Guages/Sensors Overview

Arousal Index
Developed By: Clemson University
Who: Eric Muth
What it Measures: General “arousal” of the subject as the inverse of the parasympathetic nervous activity (aka how relaxed a person is)
Sensors used: EZ IBI (measures inter-beat interval of the heart)
Details:

The arousal index uses heart rate variability as the primary input sensor. The big challenge was to do it real-time, as it was previously done using offline analysis. They used an already validated guage (arousal as inverse of parasympathetic neural activity). Looks at the inter beat interval (IBI). Looks for peaks in frequency of heart rate. Suceptable to bad electrode placement. Introduces artifacts. One artifact throws off the arousal meter for minutes before its effect seeps out of the gauge output. Uses a buffer to look at adjacent readings to find and correct artifacts in real-time. Asynchronous data comes in, is corrected as needed, and comes out as synchronous. Using a better normalization scheme to better read high-end arousal than before. UFI Inc is working on creating a wearable version of the necessary sensors. Arousal might not be a good objective measure, as different people “work better” in different ranges of arousal. They want to build per-subject calibration into the meter eventually, so the output becomes truly objective with respect to the subject, even when the subject’s “baseline” changes over time. Will talk later about how they achieve changes in a subject’s arousal in their lab at Clemson. 
Rob- Get a better idea of the high level meaning of “arousal” that this is measuring. Its an existing gauge, so you should be able to find literature. 

P300 Gauge
Developed by: Columbia University

Who: Paul Sajda, Lucas Parra, Adam Gerson (presenter), An Luo

What it Measures: How engaged a person is in what they are doing
Sensors used: 64-sensor EEG in a static environment

Details:

Goal is to distinguish between hard and easy tasks using EEG sensor data. Uses linear machine learning to evaluate the data. Subject’s played simple submarine arcade game, where enemy submarines change color or direction while shooting torpedoes at the player-controlled ship. Game divided into hard and easy modes (number of torpedoes) subject had to detect changes in sub colors. Subjects also had to count number of “beeps” at some times, ignore it at other times. EEG was 64 node system. Beep serves to stimulate the brain and about 300ms later you get interesting brain wave signals that tell whether or not the person is engaged. If they are so engaged that they effectively ignore the beep (probe), then the P300 is considered “on”. The beep acts as a timestamp and an instigator for collecting EEG data. It marks the start of the window. 
In another experiment, they used a similar sensor setup to determine when a person is planning on pressing a button. They use a 122 sensor MEG setup, which also is detecting brain activity. With more engaging tasks (besides sub game and button pushing), they hope it will improve the signal:noise ratio, giving them hope that they could do the same thing with only 15 sensors eventually (vs a full-fledged EEG array). 
They are making progress on localizing where this happens in the brain so they can cut down on the sensors needed. They are playing with different ways (supervised vs unsupervised) to measure the task difficulty. 
They gave us a real-time version of this gauge (in Anil’s architecture), which hasn’t been tested but they are confident it will work. They are hoping a really engaging task will make it much easier to measure it. It has not been tested in a mobile environment yet. 
1. What is the form of the output, Boolean?

2. Does it use neural networks to sense the engagement level? (not really important for our work, but nice to know)
Side Note
In Quake Environment, footfall is the normal sound so we see normal data from all the gauges. The beep/tone/probe sound acts as a timestamp/instigator for collecting sensor data from the brain. It’s the start of the window for evaluating the data. 
Combined Stress Gauge

Developed by: IHMC

Who: Anil and his team (at least two other guys who concentrated on the integration software)

What it measures: Subject’s stress level
Sensors used: Electrodermal response (similar to GSR), Electro myogram at the back of the neck (measures neck strain), pupillometry (measures diameter of pupil), and cardiac high frequency QRS (essentially heart beat)
Details:
Uses electro-dermal response (similar to GSR), electro-myogram (neck strain), pupil diameter, and cardiac high frequency microvolt QRS RMS. Uses all four sensors as of now, but can easily add more.
HF QRS. 1000-2000 Hz sampling of ECG (reading the heart beat). A calibration period is required to create a 70 beat template of millivolt QRS for each subject. Think of QRS as the beep machine that goes flatline on the hospital shows. This template is a constantly updating window (70 beats wide). The algorithm sees how the beat is different from the template, yielding the “residual microvolt activity.” The RMS (root mean square?) of residual goes down with increased stress. This sensor is confounded by movement/activity. Size of template window can be changed. Smaller window means less reliable results, but it would adapt more quickly to a change in the “normal” beat pattern. For example, a subject going from sitting down to running on a treadmill would confuse the algorithm until the template updates with the running heart rate. Movement is not a problem with the electrodes falling off, it is just a drastic change in exercise messes up the template until it stays constant. Constantly changing the heart rate due to changes in activity voids this sensor as a stress indicator.
EDR (electro-dermal response). Similar to GSR in that it is measuring electrical properties of the skin. It works best when placed on hands or foot. Measures change in eccrine activity. Very sensitive and reactive (like GSR). Confounded by heat and physical activity, as sweat changes sensor reading for a non-stress reason. 
EMG (electro-myogram). Electronically measures the tension of the trapezius muscle (ie measures tension in the back of the neck). Measures muscle tension in the neck. It is confounded by small movements of head, as they generate the same signals that stress generates. Big neck movement can be ignored successfully, as it generates a signal much greater than that created by stress. The algorithm ignores signals beyond this threshold. 

Pupillometry. This sensor uses 120-240 Hz video of both eyes to tracks changes in pupil size (NOT rate of change). It takes RMS (root mean square) of pupil diameter. They plan on measuring both eyes, whereas now they are only doing one. RMS Pupil Diameter increases with stress. As far as using this in the field, changes due to subtle ambient light (not including radical changes) would not mess up this system. But we haven’t heard of anyone doing a feasible job of putting this in the field. Someone else (she, could not get her name) is measuring the rate of change of the pupil instead of size. Rate of change of dilation (vs constriction) is not affected by environment, supposedly. In the far future we’d like to take ambient light changes into account to factor it out of the pupillometry measurement. I am not sure if the actual sensor is intrusive or not. 
All these four inputs are combined to measure stress. All are “baselined” during a calibration period (per subject) All inputs are averaged with equal weight (only the available ones are used). Number of sensors actually being used affects the “certainty value.” More sensors equates to higher certainty. They did some experiments with the number of tasks assigned, but didn’t come up with any great correlations. So the number of tasks a subject was engaged in did not directly show up in the stress gauge output. 
Executive Load Index
Developed by: Human Bionics
Who: Don DuRousseau (18 years experience with EEG)
What it measures: When the executive (high level scheduler) part of the brain is active
Sensors used: EEG

Details:

This gauge looks at delta, theta, and alpha frequencies of the brain. Like Anil’s heart sensing, a template is created from 20 seconds of “normal” activity. 2 second windows are compared to this template. The template window is constantly being updated with the latest data. All these brainwave signals are normalized somehow, but I do not know the details. The Executive Load Index tracks attention systems in the brain, perceptual, motor, overall control. There are 3 general networks in the brain based on neuro-evolution. The first is the smell/basic brain, which handles things like the fight or flight response. The second is the orienting aspect, or middle brain. This part would handle things like determining where a sound came from (front right or back left). The third and highest level is the executive brain, also called the high brain or neocortex. Oscillations between these 3 networks can yield interesting information. This gauge looks at the executive system. Sensors concentrate on two areas of the brain. One is aroused for alpha, other for delta/theta (delta/beta?). The challenge was to get meaningful results with high response time (not sure what I meant when I wrote this). This gauge has the added difficulty of validation (proving their results actually mean what they say they mean). When the dust settled after the big Honeywell Quake experiment (Concept Validation Experiment, in Honeywell speak), they could only tell the difference between low-unmitigated (low-off) and high-off (high-unmitigated). So they could tell high vs low workload, but could not tell when the mitigation (message scheduling) was going or not. 
Engagement Index

Developed by: Honeywell

Who: Steven Whitlow (presenter) and others
What it measures: Overall level of engagement (not good for moment to moment detection)
Sensors used: EEG
Details:

The engagement index uses EEG data. It supposedly measures your moment to moment engagement level in any task, but from their trials it only is good at measuring the overall level of engagement. Your network of available resources is engaged in some task, which this gauge can tell, but it can’t tell if the engagement is spatial or verbal. It was tested in the Quake3 environment, which had subjects completing 3 primary tasks (navigation, identifying friend from foe, and auditory message management). So far it seems to be a good measure of overall engagement instead of a moment to moment measure of how engaged one is. It has a high positive correlation with the Stress and Arousal gauges, and a moderate negative correlation with the Executive Load Index. So when the Engagement Index is high, the Executive Load index is low (trial-wide on a per subject basis, but has nothing to do with moment to moment analysis). Per-subject correlations are not so high. They would like to further explore the correlations between the gauges. Maybe they could learn something from looking at when different gauges correlate positively or negatively. They are also looking at getting other sensors (heel strike, accelerometers) to tell when crazy motion is happening and appropriate filters should be run on the EEG. From the quake experiment, only the Arousal gauge (measuring the inter-beat interval of the heart) was affected by the mitigation scheme (the message scheduler). 
