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Abstract – Gestures can communicate a whole world of a meaning in the most natural way. Unfortunately, there’s still some 
way to go before it becomes the primary way by which we communicate with the computers. This paper is intended as a 
contribution to the emerging application of cognitive science of 3D gestures in the field of avionics and evaluate 3D gesture 
technology as secondary modality to improve task productivity, heads up time and user experience. The implementation of the 
proposal involved developing a prototype for the PC and the flight simulator which establishes the use of gesture recognition 
in future aircrafts. The prototype recognizes gestures and in response executes certain flight commands which otherwise were 
issued by the cursor control devices (CCDs). Then it makes use of the existing Honeywell Proprietary platform to execute the 
flight commands according to the appropriate gesture as detected by the 3D gesture recognition devices like Kinect, Prime 
Sense, and MGC3130. 
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I. INTRODUCTION  
 
Although gestures are simple for human beings to 
interpret naturally, representing them in a form that is 
understandable to computers has been a challenge. No 
doubt, a small gesture hides within itself a whole 
world of meaning. Since computers lack the senses to 
recognize these actions, they are unable to perceive 
what they directly see. In other words, we can say, 
they are handicapped in understanding human gestural 
language, both in terms of software as well as 
hardware.  
 
In recent times, gesture technology is gradually 
becoming a commonplace. Last few years have 
witnessed the debut of gesture recognition technology 
in the fields of entertainment, gaming, automotive 
sectors and consumer electronic sectors. Artificial 
intelligence (AI) techniques have introduced a new 
class of systems which attempt to replicate or improve 
on human reasoning based on the human-computer 
interface design. This paper is intended as a 
contribution to the emerging application of cognitive 
science of 3D Gestures to human-computer 
interaction. 
 
Nowhere is the challenge greater than in the design of 
intelligent avionics for commercial and military 
aircrafts. The interface problem for such systems is 
formidable. To work effectively, they must produce 
collaborative outputs that tap potential contributions 
of both human and computer. In short, they must 
achieve a degree of cognitive integration of user and 
system in a split second that is virtually unheard of in 
other applications. The next generation cockpits must 
be ready to face different kinds of challenges. Among 
these is the growing complexity of the operating 
environment and avionics systems. There has been 
continuing efforts to make the cockpit safer, smaller, 

less expensive and more reliable. Current-generation 
cockpits are not designed for such challenges. Crews 
are expected to acquire an increasing set of skills 
which means more training and many complex 
functions remain unused, making the pilot the weak 
link in the system. The major objectives to be 
achieved, keeping in mind, the future cockpits are: 
 
 Replacing the conventional screen/ keyboard 
/mouse model with new modes of interaction. 
 Designing interfaces that adapt to the operator 
rather than expecting the operator to adapt to the 
system. 
 Handling and hiding complexity, through 
intuitive interfaces that mimic the crew’s modes of 
reasoning and perception. The aim of this paper is to 
evaluate 3D gesture technology as secondary modality 
to improve task productivity, head up time and user 
experience. 
 
The implementation of the proposal involves 
developing a prototype for the PC and flight simulator 
which establishes the use of gesture recognition in 
future aircrafts. Today, even though Cursor Control 
Devices (CCDs) are the pilots' primary means of 
controlling the flight deck, the prototype suggests 
making hand the actual input device. The prototype 
recognizes gestures and in response executes certain 
flight commands which otherwise were issued by the 
CCDs. Then it makes use of the existing Honeywell 
Proprietary platform to execute the flight commands 
according to the appropriate gesture as detected by the 
3D gesture recognition devices like Kinect, Prime 
Sense, and MGC3130. 
 
II. BACKGROUND FOR MOTIVATION 
 
In 1954, Paul Fitts wrote that human motion, 
especially the pointing actions could be predicted by 
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mathematical law. This law came to be known as Fitts' 
Law. The law provides that human pointing accuracy 
and efficiency are governed by the distance between 
the starting point and the target, and the size of the 
target. The larger the target and shorter the distance, 
the more efficient and accurate humans are at pointing 
the target. If we apply Fitts' Law to CCDs, the most 
efficient control devices are mice and pens. But in an 
aircraft going through turbulence, using the traditional 
mouse and pen is difficult, inaccurate and increases 
the time to acquire and actuate the desired selection. 
In emergency or low response time situations, the 
usage of these traditional devices may even be more 
restricted and life threatening. This eliminates many 
mice and pens from being considered as good control 
devices.  
 
Gesture recognition could be a major element in a 
multi-modal dialogue to enable a flexible interaction 
with computer-controlled equipment that does not 
require the user to know, or have the physical ability 
to use, spoken and written language. Getting in a 
rental car and looking at the dashboard controls can be 
confusing when one is accustomed to a different make 
and model. It is the same for pilots; they need to 
interact with cockpit controls intuitively without 
thinking about where the controls are. 
 
III. PROPOSAL 

 
A. Project Perspective 
First and foremost, developers who would further 
extrapolate this technology in the future are provided 
with a tool that gives a way to bind the various 
gestures supported by the gesture recognition device 
with the various non-critical avionics actions possible 
onboard aircrafts and generates an XML file as its 
output. 
 
Once, the XML file is generated, it acts as an input for 
the CCD interface which is tapped for sending the 
outputs on the whim  

 
Fig. 1. Use case diagram of the gesture recognition project 

integrated with Honeywell Proprietary System 
 
of the input received by the gesture recognition 
device. Hence, whenever a gesture is recognized it is 
sent to the CCD interface which in turn looks for the 
desired action to be performed for that particular 

gesture in the XML file. The CCD   then issues the 
command which is then carried out by the Honeywell 
proprietary software managing the onboard DUs 
(Display Units). After the Honeywell Proprietary 
system is powered up with the PFD (Primary Flight 
Display), ND (Navigation Display), and the FMS 
(Flight Management System), the pilots have an 
option of performing the various actions through 
simple hand gestures. The use-case for the same is 
given in the Fig 1. 
 
B. Technologies Used 
Technology is always chasing after science fiction.  
However, there are some products which have already 
made their mark and can be modified to be used in the 
avionics ecosystem. We carried out the experimental 
analysis using the following four products: 
 Kinect for Windows - Kinect features an "RGB 
camera, depth sensor and multi-array microphone 
running proprietary software", which provide full-
body 3D motion capture, facial recognition and voice 
recognition capabilities by using an infrared projector, 
camera and a special microchip to track the movement 
of objects and individuals in three dimensions. 
 Leap Motion - The Leap Motion controller is a 
small USB peripheral device which is designed to be 
placed on a physical desktop, facing upward. Using 
two cameras and three infrared LEDs, the device 
observes a roughly hemispherical area, to a distance of 
about 1 meter (3 feet). It is designed to track fingers 
(or similar items such as a pen) which cross into the 
observed area, to a spatial precision of about 0.01 mm. 
The smaller observation area and higher resolution of 
the device differentiates the product from the Kinect, 
which is more suitable for whole-body tracking in a 
space the size of a living room. 
 Primesense using OpenNI - The OpenNI 
framework is an open source SDK used for the 
development of 3D sensing middleware libraries and 
applications. PrimeSense 3D Sensors give digital 
devices the gift of sight, enabling natural interaction 
between people and devices and between devices and 
their surroundings. PrimeSense’s depth acquisition is 
enabled by light coding technology. The process 
codes the scene with near-IR light, light that returns 
distorted depending upon where things are. The 
solution then uses a standard off-the-shelf CMOS 
image sensor to read the coded light back from the 
scene using various algorithms to triangulate and 
extract the 3D data.  
 Microchip Gestic MGC3130 - Until now, high-
resolution 3D motion detection devices have required 
cameras or other relatively expensive components. 
Microchip is changing that with its new GestIC 
technology.  
 
Based on detecting disturbances in an electromagnetic 
field, GestIC offers the accuracy of a mouse over an 
area the size of a touchpad. The entire system solution 
is composed by three main building blocks: 
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• MGC3130 Controller Chip 
• Embedded GestIC Library 
• External Electrodes 
The spatial arrangement of the electrodes allows the 
chip to determine the center of gravity of the electric 
field distortion, and thus position tracking of a user’s 
hand in the detection space. 
 
C. New Suggestions 
Assessing the daily rigors of a cockpit during a routine 
flight, none of the above solutions can be applied in 
their natural form to transform and bring about one of 
the biggest changes the aviation world would ever see.  
 
We believe that if 3D Gestures have to make their 
mark in the state of the art cockpits of the modern 
fleet of airliners they need to be improvised upon and 
gain full faith of the aviation fraternity upon the 
following key factors: 
 
 Precision – The Gesture recognition device which 
will finally replace the CCDs in the cockpits will have 
to be highly accurate and precise in their operation as 
the last thing we want is for the pilots to get in a 
strangle with the controls on a flight deck, in their 
already busy regime during landing and takeoff. The 
device should be improved to have a near 100% 
gesture recognition rate. 
 Ergonomics – The CCDs are ergonomically 
placed in the current scenario so as to fall in the way 
of the normal relaxed position of a pilot’s arm. The 
gesture control device should be significantly 
improved so as to provide a similar ergonomic 
comfort to pilots during both short and long hops. 
 Simpler Gestures for Complex Tasks – If there is 
any practical chance of the modern cockpits to 
embrace this technology there got to be simpler 
gestures which are easy to memorize for the pilots and 
can perform complex tasks of communicating with the 
various avionics on the flight deck. 
 Operating Environment – The gesture recognition 
devices should be able to operate in a variety of 
environments and any stringent or liberal requirement 
for an ideal  operating environment cannot be heeded 
to at any cost given the various types of environment 
the airliners operate in. The devices should also be 
free from the problem of contamination and change in 
air pressure and temperature in case of emergencies. 
 Dimensions – This is a factor where the existing 
solutions in the field of gesture recognition should 
comply with in a constant drive to make the cockpit 
avionics smaller and lighter. The device being used 
should practically be invisible in the cockpit and 
should not create a problem for the pilots to be in line 
with or in the field of the device to make their gestures 
recognizable. 
 Viability & Safety – Finally, the technology 
insertion would highly depend upon its value addition 
from human factors and safety aspects. Gestures will 
not be used for aircraft's primary control but they can 

be one of the interaction modality in multimodal 
interface, to perform non critical tasks to start with. 
 
IV. IMPLEMENTATION DETAILS 

 
As revolutionary as the idea of this paper may sound, 
the real task is to give it a shape such that one day, 
technology may take a step back and it’s the humans 
that take the center stage blending the usage of these 
tools as just another hassle in human life. The 
implementation of this project revolves around a basic 
architecture as shown in Fig. 2.  

 
Fig. 2. Block diagram representing the integration of the gesture 

recognition device with Honeywell’s proprietary system 
 

The innermost layer of this project is the Honeywell 
Proprietary platform which takes care of all of the 
complex avionic systems onboard aircrafts. On top of 
it lies the CCD interface, shown in Fig.3, which takes 
the input from the gesture recognition device and 
translates it in a way such that the Honeywell 
Proprietary platform can interpret it. It receives the 
gestures recognized through a socket and looks for the 
intended action bound to it in an XML file which is 
generated by the gesture binder tool as indicated in the 
Fig 9.6. Once the appropriate action to be carried out 
is found, it is transmitted again through a socket to the 
underlying Honeywell Proprietary system.  

 

 
Fig. 3. CCD Interface 
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As a part of this project, after exploring the various 
devices available at the time this project was carried 
out, the Microchip MGC 3130 was found most apt for 
the situation and was made to support the maximum 
number of gestures, some of which are shown in the 

Table 1. A point to keep in mind would be that not all 
of the gestures depicted in the table were supported by 
the standard SDK of the microchip and a few of them 
were written after deducing the x and y coordinates of 
the human palm. 

 
TABLE I. GESTURES AND ACTIONS SUPPORTED BY THE MGC 3130 

Gesture Action 

Hover Left 

 

 
 

Cursor Left 

 

 
 

Hover Right 

 

 
 

Cursor Right 

 

 
 

Hover North 

 

 
 

Cursor North 

 

 
 

Hover South 

 

 
 

Cursor South 

 

 
 

Flick West-East 
 

Press Right Hat Switch 

 

 
 

Flick East-West 
 

Press Left Hat Switch 

 

 
 

Flick North-South 

 

Press Down Hat Switch 

 

 
 

Flick South-North 

 

Press Up Hat Switch 

 

 
 

Circle clockwise 

 

Zoom-In 

 

 
 

Circle counter-clockwise 

 

Zoom-Out 

 

 
 

Tap 

 

Click 
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IV. EXPERIMENTAL RESULTS 
 
Given the nature of this project, it is imminent that 
grueling checks are carried out at every stage and so 
was done throughout the duration of this project. Each 
gesture-action pair that is given in Table I, was put 
through a set of trials. Each trial was conducted by a 
set of people and the probability of success of the 
gesture being detected and the corresponding action 
being carried out was plotted against the trial. I have 
analyzed the best case and worst case scenario in 
detail below and have tabulated the results of all the 
actions in Table 2. 
 
 Tap mapped with Click 
(Worst Case) 

 
Mean Probability: 0.69 
Reason for Unsuccessful attempts: This gesture gets 
severely misjudged with the Hover gestures because 
while performing this gesture the hand should not go 
too far in any of the 4 directions. 
 
 Flick East – West mapped with Press Left Hat 
Switch 
(Best Case) 

 
Mean Probability: 0.96 
Reason for Unsuccessful attempts: This gesture has to 
be performed really wrong to get a failed attempt, 
otherwise it works like a charm. 
 
TABLE II. SUCCESS PROBABILITIES OF EACH OF THE GESTURES 

 

V. LIMITATION 
 

There are many challenges associated with the 
implementation of this proposal, both with respect to 
human factors as well as with respect to the accuracy 
and usefulness of gesture recognition software which 
varies with the type of device being used , some of 
which are discussed below :  
 
A. Image-Based Gesture Recognition Devices 
For image-based gesture recognition there are 
limitations on the equipment used and image noise. 
Images or video may not be under consistent lighting, 
or in the same location. Items in the background or 
distinct features of the users may make recognition 
more difficult. 
 
The variety of implementations for image-based 
gesture recognition may also cause issue for viability 
of the technology to general usage. For example, an 
algorithm calibrated for one camera may not work for 
a different camera. The amount of background noise 
also causes tracking and recognition difficulties, 
especially when occlusions (partial and full) occur. 
Furthermore, the distance from the camera, and the 
camera's resolution and quality, also cause variations 
in recognition accuracy. 
 
In order to capture human gestures by visual sensors, 
robust computer vision methods are also required, for 
example for hand tracking and hand posture 
recognition or for capturing movements of the head, 
facial expressions or gaze direction . 
 
B. Field based Gesture Recognition devices 
MGC 3130 3D Gesture Controller based on 
Microchip’s patented GestIC technology works by 
determining the center of gravity of the electric field 
distortion in a space of 0 to 15cm, and thus position 
tracking of a user’s hand in the detection space. 
Though it overcomes problems associated with 
lighting and image angles associated with image based 
devices it has some limitations such as low detection 
range, inability to track multiple fingers, limited set of 
gestures and the fact that it cannot detect a non-
conducting object which might be of problem to pilot 
wearing gloves in colder flying areas. 
 
C. Human Factors 
Most pilots would probably feel more comfortable to 
push a button, rotate a knob or pull a lever in order to 
make any changes to the avionic controls and know 
for certain that the event has taken place, rather than 
just performing a gesture while thousands of feet in 
the air. 
 
In a nutshell, this technology has a long way to go 
before it can win pilots clearance and favorability and 
that is why starting with the non-critical functions of 
the aircraft is just the way to get the wheels rolling. 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-2, Issue-12, Dec.-2014 

Avionics Control Using 3d Gestures 
 

54 

CONCLUSION 
 
For more than 50 years, human-computer interaction 
has been focused on the keyboard and mouse. 
Although this has been successful, as computation 
becomes increasingly mobile, embedded, and 
ubiquitous, it is far too constraining as a model of 
interaction. Evidence suggests that gesture-based 
interaction is the wave of the future, with considerable 
attention from both the research community and from 
the industry and public media. Evidence can also be 
found in a wide range of potential application areas, 
such as medical devices, video gaming, robotics, 
video surveillance, and natural human-computer 
interaction. 
 
Thinking the aviation industry might be left high and 
dry by this wave of gesture recognition might not be 
the safest bet. Gestural interaction has a number of 
clear advantages : (1) It uses equipment we always 
have on hand: there is nothing extra to carry, 
misplace, or leave behind. (2) It can be designed to 
work from actions that are natural and intuitive, so 
there is little or nothing to learn about the interface. 
(3) It lowers cognitive overhead, a key principle in 
human-computer interaction. Gesturing is instinctive 
and a skill we all have, so it requires little or no 
thought, leaving the focus on the task itself, as it 
should be, not on the interaction modality. 
 
In this paper, an attempt was made to demonstrate the 
capabilities of the 3D gesture recognition technology 
which establishes the fact the day is not far when this 
marvelous and magical piece of technology would 
adorn the aircrafts of the future. 
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