Bio-Sensing: Hacking the doors of perception

By 
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As we engage with the world, sense our environment, make decisions, and interact with the people and objects around us; our bodies are continuously responding with neural impulses, hormone release, changes in heart rate, breathing, sweating, etc. Although much of this biological activity is hidden from our conscious awareness, by monitoring these bio-signals we can become more aware of and modulate our physical, emotional, and intellectual responses to the people, things, and events (both pleasant and unpleasant) with which we spend our lives.  We can also use these bio-signals to interact more naturally with objects and digital systems, and to the extent we choose, we can share them to create new forms of communication and monitor the communications of others.   
Since ancient times, individuals and their physicians have observed the relationship between physiological responses and their emotions, behavior and mental events. It does not require advanced instrumentation to notice a quickening of pulse, or an increase in sweating. But, in the late 19th Century, scientists began to develop equipment to measure and record electrical events occurring in our bodies’ tissues. In the 1870s experiments utilized the ancestors of todays’ electroencephalogram (EEG; electrical activity generated by neurons firing in the brain) and electrocardiogram (ECG or EKG; electrical impulses generated by the contraction of heart muscles) were performed by Richard Caton and Alex Muirhead respectively.  Between 1888 and 1890 changes in the electrical resistance of human skin were first observed by Charles Féré and Ivan Tarchov using Galvanometer measurements.
Until recently, measurement of biological signals has been largely confined to doctor’s offices and research laboratories, but in the last decade or so, the wide availability of cheap electronics and microprocessors has brought an explosion of biosensors onto the market.  Today you can get off-the-shelf watches that measure your EKG (e.g. Polar, Garmin), alarm clocks that monitor your EEG and sleep patterns to wake you up on the optimal phase of sleep (Zeo, SleepTracker), and even video games that read your brainwaves to control your characters in a manner that verges on telekinesis (e.g. NeuroSky, Emotiv). As we look into the not-so-distant future, the possibilities seem virtually endless and much more like science-fiction than near reality. Research groups have begun to identify the combinations of EKG, GSR and EEG that accompany specific emotional reactions (happiness, sadness, anger, etc.) and these “honest signals” (book by Alex (Sandy) Pentland) are being used in focus groups to understand the true impact of advertising campaigns. Reading neural signals has begun to be useful for overcoming physical and even some mental disabilities and in the future these technologies will not only be used to overcome disability but to enhance ability and “augment reality.”  This augmented reality (AR) could include extra limbs under mental control through human computer interface (HCI), monitoring the emotions of yourself or others to enhance our expression and communication, and possibly even resemble telepathy. The social utility of this AR will likely multiply as the signals become networked and allow rich augmented interaction with any entity around the world. Of course, this bright future will raise many important and difficult questions, such as who has access to this gold mine of biological data and for whose ends might it be exploited. Will a clause in a 30 page privacy agreement permit Big Brother (1984 citation) direct access to your inner-most feelings?
Do-It-Yourself-ers and hackers can play an important role, both in developing radical new applications for bio-signals and in maintaining a balance between utility and privacy as we enter into this “Brave New World” (citation). With the development of modern electronics and microprocessor-based systems such as Arduino, the tools to measure such phenomena as EEG, heart rate, blood pressure, sleep cycles, skin resistance and even facial expressions are now inexpensively available to the hobbyist for personal experimentation. A list of commercially available sensors can be found in Table 1, and a list of devices that might be hacked for alternative uses can be found in Table 2. Together, these sensors offer a rich array of biological signals with which the hobbyist can experiment. Rather than leave the functionality of bio-signals up to a handful of companies, many millions of DIYers building on each other’s efforts can delve into combinatorial well of possible uses and true potential for bio-signals. The projects found in this article can serve as a starting point for readers to begin measuring biological signals. 
In addition to revealing the applications of bio-signals, hackers may well prove critical to finding solutions and maintaining a balance with privacy concerns. By actually reading those nasty privacy agreements and publishing egregious offenders and by creating open-source code that can be audited by independent observers, it’s possible for hackers to play an important in preventing abuses in this exciting arena.
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Table 1: Commercially available bio-sensors

1. Neurosky Mindset EEG Headgear 
http://www.neurosky.com/
Wireless EEG headset, $200, 1 channel, SDK available 
As is illustrated in this article this headgear permits easy serial interface to the Arduino and other Microcontrollers

2. Emotiv EPOC EEG Headgear 
http://www.emotiv.com/
Wireless EEG headset, $500-750, 14 channel, SDK features depend on price

3. OCZ Neural Impulse Actuator http://www.ocztechnology.com/products/ocz_peripherals/nia-neural_impulse_actuator
Wired EEG headset, $150, 2 channel (+ref), no API/SDK

4. OpenEEG circuity
http://openeeg.sourceforge.net/ 
Open source hardware EEG (see precautions)
DIY information: http://www.produceconsumerobot.com/thinkingcap/

5. Biocontrol Systems 
http://www.biocontrol.com/
EEG/EKG systems, ~$500, software plugin for Max/MSP

6. Thought Technology Ltd.
http://www.thoughttechnology.com/
High-end EEG, EKG systems

7. Intantech Biopotential Amplifier IC 
http://www.intantech.com/products.html 
Multiplexed EEG amplifier, 16 channels, $360
8. Biopac Systems Goleta California 
http://www.biopac.com/
Many products from EEG/EKG electrodes to eye trackers

9. Gaze Group
http://gazegroup.org/
Open source eye tracking software

10. Seeing Machines Facelab Eye Tracker 
http://www.seeingmachines.com/ 
Commercial and free, non-commercial licenses available

11. Opengazer
http://www.inference.phy.cam.ac.uk/opengazer/ 
Open source code for eye tracking with a webcam

12. Tobii Eye Tracking Equipment 
http://www.tobii.com/corporate/start.aspx 
High-end eye tracking equipment

13. Heart Rate Monitor Interfaces
Polar/NuMetrex

http://www.sparkfun.com/commerce/product_info.php?products_id=8661
http://www.polarusa.com/us-en/products/accessories/WearLink_transmitter
Garmin/Suunto http://www.sparkfun.com/commerce/product_info.php?products_id=8565
https://buy.garmin.com/shop/shop.do?pID=10996
http://www.suuntowatches.com/Suunto-Coded-Heart-Rate-Belt.pro

DIY information: http://www.produceconsumerobot.com/heartfeltapparel/

14. Accelerometers for measuring body motion http://www.sparkfun.com/commerce/product_info.php?products_id=8791
DIY information: http://www.cc.gatech.edu/ccg/resources/btacc/
http://en.wikipedia.org/wiki/Actigraphy 
15. Wiitilt 
http://www.sparkfun.com/commerce/product_info.php?products_id=8563
Wireless Accelerometer and gyro, $200

16. Stretch sensor for measuring respiration 
http://www.robotshop.com/imagesco-14-flexible-stretch-2.html
http://www.robotstoreuk.com/SENSORS%2BVISION/MerlinStretchSensor/MerStretchSensor-2.htm
DIY information: http://www.instructables.com/id/Circular-Knit-Stretch-Sensor/

17. Pulse oximeter finger probes 
http://www.savelives.com/cgi-bin/instock.pl?thisaction=step2&group=3&subgroup=4&fquery=&begin=0&itemnum=bcidfpa&itemspot=0
DIY information: http://innovexpo.itee.uq.edu.au/2003/exhibits/s363328/thesis.pdf
http://suchamagicworld.blogspot.com/2008/04/still-alive-heartbeat-irsensor-report.html
18. Flex sensors 
http://www.sparkfun.com/commerce/product_info.php?products_id=8712

19. Pressure sensors 
http://www.sparkfun.com/commerce/product_info.php?products_id=9478

20. Temperature sensor 
http://www.sparkfun.com/commerce/product_info.php?products_id=9418
21. Noldus Observer
http://www.noldus.com/ 
Online data logging and analysis tools


Table 2: Hackable bio-sensing toys and products
1. Mattel Mindflex Game 
http://www.mindflexgames.com/
http://frontiernerds.com/brain-hack
Measures concentration and relaxation from brain activity (EEG)

2. Uncle Milton Force Trainer 
http://unclemilton.com/starwarsscience/
Measures concentration and relaxation from brain activity (EEG)

3. Zeo Personal Sleep Coach
http://www.myzeo.com/ 
EEG-based sleep monitor
Hacking info: http://github.com/costan/zeo_sleep_decoder/
4. Wakemate Actigraphy 
http://wakemate.com/about/ 
Accelerometer-based sleep analysis

5. Fitbit
http://www.fitbit.com/product
Accelerometer-based activity/calorie monitor

6. BodyMedia Fit
http://www.bodymedia.com/
Accelerometer and temperature based activity/calorie monitor

7. Bodybugg Armband Sensor http://www.bodybugg.com/science_behind_bodybugg.php
Measures GSR/Heat Flux/Accerometer/Skin Temperature

8. Pulse Oximeters
http://www.pulseoximeteronline.com/?gclid=CLibvcbQgqECFdtL5QoduS6yyQ
Lots of commercially available pulseox sensors that may be hackable

9. Truth Wristband wearable GSR meter
http://www.makershed.com/ProductDetails.asp?ProductCode=MKSM1
Displays GSRs on RGB LEDs
DIY information: http://www.produceconsumerobot.com/truth/
10. Kinect for Xbox
http://www.xbox.com/en-US/kinect
Measures position of the body in 3D space and has been hacked for use with PCs/Macs/Linux
Many links on Kevin Kelly's Quantified Self site may also be of interest. http://www.kk.org/quantifiedself/qs-resource-links.php 

Text Box:

Reasonable Precautions With Biosensors (or Don’t Always Imitate Isaac Newton):

I tooke a bodkine [an Ivory Needle-IL] gh & put it betwixt my eye & [the] bone as

neare to [the] backside of my eye as I could: & pressing my eye

[with the] end of it (soe as to make [the] curvature a, bcdef in

my eye) there appeared severall white darke & coloured circles

r, s, t, &c.

Notebook of Isaac Newton http://www.lib.cam.ac.uk/exhibitions/Footprints_of_the_Lion/private_scholar.html
Your body and that of your fellow experimenters is an irreplaceable asset, so exercise reasonable care when working with biosensors. 

Some guidelines for these experiments include:

1. Unless you are an expert, never use an A.C. (wall outlet) as a power source and electrically isolate electrodes and parts in contact with the body from any high-voltage power source.  Use batteries and where possible and an unplugged laptop computer (rather than a desktop) for measurements directly connected to the body.

2. Don’t break or penetrate the skin when applying biosensors. Also avoid placing objects into your body (eyes, ears, mouth, and other internal locations).

3. Sterilize electrodes before use and avoid abrading the skin to avoid infection.

4. Follow manufacturer’s directions and exercise reasonable common sense when handling and placing biosensors. Specialized instructions and effective infection control procedures can be found on medical electronics and manufacturer’s sites for a particular type of experimental procedure (EEG, EMG, etc.).

With reasonable care these experiments can inform and educate us about our own bodies’ and physical and emotional states.

Project 1: How to make a Truth Meter
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In this project I’m going to show you how to make a Truth Meter that measures your galvanic skin response (GSR) for display on an LED or for input to a microcontroller. I call it a “Truth Meter” because GSR is an important component of lie detector tests (polygraph) used to assess how nervous you are while answering questions during interrogation. The GSR is measured as a decrease in skin resistance created by micro pulses of sweat released from apocrine sweat glands that are tied into the arousal systems in your body, like adrenaline. When you experience an arousing stimulus, like an evocative question, a startling noise or even a disturbing thought, you generate a variety of psychophysical responses and after a short 1-2 second delay these result in a pulse of sweat that increases your skin conductance. The reason that your palms sometimes get sweaty during public speaking or a job interview, for example, is because your mind is on high alert and every small stimulus generates these pulses of sweat that over time make your hands noticeably more sweaty. 
So how do we measure the GSR? The first step is to understand the signal we want to measure. Figure 2 shows my raw skin resistance and Truth Meter output recorded over a 10 minute period while my friends asked me questions, pinch me, etc. The sharp decreases in resistance are the GSRs and the slow creeping back up is likely due to evaporation of sweat from my fingers. We want to make a Truth Meter circuit that transforms the signal to detect these sharp decreases in skin resistance and light up an output LED. 

Disclaimer: It should be noted that polygraphs are currently not permissible as evidence in the courts of many U.S. states and E.U. countries because they are deemed unreliable. Furthermore, the typical polygraph setup, as the name suggests, includes several measures such as GSR, heart rate, blood pressure, etc. The Truth Meter we’ll build today is very good at detecting changes in arousal and may be able to identify lies under very well controlled circumstances, but should be combined with additional measures to more accurately distinguish specific emotional states.
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Step 1: 
The skin resistance sensor is very simple; it’s just some metal contacts attached to your finger with a piece of Velcro. Hypoallergenic metals and those less reactive with the skin like stainless steel, silver and gold are the best, but any solderable metal will work and I recommend copper or brass foil. We will measure the skin resistance from the fingers because the apocrine sweat glands that create the GSR are in VERY high compared to other areas of your body.
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Steps 1a-1e are performed twice, once for each finger sensor as shown in Figure 4.

1a. Cut a 0.75 x 3.5 inch piece of sticky back loop Velcro and a 0.75 x 0.75 inch piece of hook.

1b. Align and stick the hook Velcro on one end of the loop Velcro with the hook and loop facing outward (away from each other).
1c. Cut a 10 inch piece of wire and strip 0.5 inch off one end. Lay the wire down onto the sticky side of the loop Velcro so that the stripped portion hangs off the edge.

1d. Lay a piece of copper/brass foil over the sticky side of the loop Velcro and wire. Press firmly and evenly together and trim off the excess foil.

1e. Bend over the stripped portion of the wire and solder onto the copper foil. Try to create a smooth, flat surface with the solder so that it doesn’t dig into your finger when you put it on.

Repeat 1a-1e for the second sensor.

1f. Strip 0.25 inch of the sensor wires and solder the ends to a 2 pin header so they may be inserted into the breadboard. 

Step 2: 

The circuit is also quite simple and can be constructed by following the pictures in Figure 5. I will here describe the “conceptual steps” of the circuit and how it is transforming the GSR signal.

2a. Convert the resistance to a voltage using a resistor to divide the supply voltage. Using a high resistance 1M resistor can introduce noise into the circuit, but has the benefit of making the resistance-voltage curve roughly linear over a wide range of baseline skin resistances. 

2b. High pass filter the signal using an R/C op amp filter. Because the skin resistance can vary over a very wide range depending on individual differences, weather, mental state, etc., we need to have the circuit automatically calibrate to each person’s baseline skin resistance. Since the GSRs are short lasting events, we can filter out frequencies under ~0.5Hz to quickly calibrate to a steady baseline and still let through the GSR signal. 

2c. Low pass filter the signal at ~5Hz to filter out high frequency noise (e.g. 60Hz).

2d. Use diodes to set the baseline voltage on the (+) pin of the op amp at about +1.6V (from V-). This baseline sets the output voltage just below the threshold required to light up the red LED. Depending on the current/voltage characteristics of your diodes, this will usually require 3 diodes in series. To test this, after putting the diodes in the circuit, use a multi-meter to determine the voltage drop between the op amp (+) pin and V-. Also note that this circuit requires the op amp to be capable of I/O somewhat near the negative rail (~1V). Many op amps will work, but some may not meet this specification.

2e. Amplify the signal so that the output voltage will cross the threshold of the LED. With a 100K resistor, the circuit is VERY sensitive to GSR. You can switch it out for a 10-20K resistor for less sensitivity or a variable resistor if you want more control.
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Insert your battery leads into the side rails of the breadboard (check orientation, red=plus) and Voila! You have your very own Truth Meter. See what happens if someone asks you a question, when you laugh or get surprised. Note the response has a 1-2 second biological delay. Everyone responds differently. See if you can turn it red with your mind. Try it on your friends, acquaintances, adversaries… it’s great way to get to know someone!
Project 2: Read your EEG, free your mind!
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The ability to monitor and interpret brain activity is the holy grail of bio-sensing. Holding the key to perception, thoughts, emotion, planning, actions – essentially all conscious and sub-conscious cognition – it is difficult to argue for a greater pursuit. But despite nearly 100 years passing since Hans Berger first began to categorize different types of electro-encephalogram (EEG; literally measuring electricity from the head), it has been a long slow road to decode the complex behavior of neurons in the brain. Until recently it has been a practice limited to research labs, usually costing tens of thousands of dollars for a quality system. But today there are several high quality sub-$1000 systems that can record 1-14 channels of EEG activity (see Table 1). This project will detail how to interface one of these systems, the NeuroSky MindSet (Figure 6), to the Arduino and to a cross-platform Processing program for display and logging neural data.
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First, some background on the brain. Neurons communicate with one another using a combination of electrical and chemical signals and each time a neuron fires, a small voltage is created inside the brain. There are approximately 100 billion neurons in the brain. That’s a lot of neurons inside your little head – approximately as many galaxies as there are in the universe. So to prevent neuronal chaos, the brain has developed systems of synchrony to selectively enhance communication between specific groups of neurons. The idea is basically that neurons that fire at the same time are better able to communicate with one another than neurons that fire out of sync. When a large group of neurons all fire synchronously, the voltages summate to create a voltage large enough to be measured from electrodes placed on the scalp. An example of this is seen in the event-related potentials (ERPs) seen in response to presentation of an auditory or visual stimulus (Figure 7). In addition to brief synchrony events like ERPs, the brain also exhibits oscillations that rhythmically synchronize groups of neurons for more sustained periods and can exhibit different frequencies during different behavioral activities. For example, during concentration, beta (14-30Hz) oscillations appear in the frontal parts of the brain, whereas if you close your eyes and relax, alpha (8-12Hz) oscillations appear the rear of the brain (Figure 8). Theta (4-7Hz) oscillations commonly accompany drowsiness and delta (1-3Hz) accompanies deep stages of sleep. Faster gamma (30-100Hz) oscillations are also modulated by behavior in interesting ways where very specific brain regions can increase gamma and synchronize with one another during a particular behavior. This specificity makes gamma oscillations especially interesting for researchers trying to understand the brain, but for several reasons outlined below they are also especially difficult to study.
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A major difficulty of monitoring EEG is that these signals are very small when recorded from the scalp. Relevant signals can be one microvolt or smaller (that’s one millionth of a Volt) and pale in comparison to the activity of muscles in the eyes, face, head and neck that can generate Voltages over 100 times larger. Ambient electrical noise from wall power (60Hz in US, 50Hz in EU) and other sources can also interfere with accurate brainwave measurement. In addition to measuring problems are difficulties of interpretation. Despite nearly 100 years of work, researchers still have difficulty to understand the basic principles of brain activity even under very well controlled conditions with repeated trials, much less take into account individual differences in real-life situations. But these difficulties can do little to deter a curious mind from seeking to understand the wonders of the brain.
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As mentioned above, there are several good options for monitoring EEG these days and each of them has different tradeoffs. The main trade offs are cost, number of channels, ease of setup/use, availability of raw as well as pre-analyzed data, open standards/licensing, safety, and the use of dry versus wet electrodes. The NeuroSky MindSet that we’ll cover in this project scores very well on most of these criteria. The MindSet is cheap ($200), easy to use, gives access to raw data as well as 10 pre-processed measures of brain activity, has open standards, is very safe due to the fact that the signal is transmitted wirelessly over bluetooth (no wires connecting to wall power while wearing the headset), and has dry electrodes (no requirement for saline or gel). Its principal limitation is the fact that it has only a single channel, which limits the ability to simultaneously monitor multiple brain regions, but also makes the headset easy to put on and use. Overall, we found this a great set of features to get started monitoring brainwaves.

This project will cover how to read data from the MindSet via bluetooth into your computer for display and logging and into the Arduino for direct mind control of your physical computing projects. 
We’ll begin by getting your MindSet plotting and logging data directly to your computer over Bluetooth. For this, all you need is a NeuroSky MindSet and your computer. The first step, if you haven’t already, is to install the software and follow the instructions that came with your MindSet. Briefly, after installing the software on the CD, plug in the accompanying Bluetooth module, turn on the MindSet and put the headset into discovery mode by holding the play button until the red and blue lights on the MindSet flash. Open the Bluetooth settings on your computer and add a new Bluetooth device in custom mode. Choose the MindSet and add a connection to the serial port. Note the specific serial port that your MindSet is connected to (e.g. COM41) -- you will need it later. Finally, connect to the MindSet using the passkey 0000. You can test whether your MindSet is working properly with NeuroSky’s Brainwave Visualizer.
Once your MindSet is talking via Bluetooth to your computer, you can set it up to view and log the data in Processing using some great libraries written by folks in the open-source community. Detailed instructions for how to do this can be found at http://processing.org/download/http://www.ProduceConsumeRobot.com/mindsetresources/

. Basically, you need to download and install Processing  and the following libraries:

MindSet - http://www.ProduceConsumeRobot.com/mindsetresources/
Arduinoscope - http://code.google.com/p/arduinoscope/downloads/list
ControlP5 - http://www.sojamo.de/libraries/controlP5/
After downloading and uncompressing the libraries, move them into your processing folder so that the directory structure is as follows:

processing\libraries\MindSet\library\

processing\libraries\arduinoscope\examples\

processing\libraries\arduinoscope\library\

processing\libraries\arduinoscope\reference\

processing\libraries\arduinoscope\src\

processing\libraries\controlP5\examples\

processing\libraries\controlP5\library\

processing\libraries\controlP5\reference\

processing\libraries\controlP5\src\

Now you’re ready to download the MindSetBTViewer from http://www.ProduceConsumeRobot.com/mindsetresources/. Extract and open MindSetBTViewer.pde in processing. You will need to change the “serialPort” variable to match the serial port that your MindSet is attached to (e.g. “COM41” as above). If you get an error when you hit “Run” it’s very likely because (1) you didn’t enter the correct serial port (2) your MindSet Bluetooth connection isn’t set up properly (3) your Processing libraries are not in the correct location.

Figure 9 shows MindSetBTViewer properly communicating with the MindSet. Once your MindSet is communicating with Processing, it is critical to patiently work with the position of the device on your head to get a high quality signal as seen in the top panel of Figure 9. Look for low background noise in the Raw EEG and low ErrorRates. Many times you will get a good signal very quickly, but depending on several factors it can take as much as 30 seconds or more for the MindSet to settle into a good signal. To speed up that process it can be quite helpful to dab your forehead and ear with some salt water (1/4 teaspoon of salt in a cup of water works).
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Now that we know how to record brainwaves, let’s read them into an Arduino to directly control our physical computing projects with our minds! For this you will need the materials listed in Figure 10. First, turn off your MindSet and then wire up your proto-board with an Arduino, BlueSmirf and LEDs as shown in Figure 11a. Then program your BlueSMiRF with the specific MAC address of your MindSet using CleanProgramBlueSMiRF.pde (program and instructions for use can be found at http://www.ProduceConsumeRobot.com/mindsetresources/

). Briefly, open CleanProgramBlueSMiRF.pde in the Arduino IDE and set your “Board” and “Serial Port” under Tools. Then change the MAC address (mac[13]) so that it reads the MAC address of your MindSet (this can be found labeled on the MindSet or in your Bluetooth settings). Verify and upload. If the program completed successfully, the LED on I/O13 will flash at one second intervals. If the program failed, I/O13 will not flash and the bar LED will light up to indicate where in the program sequence it failed. If you experience a failure, try programming a second time.

Once you program the MAC address successfully, you’re ready to disconnect the RX pin on the BlueSmirf (TX on the Arduino) to enter Run mode (as in Figure 11b) and download the MindSetArduinoReader from http://www.ProduceConsumeRobot.com/mindsetresources/. Extract and open MindSetArduinoReader.pde in the Arduino IDE and then verify and upload. Turn on your MindSet and after a short negotiation period, the MindSet should auto-connect to the BlueSMiRF module indicated by a solid green LED on the BlueSmirf and a solid blue LED on the MindSet. If everything is working properly, when you open the Serial Monitor (under Tools), after a brief delay you should see several columns of CSV data streaming over the serial port. Close the serial port monitor and download and extract the MindSetArduinoViewer from http://www.ProduceConsumeRobot.com/mindsetresources/. Open MindSetArduinoViewer.pde in Processing, change the serialPort to that of your Arduino and hit Run. This should open a window similar to the MindSetBTViewer showing Raw EEG at the top and other measures below. If you haven’t already, put the MindSet on your head and try to get a good EEG signal. Once you do, your ErrorRates should drop to zero causing the red LED on your breadboard to light up and the bar LED meter should begin to show your Meditation score. You can change which values are displayed on the bar LED and which values are set over the serial port in the “add your code here” portion of MindSetArduinoReader.pde. Make sure to also change the plotVar labels in MindSetArduinoViewer.pde so you keep track of the values you’re viewing/logging. Note that MindSetArduinoViewer.pde can also be used to plot ANY data sent over the Arduino serial port. Just change plotVars to reflect what you’re sending and voila, a digital oscilloscope at your disposal.
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So now you can see how easy it is to begin bio-sensing. With the myriad possibilities that can be explored to better understand and modulate ourselves and communicate with one another through bio-sensing, we hope this article will inspire the DIY community to embrace the analog and digital electronics inside their own body.
Many thanks are due to those who helped make this article happen. NeuroSky donated MindSets and their open-source documentation and engineering resources. Rob King graciously contributed his MindSet Java library for parsing MindSet Bluetooth signals.
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Figure 5. Wiring up the Truth.
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Figure 1. Bio-sensing offers many avenues to explore the workings of the human body and the ways that we both consciously and subconsciously sense and respond to the world around us. (need image copyright permission)
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Figure 4. Construction of GSR finger sensors using Velcro, copper foil and wire.





Figure 3. Truth Meter Materials





.Quantity�
Material�
�
2�
0.75x3.5” loop Velcro�
�
2�
0.75x0.75” hook Velcro�
�
2�
1x3” strips brass or copper foil �
�
2�
10” wire�
�
2�
2-pin header�
�
1�
prototyping breadboard with wire kit�
�
4�
AA batteries�
�
1�
4xAA battery holder�
�
1�
dual op amp (MCP6002)�
�
2�
3M3 res�
�
1�
1M res�
�
1�
100K res�
�
1�
10K res�
�
1�
1K res�
�
1�
220 ohm res�
�
2�
0.1uF cap�
�
1�
10nF cap�
�
3�
diodes�
�
1�
red LED�
�
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Figure 2. Raw skin resistance (top, black) and Truth Meter output (bottom, red) measured over a 10 minute period while my friends ask me questions, pinch me, etc. Note the steep decreases in skin resistance reflecting the GSR that are converted by the Truth Meter circuit into to sharp voltage spikes deviating from a steady baseline.





Figure 6. Example of an EEG electrode array used in neuroscience research (left) and two off-the-shelf EEG headsets by Emotiv (middle) and NeuroSky (right). (Need permission for left and center pictures?)





Figure 7. Event related potentials (ERPs) are voltage fluctuations detected on the scalp that are created by large groups of neurons in the brain firing synchronously in response to a stimulus. (Image from wikipedia, need permission?) 





Figure 8. The raw EEG trace (top) and spectral analysis separating different frequency components of the signal (bottom) show changes in brain oscillations during different behaviors. Closing the eyes leads to neuronal synchronization in the 8-12Hz (alpha) band, generating a large voltage oscillation on the scalp and increased power (red) in the 8-12Hz frequency band.





Figure 9. Examples of Raw EEG, Alpha2 (10-11.75Hz), Meditation, and ErrorRate data from the MindSet. The top panel shows a high quality recording from the MindSet. Note the very low background noise in the Raw EEG (top trace) that permits both eye blinks and brainwave patterns to be observed. Note that when I closed my eyes Alpha2 and NeuroSky’s proprietary Meditation values went up. The bottom left panel shows an example of bad signal. Although the error rates are low and a Meditation value is consistently observed, the background noise in the Raw EEG is too high to reliably observe brain patterns. Here you can clearly see how critical viewing the Raw EEG is to assessing the quality of the EEG data. The bottom right panel is an example of very bad signal commonly observed in the first few seconds after putting on the MindSet. Error rates are high, meditation (and attention, not shown) values are sporadic and the Raw EEG is extremely noisy. 





Quantity�
Material�
�
1�
NeuroSky MindSet�
�
1�
Arduino�
�
1�
BlueSMiRF Gold�
�
1�
prototyping breadboard with wire kit�
�
1�
10 segment bar LED�
�
1�
LED�
�
11�
75 Ohm (or similar) resistors�
�






Figure 10. Materials





Figure 11. Wiring up the Arduino to the BlueSMiRF and LEDs for reading EEG from the MindSet. (a) BlueSMiRF programming mode connects the Arduino TX/BlueSMiRF RX to load the correct MAC address onto the BlueSMiRF. (b) Run mode disconnects the Arduino TX/BlueSMiRF RX to output EEG measurements on LEDs and over the Arduino’s USB serial monitor.
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