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Introduction
Mice and touch screens are the norm for interfacing with computers and electronic devices today but there is still the need for new and innovative interfaces as these interfaces are not appropriate for everyone. People with disabilities who can not use a mouse or interact with a touch screen due to their lack for dexterity and physical mobility need other alternatives. Individuals with locked-in-syndrome where they only can move their eyes consistently and reliably for example need other options. Also new technologies where the computational demands currently exceed the computing power of computer processing units (CPUs) and graphic processing units (GPUs) also require improved and enhanced interfaces. Virtual reality environments are currently very computational intensive. Most virtual reality (VR) applications still have a high level of pixelization (which the individual pixels of the image look grainy) and there is often a lag in updating the image when the user rotates their head. Some VR companies are using eye tracking to determine where the user is looking in order allow the system to only render in high resolution the area in the user's direct field of view. This would significantly reduce the computational requirement on the system and improve the user experience.

Photic driving is the  phenomena where the frequency of a flashing light seen by a person ends up being replicated in the EEG signal recorded at the location of the  brain where the information from the eyes are processed. The formal definition of photic drive is:

“a normal EEG phenomenon whereby the frequency of the activity recorded over the parietooccipital regions is time locked to the flash frequency during photic stimulation” 

It is currently most commonly used as a research tool:

“The EEG photic driving response is a sensitive neurophysiological measure. It has been used to assess drug effects, forms of epilepsy, neurological status of Alzheimer's patients, and physiological arousal. Photic driving also impacts the psychological status of a person by producing increased visual imagery and decreased physiological and subjective arousal.” 

In the 1980's  Smith-Kettlewell Eye Research Institute 
 pioneered some research into using photic driving as a user interface. Isolated portions of a CRT display were made to flash at a specific frequency. EEG electrode were attached to the Occipital Lobe region of the user's brain, the area at the back part of the brain cortex which is responsible for processing visual information from the eyes.
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If the person was looking directly at that flashing  region of the screen, that frequency would be replicated in the EEG signal recorded from the occipital lobe. The intensity and duration of the signal was used to determine if the user was directly looking at that specific region of the screen. By moving the flashing region around the display in a fixed sequence it was possible to determine where the user was looking on the display.  Using that information the cursor on the display could be moved to that location. The duration the user stared at a specific region was used as an activation method (essentially the same as a mouse click today). 

Photic driving never caught on due to the high cost of the low noise amplifiers used  to amplify the low voltage EEG signals (micro-volts) which were approximately $10,000 or more, the slowness of the response (usually a few seconds) , the invasive aspect of the electrodes (mainly the conductive gel necessary to make a good electrical contact with the head) and less invasive techniques like eye tracking becoming in vogue.  Improved ways of implementing analog circuits in the form of low cost FPGAs (field programmable gate arrays) and open source initiatives that have driven the cost of EEG equipment down to a few hundred dollars (such as the Open BCI project) 
 make photic driving a viable user interface now. In recent years there has been little research in the area of photic driving as an interface. The most recent papers that mentions photic driving as an human interface actually dates back to 1999: “EXPLORING THE HUMAN COMPUTER INTERFACE AND PHOTIC DRIVING” by Robert Peterman.  
  This paper echoes many of the conclusions reflected above.

This project describes a new approach to photic driving that uses open source EEG monitoring technology, from the Open BCI project, and contemporary encoding algorithms and techniques used to underwater communication systems to create a more efficient and faster responding method of implementing photic driving as a means of interfacing to technology.

Background
Hans Berger discovered Alpha Waves in the signal of the brain in 1929 
. Soon after researchers found that the strength of the wave could be "driven" beyond its natural frequency using flickering lights. This is called "Photic Driving". Similar effects to the alpha waves of the brain can be created using tactile stimulus and audio stimulus. The large overall effect of stimulus on brain waves is call “entrainment”.  

“In 1942 Dempsey and Morison discovered that repetitive tactile stimulation could also produce entrainment and in 1959, Dr. Chatrian observed auditory entrainment in response to clicks at a frequency of 15 per second.” 

The effects of photic driving are more prevalent in the signals acquired for the occipital lobe area of the brain, the area where visual information is processed..

Use As A Diagnose Tool and Research

Photic Driving has seen limited since it discovery, but the sound based version has been used as a diagnostic and therapeutic tools. 
“By the 1960s entrainment started to become a tool rather than a phenomenon of the brain. Anesthesiologist M.S. Sadove, MD, used photic stimulation to reduce the amount of anesthesia needed for surgery. Bernard Margolis published an article on brainwave entrainment used during dental procedures, noting less anesthesia required, less gagging, less bleeding and a general reduction in anxiety” 

“. The use of entrainment for therapeutic purposes was established for the first time in the early 1990s by Thaut and colleagues in several research studies, showing that the periodicity of auditory rhythmic patterns could entrain movement patterns in patients with movement disorders (Thaut, Kenyon, Schauer, & McIntosh, 1999).” 

“Rhythmic entrainment is one of the most important underlying mechanisms for the successful application of rhythmic-musical stimuli in motor rehabilitation for movement disorders associated with stroke, Parkinson's disease, traumatic brain injury, cerebral palsy etc. Most importantly, temporal rhythmic entrainment has been successfully extended into applications in cognitive rehabilitation and speech and language rehabilitation” 

Photic Driving As An Interface 

One of the first researchers to look at photic driving as a interfaces tool were researchers at Smith-Kettlewell Eye Research Institute. 
 The research was not published in any academic journals but the the authors are aware of their work for the late 1980's and saw an early system demonstrated. Photic driving as an interface method to a early DOS based computer.  Not a lot of formal scholarly work has been published in this area. One of the most comprehensive reviews of the area was done by  Robert Peterman in1999 in his paper  “EXPLORING THE HUMAN COMPUTER INTERFACE AND PHOTIC DRIVING”  
 
The cost of the equipment to capture EEG signals without high levels of noise (approximate $15,000 for low noise amplifiers systems) being introduced by the equipment was one of the factors that made a system practical. The need for accurate electrode placement to get good signal to noise ratios for the EEG signals and need for conductive gels to improve the signal to noise ratio are just some of the reason photic driving did not catch on. 

Photic Driving – A Practical Primer 

The signals detected in the brain contain very low frequencies. These frequencies are divided into specific frequency bands called waves for simplicity.
“The alpha waves (8-13 HZ) are visible during relaxed, closed eye state. Delta waves (0.5-4 HZ) are associated with deeper stages of sleep. Beta waves (12-22 HZ) are associated with alert states. Theta waves (4-7 HZ) are associated with some sleep states, and with anxiety. Gamma waves (>30 HZ) are believed to be associated with the mechanism of consciousness.” 

Brain waves are typically called electroencephalogram (EEG). 

“The electroencephalogram (EEG) is the depiction of the electrical activity occurring at the surface of the brain. This activity appears on the screen of the EEG machine as waveforms of varying frequency and amplitude measured in voltage (specifically microvolts).

EEG waveforms are generally classified according to their frequency, amplitude, and shape, as well as the sites on the scalp at which they are recorded. The most familiar classification uses EEG waveform frequency (eg, alpha, beta, theta, and delta). 

Information about waveform frequency and shape is combined with the age of the patient, state of alertness or sleep, and location on the scalp to determine significance.” 

While it possible to provide stimulate a specific frequency within an EEG your are limited to how fast the brain's neurons (brain cells) can fire. So signals of many kilohertz or more is not possible, 

“Most waves of 8 Hz and higher frequencies are normal findings in the EEG of an awake adult. Waves with a frequency of 7 Hz or less often are classified as abnormal in awake adults, although they normally can be seen in children or in adults who are asleep.” 

Underwater Communications
 As mentioned above the frequencies associated with EEG are composed of fairly low frequencies and are restricted within a fairly narrow band for frequencies. These are the same issues that face communication system  that provide communications with submarines. The conductivity of water means high frequency signal are attenuated quickly making traditional communications system impractical. As a result most underwater communications system must use low frequency (LF) or very low frequency (VLF)  carrier frequencies. Very low frequency communication system use frequencies as low as xx Hertz and require transducers that are space miles apart and are buried deep in ground to achieve the proper transmission.

Due to  the length of the wave of the signal and the amount of noise pollution in the water (due to other boat propellers and sonar) encoding schemes are used to transmit the data in order to achieve and acceptable data rate. Typical encoding schemes are:   

· Frequency shift keying (FSK)

· Phase shift keying (PSK)

· Frequency hopped spread spectrum (FHSS)

· Direct sequence spread spectrum (DSSS)

· Frequency and pulse-position modulation (FPPM and PPM)

· Multiple frequency shift keying (MFSK)

· Orthogonal frequency-division multiplexing (OFDM)
Variations of these encoding systems are used in FM radio and cellular telecommunications. All of them do not rely on the amplitude of the system but look for the presence of a specific combination of frequencies or frequencies transmitted at specific phases to each other. Essentially they rely on the presence of specific types of features to identify the presence of a valid signal. By adding more features that do not exist natural to the signal the presence of a valid message is easier and quicker to determine.
We won't go into the more complex encoding systems as they are not necessary for the photic driving application, but we will cover two basic encoding system that are commonly used.

Frequency shift keying (FSK) usually employs two distinct frequencies to modulate data; for example, Frequency F1 to indicate bit 0 and frequency F2 to indicate bit 1. Hence a binary string can be transmitted by alternating these two frequencies depending on whether it is a 0 or 1. The receiver can be as simple as having analogue matched filters to the two frequencies and a level detector to decide if a 1 or 0 was received. This is a relatively easy form of modulation and therefore used in the earliest acoustic modems. 

Phase-shift keying (PSK) is a digital modulation scheme that conveys data by changing (modulating) the phase of a reference signal (the carrier wave).The signal is impressed into the magnetic field x,y area by varying the sine and cosine inputs at a precise time.

The Big Idea
EEG signals are low frequency and band limited  (exist within a narrow band of frequencies). Traditional analysis techniques rely on averaging the signals over multiple samples durations and looking at the amount of energy (densities) in specific frequencies to determine the presence of a valid signal. As a result of the averaging, the process can be slow – typical 2 to 3 seconds. It is similar to Amplitude Modulation (AM) radio communications in many ways. Like AM radio it  look at the magnitude or strength of the signal and as a result is subject to interference from artifacts like signals from muscle potentials and affected by low signal to noise ratios. Using an Frequency Shift Key (FSK) encoding removed some of these limitations. FSK only looks for the presence of a combination of frequencies – specifically a carrier frequency and a modulation frequency. Be looking for a specific combination of frequencies that are rare in EEG signals the need to average is eliminated, the detection process can be improved and  the detection time dramatically reduced. It is similar to why the transmission of Frequency Modulation (FM) radio is consider better than AM radio – less affected by the signal to noise ratio and less affected by interfere and artifacts. In the literature review no attempts appear to have been made to use encoding as a method to increase the recognition rate of a photic driving stimulus.  

This document describes an open source design that implements a novel photic driving interface system that can be integrated with the display of a computer or implemented as a stand alone system that can interface to a range of electronic products. It draws heavily for recent open source initiatives, and innovations in submarine communications technology to create novel approach to computer interfaces. 
System Description
The Neil Squire Society is a not-for-profit organization that uses technology is create greater independence for people with disabilities. During the 2016-2017 academic year the organization sponsored a group of students at the University of British Columbia – Okanagan to create an open source implementation of a basic photic driving system. The system used Open BCI , an open source brain computer interface initiative, hardware 

Overview

The photic driving system utilizes an a Brain Computer Interface (BCI) acquisition board to acquire EEG signals for the occipital lobe of the users brain. The BCI acquisition board is supported by a 3D printable BCI headset that help people more accurately place the EEG electrodes used to acquire the EEG signals. A light source is synchronized with the photic driving system. The light source can originate at a specific region of the computer or mobile device screen. Rather than highlight the whole screen only portions of the screen are light. The light is encoded using a Frequency Shift Keying (FSK) scheme. The FSK uses a main carriers signal set at a specific frequency and a sub-carrier frequency  at another specific and unique frequency is used to modulate the carrier frequency. The presence of both signals are necessary to be a valid signal. As noted above .waves with a frequency of 7 Hz or less often are classified as abnormal in awake adults, so carrier frequency of 5 Hertz will be used.  A 27 Hertz sub-carrier wave is used to modulate the signal. As most electronics are affected by the 60 Hertz frequency in AC powered devices harmonics of 60 Hertz such as 20 and  30 Hertz are not used.  Since the signal does not have to be averaged over multiple acquisition period  the modulation scheme should be able to increase the speed of recognition of the photic driving signal.  
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Open BCI technology
OpenBCI is an open source brain-computer interface platform, created by Joel Murphy and Conor Russomanno, after a successful Kickstarter campaign in late 2013. OpenBCI boards can be used to measure and record electrical activity produced by the brain (EEG), muscles (EMG), and heart (EKG), and is compatible with standard EEG electrodes. The OpenBCI boards can be used with the open source OpenBCI GUI, or they can be integrated with other open-source EEG signal processing tools.

The OpneBCI project has two boards, the Ganglion and the Cyton. The Ganglion has 4 channels for EEG processing and the Cyton has 8 channels for EEG processing.  
 The Ganglion is $200 and the Cyton is $500.

The OpenBCI  project is open source in nature. That means all the schematics, printed circuit board layouts and source code are open source.  As the Ganglion and Cyton board have more resources that necessary for the photic driving system (2 channels) it is possible to reduce the cost of the system to make it more affordable and practical. This project will draw heavily on those proven designs in order to create new more affordable circuitry. Affordability remains a barrier to accessing the technology most appropriate to them often for people with disabilities. 

University of British Columbia Student Project

The Neil Squire Society is a not-for-profit organization that uses technology is create greater independence for people with disabilities. During the 2016-2017 academic year the organization sponsored a group of students at the University of British Columbia – Okanagan to design project a feasible photic driving system that would allow a user with a disability to control the mouse cursor. The system used the OpenBCI Cyton Biosensing board, an 8 channel EEG data acquisition board, along with an Audrino Leonoardo Micro-controller board to control the Cyton board and aBlueSmurf RN-42 Bluetooth board. The Cyton board performed the data acquisition of the EEG signals and the initial front end signal processing (low pass filtering). The Audrino Leonoardo did the back end signal processing, the frequency detection to determine when a valid signal was detected from the light source used for the photic driving, and controlled the Bluetooth module. The Bluetooth module provided a Bluetooth mouse interface to a smartphone. 
A basic system was developed that was designed to detect light flashed at 4 specific frequencies from  a light source and then sent a specific mouse movement displacement in one of 4 directions depending on the input. The light source was not specifically synchronized with the Cyton Board and Audrino board. The students only reached the stage where they proved the feasibility of the approach. A complete system that synchronized the output on the screen with a Cyton board and Audrino host not completed. 
https://github.com/RobertTeodoropol/Entrainment-Controlled-Cursor
This project demonstrated the feasibility of the a OpenBCi hardware based system. The performance of the system is demonstrated in this video. 
https://www.youtube.com/watch?v=CrzCOjz1KEc
As noted in the video the video is being played back at 2X the speed. The current design is slow

as it averages over a number of sampling cycles to confirm the presence of a valid photic driving signal. The system is actually slow as it takes 2 to 3 seconds to recognize the persence of a valid input. 

Building on Underwater Communication Frequency Shift Keying (FSK) to

improve classification 

As mentioned above a Frequency Shift Key encoding algorithm will be used as part of the visual stimulus that the user sees. The encoding scheme will reduce the time required to recognize a valid signal and reduce errors.  To be effective the EEG acquisition system must be synchronized with the visual stimulus so that the Photic Driving system knows what part of the screen is generating the stimulus and what is on the screen the user sees. For example the user might be looking at an single key on an on-screen keyboard or at a specific quadrant in a landscape within a video game. The input that gets generated by the system will depend on the content on the screen.
Enhanced Interface Techniques to Augment the System

It takes time to highlight every pixel on the screen of a computer so access schemes need to be used to facility timely entry  of information. Voice recognition systems are typically are used only for entering text but for people with disability the system must also support access to the entries within a pull down menus or access to a specific sport on the screen within a web page. To select a spot on a screen the screen is typically divided into quadrants. The user might choose the upper right quadrant by saying “Choose upper right”. That quadrant is then divided into 4 quadrants. It is then possible to quickly narrow down the regions the user wants to select. A similar access scheme with a reduced recognition time makes it practical to quickly select a region of the screen. For the virtual reality environment discussed earlier in this paper a region can be selected easily in real time. .
Who benefits

People with high level mobility impairments especially those with “locked-in” syndrome benefit from this type of  system. People with high level mobility impairment can not move their legs, arms or hands. They may retain some degree of movement of their head but not enough to provide a meaningful way to control an external system.. People with locked-in-syndrome typically have lost their ability to consciously move any movement except for their eyes. People with extreme forms of Amyotrophic lateral sclerosis (ALS) are an example of people with disabilities who could benefit. 

Eye tracking system have been typically used by this group of users but eye tracking system have the disadvantage that they are designed to make absolute movements. To move a cursor to a specific spot requires a more precise and sustained movement of the eyes which is fatiguing. Maintaining the calibration of the eye tracking system is also difficult. Eye tracking system typically rely on the reflection of a light off the cornea of the eye or on the contrast between the whites and the pupils of the eyes. As a result they are affected by the ambient light on the surroundings.  This system is designed to address these issues.

All computer users can also benefit. Applications that require computational intense calculations for visual representations such as virtual reality would also benefit. By tracking the users eyes and only rendering the area in the field of view of the user in high resolution the refresh rate and the resolution of the image that the user perceives an be improved. In current virtual reality application there is a lag as the user moves his head and a degree of pixelization, a coarse, block like rendering the the elements on the screen,  Tobii and Facebook's virtual reality goggle division are thought to be developing this approach.
 
Limitations
People with epilepsy can potentially be affected by the visual stimulus. Accessibility web content guideline suggest people with epilepsy avoid visual stimulus that flashed between 3 and 50 hertz.

Manufacturing Issues

We do not see any manufacturing issues with the system at the current time. All the 3D models, circuit schematics, PCB and code for the OpenBCI Ganglion and Ultracortex 3D printable EEG headset system are available on GitHub {https://github.com/OpenBCI ) and the designs are proven. The authors hope to build off of these designs.

The goal is the re-design the Ganglion board into a simpler and lower cost board so it will be more affordable, especially for people with disabilities who are normal on fixed incomes. The current Ganglion board has 4 channels for recording EEG signals and the proposed design only requires two. Similarly the Ultracortex 3D headset have many more locations than is required for the photic driving application. It can be simplified to remove cost. While the OpenBCI organization has done a great job of creating a system that can support a range of applications by focusing on the specific photic driving application, the authors hope to reduce the cost to end users even more as affordability is one of key barriers to accessing assistive technologies for people with disabilities.

How will it get out there

The Neil Squire Society is a Canadian not-for-profit organization that uses technology to create great independence for people with disabilities. (http://www.neilsquire.ca). They have created a on-line community called Makers Making Change. ( http://www.makersmakingchange.com ). The Makers Making Change community has an on-line library of open source assistive technology that makers, anyone with technical skills or the desire to learn technical skills, can download and build themselves. The Makers Making Change Community also provides a matching service that connect makers with people with disabilities that need assistive technology build for them. The goal of the community is to connect makers locally with people with disabilities in their community. The Community also provides a way for makers to give back to their community in a meaningful way. All the designs of this project are designed to be open source in nature. The goal is to distribute the plans through the Makers Making Change network so that the system gets to people who need it. 

We have also discussed the commercial aspects of the design in helping to reduce the load on CPUs and GPUs in a computational intensive applications such as virtual reality. The strategy is to detect where the user is looking and then only render in high resolution the areas encompassing the principle and peripheral vision of the user. The rest of the screen will remove in a low resolution format reducing the number number of calculations that need to done to render the image on the screen.  The authors are believers in the power of the open source movement and believe that better human interfaces improve products for everyone. While the design will address some aspects of the application it is not the principle goal of the authors.
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