmospheric turbulence we used the popular idea of complementary filter, where we applied a low-pass filter on the air data probe signal and combined that with the inertial data after passing it through a high-pass filter.The main advantage of this signal is illustrated by this diagram. As you can see, the output signal has essentially zero phase lag and amplitude change for all frequencies.



Flight Test Results: Complementary Filter

Straight & Level in 
High Turbulence

Short Period in 
Light Turbulence

EXAMPLES

Presenter
Presentation Notes
And, we flight-tested the complementary filter in a variety of different atmospheric conditions and aircraft modes. For example, in straight and level flight with high turbulence, we got this result. As you can see there is a lot of variance in the vane data and drift in the inertial data but, when combined together, it works rather well. We also tested in light turbulence by exciting the short period mode, which you can see in the second figure. Finally, we tested it in calm atmosphere by exciting the Dutch roll mode. These results illustrate the effectiveness of the filter in a variety of atmospheric conditions and modes of the aircraft.



More Challenges

 Air Referenced vs Inertial Flight Path Angle

 Head Worn vs Fixed Mounted
 Gradient Descent Orientation Filter

 DIY Drone World

 Single Tuning Parameter
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Another challenge was choosing a flight-path angle suitable for our application. For the purpose of the HUD, we chose inertial flight-path angle as it is defined with respect to the outside world.One major difference between a head-worn device and a fixed-mounted device is that the former has a moving reference frame while the latter has a fixed reference frame with respect to the airplane. Therefore, it was important to obtain the orientation of the head to transform coordinates from the aircraft frame to the head-frame. And, to estimate the head orientation, we fused the display device’s built-in accelerometer, gyroscope and magnetometer data using a gradient descent orientation filter, which we obtained from the ‘Do It Yourself’ drone world, which is sort of an interesting back-story. Something really neat about this filter is that it has a single tuning parameter based on observable system characteristics and also has a very clean and intuitive design. The results from this filter are included in the paper and I encourage you to read it, if you like to know more details on this.



HUD Modes: Climb
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Let’s quickly take a peak at the different modes of the HUD. First up, we have the takeoff mode, which is designed based on the F-16 HUD design, as shown in the figure. The different parameters shown on the HUD can be obtained from a certified COTS unit such as Avidyne’s IFD 550. In takeoff mode, information from traditional cockpit instruments such as airspeed, altitude, and attitude is included, in addition to the FPM and a, as shown.



HUD Modes: Landing
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Presentation Notes
Next we have the landing mode where we propose to show the angle of attack in a slightly modified fashion. In the landing mode, the pilot aims to land the aircraft at a desired spot on the runway without stalling the aircraft. Therefore, the a-gauge is modified with caution and stall regions.There are at least three values of angle of attack that are of particular interest to pilots, viz., maximum endurance, maximum range and Carson cruise which are symbolically shown in the landing mode. The cruise mode is very similar to the landing mode and is included in the paper, if you’re interested.



Flight Test Matrix

Task Assistance Acceptable Tolerance
Climb and Level-Off None +/- ∆50 feet

Climb and Level-Off EFRC HUD +/- ∆50 feet

Touch Target on Runway None +/- ∆100 feet

Touch Target on Runway EFRC HUD +/- ∆100 feet
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Let’s now look at the different tasks we performed to test our hypothesis. Here’s the test matrix we used. In each of these tasks, a professional pilot stabilizes the aircraft and then transfer control to an inexperienced subject pilot, who then performs the task twice, first without any assistance and second, with assistance from the EFRC HUD. For these tasks, we chose Dr. Borja Martos, as the professional pilot. And, since I had practically zero flight training, I volunteered to be the subject pilot.



Flight Test Results: Climb and Level-Off

Without any assistance With Assistance from EFRC HUD
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Let’s now look at the results from the first two tasks, where the subject pilot climbed to a new altitude and tried to level off the aircraft. Without any assistance, I could not stabilize at the target altitude which was 4000 feet, in this case. On the other hand, with the HUD, I was able to very smoothly climb to the new altitude and stabilize the aircraft at the target altitude.



Climb and Level-Off: Without 
Assistance

 Key Points
 Last few seconds of the task

 Only used altimeter and VSI

 Note the small movements

 Note the lag in the instrument

 View Media 1

Presenter
Presentation Notes
What you previously saw in the form of a plot, you’ll now see in action.A couple of points to note here, are that this is only the last few seconds of the task, which I think covers the essence of the test. Also, I only used the altimeter and VSI to perform this task, in other words, I would literally have collided with another aircraft if it were coming at us because I was focused, I tell you.In this task, with the tight tolerance we have, I make very small movements on the task but end up in an induced oscillation due to the lag in the instrument.Although I eventually damped out the oscillations and levelled off the aircraft, it was at about 100 feet from the target altitude, therefore we’d consider this to be a failure.

https://www.kaltura.com/tiny/wlmyi


Climb and Level-Off: With Assistance

View Media 2
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The second task that you had previously seen in the form of a plot is now shown in action. Notice that on the left side you have what I saw through the HUD. Here I primarily used the flight-path maker and the altimeter but was also situationally aware of the outside and was able to make some roll adjustments if I ever deviated.And, I was able to hold that altitude for good 10 seconds, which showed that I really was stable. Therefore, we marked this task as successful.

https://www.kaltura.com/tiny/m37oc


Touch Target on Runway: Without 
Assistance

 Key Points
 Last few seconds of the task

 Visual approach

 Input-observe-adjust

 View Media 3
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A few key points to note. Again, what’s shown is only the last few seconds. In this task, I perform a visual approach, I do not look at the instruments at all. My only task is to get to the numbers on the runway. For this, I used “input-observe-adjust” strategy, in other words, if I realized I was too high, I push the stick and center it and if I ended up too low, I pull on the stick and repeat the process.In this case, we marked it as success because I was able to get to the numbers on the runway, but it was by no means a smooth descent, it was very rather oscillatory. For more details on what that felt like, you can speak with my advisor because I only observed how far or close I was from the numbers.

https://www.kaltura.com/tiny/u92nz


Touch Target on Runway: 
With Assistance

 View Media 4
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Finally, I tried to touch down with assistance from the EFRC HUD. Here I simply adjusted the stick position so that the flight-path marker would align with the runway.

https://www.kaltura.com/tiny/yyh6y


Conclusion

 Effective technique to deal with Turbulence

 Clear advantage in climb phase

 Beneficial in holding constant glide slope
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So, in conclusion, we illustrated an effective technique to deal with the problem of atmospheric turbulence when using air data sensors.Based on the flight-test results, the EFRC HUD provided a clear advantage in the climb.And, the HUD did prove to be beneficial in the landing phase by helping the pilot maintain a constant glide slope



Action Plan

1. Flight Path Quickening (Maneuvering)
2. IMC conditions and night flying
3. Determine which training scenarios would most 

benefit from this concept
4. Incorporate angle of attack (L/D, Carson Cruise, 

etc.) and flight path marker into educational 
materials.

5. Determine how to best leverage existing/new 
angle of attack sensors.

6. Incorporate angle of attack and flight path into 
simulator and full flight scenarios.

7. Carry out simulator and flight scenarios with a 
small group of pilots

8. Present results and disseminate to interested 
parties as a supplement to existing flight / 
simulator training

New Technologies
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Here’s some Future Work we would like to pursue. In terms of Research Concepts, we would like to implement flight-path quickening. Even though, the flight-path maker seemed effective, there is still a delay between the pilot input and the flight-path maker, which can be improved using flight-path quickening algorithms. We’d like to conduct further research into using angle of attack and flight-path angle to affect the takeoff phase.We’d also like to look into other atmospheric disturbances such as wind-shear and test IMC conditions and night flying.In terms of using new technologies, we would like to test with Microsoft’s Hololens to see how effective other devices are for this purpose.



THE END
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So, in conclusion, we illustrated an effective technique to deal with the problem of atmospheric turbulence when using air data sensors.Based on the flight-test results, the EFRC HUD provided a clear advantage in the climb.And, the HUD did prove to be beneficial in the landing phase by helping the pilot maintain a constant glide slope
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