neuromore engine: v1.7.3

All raw EEG recordings are saved into [USER]/Documents/OpenBCI_GUI and names each session with an autogenerated timestamp by default.

nasion to inion: 15.5”
from left preauricular point to right (through midpoint of nasion-inion measurement:14”
around the head connecting all 4 points nasion-inion-preauricular points): 23 3/8”

Reward band: 19-22 Hz
Inhibit band: 2-12 Hz

serial port from dongle to laptop called COM*

To reset settings on Cyton board:
1. Open OpenBCI GUI
2. Restore the default channel configuration first
a. Turn on Cyton and connect it to the OpenBCI GUI using dongle
b. Start a session, but stop EEG streaming before sending the reset command.
c. In the GUI, select Settings → Expert Mode On
d. Open Cyton Hardware Settings
e. Find Send Custom Command UI
f. Enter the lowercase letter d
g. Click Send Command

The lowercase d is the official OpenBCI command for restoring all channel settings to their defaults. The reset settings are now:
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Note:
· Lowercase d: Restores the default channel configuration.
· Lowercase v: Performs a software reset of the Cyton's peripherals.
· Settings → Default: Restores OpenBCI GUI settings; it is not equivalent to a complete hardware factory reset.

These procedures do not reinstall the Cyton firmware or necessarily restore every radio configuration parameter

TROUBLESHOOTING:
If the initialization of OpenBCI GUI fails, try the following steps in order:
1. Making sure you've selected the correct serial/COM port.
2. Power down your Cyton board and unplug your USB Dongle. Then, plug back in your USB Dongle and power up your Cyton board in that order. you should see solid blue LED light up. Then restart GUI and press START SYSTEM.
3. If this does not work, try relaunching the OpenBCI GUI application and redo previous step above. Then look at the SYSTEM CONTROL PANEL settings, make corrections if needed and retry START SYSTEM.
4. Make sure that your batteries are fully charged and then retry the steps above. If the channel number is not being displayed, select "AUTOSCAN" from the RADIO CONFIGURATION settings.
5. Once EEG output for F3 is observed, run fingers along electrode pins and observe the data stream.

You should see the 8 channels on the Time Series widget behave chaotically in response to you touching the pins, and all the traces of the FFT graph on the upper right should instantly shift upwards. If you are still having trouble connecting to your Cyton board, refer to the Forum for extra troubleshooting advice.

Locate F3
Use the international 10–20 system rather than estimating F3 as a fixed distance above the eyebrow.

For accurate placement:
1. Identify the nasion: the depression at the bridge of the nose.
2. Identify the inion: the prominent point at the back of the skull.
3. Identify the left and right preauricular points near the ears.
4. Measure the head using a 10–20 placement guide or use an accurately fitted EEG cap.
5. Locate Fz on the frontal midline.
6. Locate F3 on the left frontal row, lateral to Fz.

“Left” means the participant’s left. Placement errors of a few centimeters can materially change what is being measured, so a marked EEG cap or measurement tape is preferable.

Prepare and attach the electrodes
With the Cyton switched off:
1. Bind all electrode cables together with a piece of electrical tape to minimize cable movement.
2. Ensure electrodes are connected securely, especially the reference electrode.
3. Inspect the skin for irritation or injury.
4. Part the hair at F3 until the electrode contacts scalp rather than hair.
5. Clean the locations by applying a swab moistened with isopropylacohol to the skin with light abrasion of the skin with the swab (including both ear lobes)
6. Apply conductive paste Ten20.
7. Secure the active electrode at F3.
8. Attach the reference electrode to the right earlobe, A2.
9. Attach the BIAS electrode to the left earlobe, A1.
10. Route the wires so head movement does not pull on the electrodes.
11. Keep the F3 wire away from power adapters and bundled electrical cables.

Only one program can normally hold the Cyton serial port at a time, so close the OpenBCI GUI before connecting through neuromore.

Wire the Cyton
With the board still off:
1. Charge the lithium battery to full before using.
2. For all electrodes in use, F3, BIAS, GRD, make sure the header pins showing the metal looking parts are upwards.
3. Connect the F3 lead to the bottom-row channel-1 negative input, labeled N1P, 1N, or similar depending on the board labeling.
4. Connect the A2 reference lead to bottom SRB2.
5. Connect the A1 BIAS lead to bottom BIAS.
6. Make sure no other non-used header pins are attached to the board.
7. Check carefully for adjacent-pin mistakes.
8. Insert the Cyton USB dongle into the USB extension cord already attached to the computer and place dongle away from sources of interference and close to the Cyton.
9. Plug in Lithium-ion battery to the Cyton
10. Make sure the dongle is switched to GPIO 6 and not “reset.”
11. Make sure the Cyton is switched to “PC.” A blue light on the board will light up.
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In the OpenBCI GUI:
1. Select LIVE (from Cyton).
2. Select the Cyton serial port.
3. Set the channel count to 8.
4. Start the system.
5. Stop streaming temporarily if required before opening Hardware Settings.
6. Set channel 1 to:
o Power: on
o Gain: ×24
o Input type: Normal
o BIAS include: Yes
o SRB2: On
o SRB1: Off
7. Power down channels 2–8.
1. In the Time Series panel, find the round channel-number controls on the left side of the traces.
2. Click the round number controls for channels 2, 3, 4, 5, 6, 7, and 8
3. Do not click the nearby Ω impedance controls.
4. Each powered-down channel may show a brief transition and should then settle at or near zero.
8. Send the settings to the board.
9. Start streaming.
10. Look for railed or near-railed warnings and obvious 50/60 Hz interference.
11. Confirm that the waveform changes when the participant blinks or gently moves the eyes, but returns to a quieter baseline afterward.

A railed or persistent near-railed warning means the amplifier input is at or close to its measurable limit.

Cyton check
1. Open the GUI application and select Cyton.
2. Select the Manual option.
3. Unplug your dongle and select Refresh on the port selection.
4. Plug the dongle back in and select Refresh once again.
5. Select the serial port number (so that it's highlighted green).
6. Select channel 20 within the "OVERRIDE DONGLE" dropdown.
7. Press "SYSTEM STATUS" and you should see "SUCCESS - HOST AND DEVICE ON CHANNEL 20".
8. Hit "START SESSION".

Move from OpenBCI GUI to neuromore.
1. Stop the OpenBCI stream.
2. Close the OpenBCI GUI completely so it releases the serial port.
3. Do not switch off or power-cycle the Cyton.
4. Do not press the Cyton reset button.
5. Open neuromore Studio.
6. Connect to the Cyton.
7. Start a short test session.
Expected result:
· Channel 1 contains the F3 EEG.
· Channels 2–8 are absent, flat, or approximately zero.

If neuromore cannot connect:
1. Reinsert the dongle.
2. Restart the Cyton.
3. Confirm that the correct serial port exists.
4. Close the OpenBCI GUI and other serial-port software.
5. On Windows, verify the dongle driver and set the serial-port latency timer to 1 ms if that option is available.
6. Restart neuromore after changing the device settings.

Important limitation: the settings are not permanent
Cyton channel power settings are stored in the board’s active configuration, not as a permanent setup. A power cycle, reset, or software initialization can restore the channels. Moreover, neuromore may reset or reconfigure the board when it connects. Therefore, settings made in the OpenBCI GUI are not guaranteed to survive every neuromore connection.

After neuromore connects, verify the channels:
· If channels 2–8 remain flat/zero, they stayed powered down.
· If channels 2–8 again contain floating noise, neuromore re-enabled or reset them.

If neuromore re-enables channels 2–8
Then verify that channels 2–8 become zero. The Cyton firmware accepts these commands while streaming or while stopped. If neuromore 1.7.3 does not expose a board-command or power-control feature, you may be unable to guarantee hardware-level power-down from within neuromore. In that case:
1. Keep F3 connected only to channel 1.
2. Leave channels 2–8 physically unconnected.
3. Ensure the classifier uses only channel 1.
4. Do not include channels 2–8 in the filter, FFT, baseline, or feedback calculation.
5. Watch the raw EEG View to confirm that the processed signal is channel 1.

That software selection prevents unused channels from entering your classifier, although true hardware power-down is preferable because floating channels can otherwise participate in the Cyton’s BIAS calculation.

OR…

To keep Channel 1 active and power down Channels 2–8:
1. Close neuromore Studio.
2. Open File Explorer, paste this into the address bar, and press Enter:
1. %LOCALAPPDATA%\neuromore\NMStudio
2. Open the Devices folder. If it doesn’t exist, create a folder named exactly Devices.
3. Open Notepad and paste:
   {
     "deviceType": "openbci",
     "eeg1": { "enable": true },
     "eeg2": { "enable": false },
     "eeg3": { "enable": false },
     "eeg4": { "enable": false },
     "eeg5": { "enable": false },
     "eeg6": { "enable": false },
     "eeg7": { "enable": false },
     "eeg8": { "enable": false }
   }
4. Choose File → Save As, set Save as type to All files, and save it inside that Devices folder as openbci.json. Make sure the name doesn’t end in .txt.
5. Reopen neuromore Studio and connect your Cyton as usual. Studio reads these files at startup and sends the channel settings when it connects.

Channel 1 also receives the driver’s standard EEG settings: gain 24, normal input, BIAS included, SRB2 on, SRB1 off.

The required final hardware state is:
Channel 1: ON — F3
Channel 2: OFF
Channel 3: OFF
Channel 4: OFF
Channel 5: OFF
Channel 6: OFF
Channel 7: OFF
Channel 8: OFF
SRB2: reference electrode
BIAS: BIAS/ground electrode

Troubleshooting high railed:
1. secure equipment to minimize movement (bundle unused electrodes and use tape to secure active electrode).
2. keep amplifier and electrodes away from any power source, especially the laptop
3. hair should be shampooed without conditioner before neurofeedback sessions (no hair gel too)
4. be more abrasive with alcohol swabbing, remember to clean ears too
5. try switching ears for each ear electrode
6. make sure ear clip electrodes are positioned so that there is contact between ear and conducting part of electrodes.
7. use NuPrep?

Do not compensate for railing by changing the reward threshold. Railing is an acquisition failure, not a high or low amount of the EEG frequency you are training.

Impedance testing (in OpenBCI GUI):
1. In one of the GUI panels, select Cyton Signal from the widget dropdown.
2. Select Impedance mode.
3. Either test the channel containing F3 individually or select Check All Channels.
The Cyton tests the electrodes one channel at a time by injecting a small 31.5-Hz test signal. OpenBCI specifically warns against simultaneously impedance-testing multiple channels because the injected signal interferes with nearby channels.
4. Look at the reported impedance for your F3 channel.
A very high value indicates poor electrode–scalp contact.

Troubleshooting high impedance:
1. part the hair more thoroughly
2. make sure the gold cup is actually contacting the prepared scalp
3. add/redistribute conductive paste or gel as appropriate and retest.
4. Return to Live mode.

OpenBCI registers around 5000 k-Ohms when no electrodes are attached. ≤10 kΩ as a good practical target, and ≤5 kΩ as an excellent target if you can achieve it comfortably.
The Cyton Signal Widget's Live mode shows the channels together and reports Railed Percentage. Railed/near-railed signals generally indicate poor/no electrode contact or a signal exceeding the input range.

Frontal high-beta activity is easily contaminated by muscle. Perform these tests before training:
1. Relax completely and note the 19–22 Hz level.
2. Clench the jaw gently—the high-frequency spectrum will usually increase substantially.
3. Raise the eyebrows or wrinkle the forehead.
4. Blink several times.
5. Look left and right without moving the head.
6. Let the electrode wire move slightly.
If “success” becomes easier during facial or jaw tension, the classifier is rewarding EMG rather than reliable frontal EEG.

Filter out AC noise
1. Use the OpenBCI GUI’s built-in notch filter to remove 50 Hz interference
2. Adjust the notch filter by clicking the Filters button next to Start/Stop Data Stream and selecting the appropriate option from the dropdown list.

??? A useful enhancement is an artifact gate based on a higher-frequency band such as approximately 30–45 Hz or a raw-amplitude limit. If that artifact measure exceeds its baseline-derived threshold, force feedback to zero. This does not replace visual observation, but it reduces obvious muscle reinforcement. ???

Additional troubleshooting
For your single-channel arrangement, troubleshoot in this order:
1. F3 active electrode → bottom N1P/1N
2. Reference electrode → bottom SRB2
3. BIAS electrode → bottom BIAS

That order identifies the likely source. If only channel 1/F3 is railed. The most likely problem is the F3 electrode or its cable. Do not use the affected period for baseline calibration. Keep the Cyton battery-powered. Do not attach a charger while electrodes are on the person.
Check whether: Only channel 1 is railed; or Every active channel is railed. Do not use arbitrary universal microvolt thresholds. Electrode type, reference placement, skull conductivity, FFT settings, posture, and software scaling all affect the values.

If movement of the F3 cable causes abrupt jumps or immediate railing, the contact or cable is unstable.

If all active channels are railed, in a referential montage, this usually points to a common electrode:
1. SRB2 reference has poor contact or is disconnected.
2. BIAS has poor contact or is disconnected.
3. The reference and BIAS leads are swapped or connected to the wrong pins.
4. SRB2 is not enabled for the active EEG channel.
5. BIAS inclusion is disabled.
6. The board configuration was reset when another program connected.
7. Reapply or improve the reference electrode contact.
8. Reapply or improve the BIAS electrode contact.
9. Make sure the two electrodes are not touching each other.
10. Confirm neither lead is connected to a board power-ground/GND pin.
11. Confirm channel 1 has SRB2 on and BIAS include enabled.
12. Confirm unused channels are powered down or excluded.

A disconnected reference commonly causes a dramatic failure because every referential EEG channel depends on it. Should you lower the gain? Only consider reducing gain after fixing electrode, reference, and BIAS contact. OpenBCI suggests trying a lower gain (x16, x12, x8) when a correctly attached channel remains railed. However, for ordinary EEG, ×24 is the normal starting value. Lowering gain should not be used to hide a disconnected or poorly attached electrode.

If you lower the gain:
1. Use the same gain for baseline and every training session.
2. Ensure neuromore converts the channel using the correct gain. If neuromore assumes ×24 while the board is actually at ×12, the displayed µV scale may be wrong.
3. Repeat the entire baseline.
4. Replace all reward, inhibit, and artifact thresholds derived under the previous gain.
5. Document the gain in the session record.

Other causes to check:
Environmental interference. Move away from:
· Laptop power adapters
· Extension cords
· Fluorescent/CFL/LED lighting power supplies
· Large metal desks
· Mains-powered monitors
· Wi-Fi access points immediately next to the electrodes
· Bundled power and electrode cables

Operate the laptop on battery temporarily as a diagnostic test if practical.
Movement and drying paste. A previously good channel may become near-railed because:
· The participant moved.
· The electrode shifted.
· Paste dried out.
· Cable tension lifted the electrode.
· The earlobe clip loosened.
Stop, correct the contact, and restart rather than accepting the affected data.

What counts as acceptable? Do not rely on a single universal percentage cutoff.
The practical requirements are:
· No persistent RAILED warning
· No repeated NEAR RAILED state while sitting still
· Raw F3 remains within the amplifier range
· No flat-topped or flat-bottomed waveform
· No large unexplained DC offset
· Stable signal during relaxed, motionless recording
· Clear recovery after an intentional blink or brief movement
-	Reward and inhibit metrics do not track cable movement or facial tension

Neurofeedback/Establish individual thresholds
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Prepare and attach the electrodes
How to fit an EEG cap
1. Identify the landmarks first. Find the nasion (indentation at the bridge of the nose), inion (prominent bump at the back of the skull), and the left and right preauricular points near the ears. These landmarks establish the 10–20 coordinate system.
2. Find Cz. Measure from nasion to inion over the top of the head and mark the halfway point. Then measure from the left preauricular point to the right preauricular point over the top of the head. The midpoint of that measurement should intersect the first midpoint. That intersection is approximately Cz.
3. Orient the cap before putting it on. Make sure the front/back and left/right markings are correct. Caps often have Fp1/Fp2 toward the forehead and O1/O2 toward the back. Do not rely solely on the cap seam.
4. Pull the cap onto the head and align Cz. Position the cap so its Cz point is directly over the midpoint location you determined anatomically. Then adjust the front, back, and sides without moving Cz away from that point.
5. Check symmetry. Fp1 and Fp2 should be symmetrically positioned on the forehead; F3/F4, C3/C4, P3/P4, and O1/O2 should form corresponding left/right pairs. Make sure the cap isn't rotated clockwise or counterclockwise.
6. Check the front-to-back position. A common mistake is placing the cap too far forward or backward. If Cz is correctly positioned from your measurements, this is much less likely.
7. Secure the cap. If your cap has a chin strap, chest strap, or other retention system, tighten it enough to prevent electrode movement but not enough to cause substantial discomfort.
8. Then check electrode impedance/contact quality.

With the Cyton switched off:
1. Inspect the skin for irritation or injury.
2. Part the hair at F3 until the electrode contacts scalp rather than hair.
3. Clean the locations by applying a cotton swab moistened with isopropyl alcohol to the skin with light abrasion of the skin with the swab.
4. Use a pen to mark the location of F3
5. Apply enough Ten20 paste to barely over-fill the concave cup to ensure that rim of electrode is covered in paste and not free so that the metal rim is touching the skin
6. Secure the active electrode at F3 with medical tape.
7. Attach the reference electrode to the right earlobe, A2.
8. Attach the BIAS electrode to the left earlobe, A1.
9. Route the wires so head movement does not pull on the electrodes.
10. Keep the F3 wire away from power adapters and bundled electrical cables.

To carry out neurofeedback:
1. Seat the participant comfortably.
2. Sit slightly away from the computer.
3. Ask them to keep eyes open and look at a neutral fixed point.
4. Minimize speech, jaw tension, eyebrow movement, and body movement.
5. Use the same posture, room, electrode placement, filter, FFT settings, Frequency Band settings, and 1-second Statistics settings.

Start Cartoon Town
1. Open the Visualizations menu in neuromore Studio.
2. Select Cartoon Town.
3. Choose the resolution and graphics quality.
4. Click Play.
5. A blank screen or neuromore logo may appear—this is normal before a session begins.
6. Return to neuromore Studio.
7. Ensure your classifier is open.
8. Open the Session Control window if it is not already visible.
9. Click Go or Start Session.
10. Return to the Cartoon Town window.

The car should now respond to the Movement Speed value.
The other built-in choices are:
· Infinite Tunnel: movement speed and visual color/effects
· Forest Walk: movement speed, sunlight, fog, and clouds
· Tropical Island: environmental effects including wind
Cartoon Town is the easiest first test because its speed response makes it obvious whether the final classifier output is working. We can add an optional state machine afterward for instructions, preparation time, a fixed training duration, and automatic session termination, but that state machine will not itself launch the game.



For a personal neurofeedback experiment, you can start with an estimated threshold and adjust it based on the feedback rate.
· You are choosing an initial operational threshold and then calibrating it so the feedback occurs at an appropriate frequency. You choose an initial threshold, run quietly for 2–5 minutes without deliberately trying to influence the feedback, and observe what percentage of time the condition is satisfied.
· Then adjust the threshold until the reward rate is roughly where you want it. A reasonable starting target is around 50% success during the initial resting/calibration period. You could subsequently make the task easier or harder—for example, targeting approximately 60–70% initial success for an easier protocol or 30–40% for a more demanding one.
· Record the thresholds decided upon and complete the classifier.

A brief near-railed event during a large blink, electrode touch, or sudden movement may occur, but that interval must be marked or excluded from baseline and training analysis. Persistent or recurring warnings during quiet sitting mean the setup is not ready. You may have to use the FTDI fix for Windows.

Common problems
· Flat or zero signal
· Wrong channel selected in neuromore
· F3 plugged into the wrong row or channel
· Channel powered down
· Cyton not connected
· Another application owns the serial port
· Railed or clipped signal
· Poor reference contact
· Poor BIAS contact
· Dry or displaced F3 electrode
· Reference plugged into the wrong SRB pin
· SRB2 not enabled for channel 1
· Heavy 60 Hz noise
· Poor reference or BIAS contact
· Nearby charger, monitor, lamp, or power cable
· Long loose electrode wires
· Participant touching a grounded metal object
· Cyton being externally powered instead of operated from batteries
· Feedback responds to jaw or forehead tension
· High-beta EMG contamination
· F3 electrode poorly secured
· Reward threshold too easy
· No artifact gate
· Participant watching the feedback too intensely and tensing facial muscles
· Reward almost never occurs
· Thresholds calibrated independently but too strictly in combination
· Inhibit range is too broad for the participant
· Noisy low-frequency signal from movement or sweating
· Reward threshold based on contaminated or incompatible baseline data
· Feedback is almost continuous
· Reward threshold too low
· Inhibit threshold too high
· Reward band dominated by muscle artifact
· Comparator direction reversed
· AND logic accidentally configured as OR

Quick fault-isolation checklist. Use this sequence:
1. Railed warning !!!
2. Stop baseline/feedback
3. Only F3 affected?
a. Yes → repair F3 contact/cable
b. No  → repair SRB2 reference and BIAS contacts
4. Confirm channel-1 hardware settings
5. Power down unused channels
6. Check battery and nearby electrical noise
7. Use Cyton Signal Widget if necessary
8. Exit impedance mode and restore settings
9. Restart and verify clean raw EEG
10. Repeat baseline if any acquisition setting changed

clean gold cup electrodes
1. remove as much paste as possible with a tissue or soft cloth. Do not let the paste dry in the cups
2. place the electrode in half a cup of warm (not hot) distilled or deionized water for 5-10 minutes. Avoid submerging the wire junction or cables for too long to prevent water damage or weakening the solder.
3. Use a soft-bristled toothbrush or cotton swab to clean the inside of the gold cup. Never use metal tools or fingernails, which scratch the gold surface.
4. Rinse the cups thoroughly with clean lukewarm water and let them air dry completely before storing.

clean ear clip electrodes
· for the ear clip electrodes, gently clean with distilled water using cotton swab and let them dry completely. Treat the coating gently. Keep the cable’s connector end dry. Store in dark, dry place.




Building the classifier
Connect the Cyton in neuromore Studio
1. Start neuromore Studio 1.7.3.
2. Open:
3. Windows: NMStudio → Settings → Devices
Enable OpenBCI devices.
4. Confirm that the Cyton serial port appears.
5. Tools -> Information -> Serial Ports
6. Close any application that may still be holding the port.
7. In the Back-End File System pane, create a personal project folder.
8. Right-click that folder and create a new classifier.
9. Open the classifier editor/toolbox.
10. Under Sensors, add the dedicated Cyton node. In 1.7.3, use the Cyton-specific node instead of the generic OpenBCI node.
11. Select channel 1/F3 from the node’s EEG output.

If neuromore cannot connect:
1. Reinsert the dongle.
2. Restart the Cyton.
3. Confirm that the correct serial port exists.
4. Close the OpenBCI GUI and other serial-port software.
5. On Windows, verify the dongle driver and set the serial-port latency timer to 1 ms if that option is available.
6. Restart neuromore after changing the device settings.

Build the signal-processing front end

Add an IIR/FIR Filter node between the Cyton and FFT.
Suggested acquisition filter:
1. Method: Butterworth
2. Type: band-pass
3. Low cutoff: 1 Hz
4. High cutoff: 40 Hz
5. Filter order: moderate, such as 4, if the node requires a choice

If electrical interference is visible, add a notch/band-stop filter at:
· 60 Hz in the United States and Canada
· 50 Hz in many other countries

A 40–45 Hz low-pass already attenuates much of this interference, but it is still best to reduce noise physically rather than rely entirely on filtering. Do not set the input band-pass to 19–22 Hz. You need the broader signal to calculate both the reward and inhibit bands and to inspect artifacts.
Important details:
· Do not configure the IIR/FIR node as a 19–22 Hz filter. Extract both training bands from the FFT using separate Frequency Band nodes.
· If order 4 causes instability, ringing, or unexpectedly long feedback delay, use order 2.
· Avoid Chebyshev for this purpose because its ripple can distort amplitude comparisons near your thresholds.
· Bessel has better time-domain behavior but weaker frequency separation; it is usually not the first choice for band-amplitude neurofeedback.
· If you need 60 Hz suppression, the 40 Hz low-pass already provides considerable attenuation. Add a separate 60 Hz notch only if line noise remains evident.
· Keep the exact same filtering, FFT window, and smoothing settings during baseline calibration and training, because changing them changes the measured amplitudes and invalidates the thresholds.

If neuromore’s node expresses “order” separately for each edge, start with its displayed default or order 2; some implementations produce an effective fourth-order band-pass from a second-order high-pass plus second-order low-pass. Avoid selecting a displayed order higher than 4 initially.

FFT
1. Add a Fast Fourier Transformation (FFT) node.
2. Connect the filtered F3 signal to it.
3. If FFT parameters are exposed, start with:
4. FFT Order: 9
5. Window function: Hann
6. Window Shift: 64
7. Zero Padding: disabled
8. Connect the FFT spectrum temporarily to a View node.
9. Add Windows → Add → Spectrum View if the spectrum panel is not visible.

Construct the reward branch
Add a Frequency Band node and connect it to the FFT output.
Configure it as:
· Lower frequency: 19 Hz
· Upper frequency: 22 Hz
· Value: Average Amplitude
Then add a Statistics node:
· Interval Type: Duration of Time
· Length: 1.0 seconds
· Statistic: Mean
· Epoching: Off
· Zero Padding: Off
Name this signal conceptually RewardAmplitude.

Construct the inhibit branch
Add a second Frequency Band node connected to the same FFT output.
Configure it as:
· Lower frequency: 2 Hz
· Upper frequency: 12 Hz
· Value: Average Amplitude
Add a separate Statistics node:
· Interval Type: Duration of Time
· Length: 1.0 seconds
· Statistic: Mean
· Epoching: Off
· Zero Padding: Off
Name this signal conceptually InhibitAmplitude.

Add two Compare nodes:
Reward Compare node
1. Connect the output of RewardAmplitude (Statistics) to the “x” input of Compare node
2. Configure Compare node as (RewardAmplitude > RewardThreshold):
3. Node Name: Compare
4. Function: Greater than (x>y)
5. Second Value: 0.0
6. True Return Mode: Return True Value
7. Result when true: 1.0
8. False Return Mode: Return False Value
9. Result when False: 0.0
10. The result should be 1 when 19–22 Hz is above threshold and 0 otherwise.

Inhibit Compare node
1. Connect the output of InhibitAmplitude (Statistics) to the “x” input of a Compare node
2. Configure Compare node as (InhibitAmplitude < InhibitThreshold):
3. Node Name: Compare
4. Function: Less than (x<y)
5. Second Value: 0.0
6. True Return Mode: Return True Value
7. Result when true: 1.0
8. False Return Mode: Return False Value
9. Result when False: 0.0
The result should be 1 when 2–12 Hz remains below threshold.

Add threshold logic
Add two Parameter nodes:
· RewardThreshold
· InhibitThreshold
Connect the output of RewardThreshold (Parameter) to Compare node y input
Configure Parameter node as:
· Node Name: Parameter RewardThreshold
· Description: none
· Value: 
· Sample Rate: 0.0
· Number of Channels: 1
· Show Controls: on
· Show Inputs: off
· Control Type: Value Slider
· Range Min:
· Range Max: 

Connect the output of InhibitThreshold (Parameter) to Compare node y input
Configure Parameter node as:
•	Node Name: Parameter InhibitThreshold
•	Description: none
•	Value: 
•	Sample Rate: 0.0
•	Number of Channels: 1
•	Show Controls: on
•	Show Inputs: off
•	Control Type: Value Slider
•	Range Min: 
•	Range Max:

Add Logic node (AND)
Connect the output of Compare node (Reward) to x input of the Logic node (AND)
Connect the output of Compare node (Inhibit) to y input of the Logic node (AND)
The combined output is 1 only when both requirements are satisfied.
Configure AND node as:
•	Node Name: Logic RewardGate AND InhibitGate
•	Logic Function: AND
•	Second Value: 
•	Float Result when True: 
•	Float Result when False:

Add Speed Control node (feedback)
Connect Logic RewardGate AND InhibitGate output to input of Speed Control
Configure the feedback as:
•	Node Name: Speed Control
•	Resolution: Original
•	Upload: off (while testing)
•	Output Name: Node Name

What these settings mean:
Node Name is the label displayed in the classifier and reports. It does not determine the game’s OSC address; the specialized Speed Control node already has the correct game-control mapping.

Resolution determines the smallest output-value change retained or reported. 0.01 supports a 0–1 signal with 101 possible levels. Your current binary output only produces 0 and 1, so this setting will not alter its behavior. Upload controls whether this output is uploaded with session data. Leave it off while testing locally. Turn it on later if you want the speed-control value included in cloud session reports. Output Name → Node Name tells neuromore to identify the recorded output as Speed Control. The alternative channel-name option is more useful when one node carries multiple named channels.

The signal-processing and decision portion is complete, but the classifier is not ready for an actual session until you have connected a feedback output, verified the signal, and calibrated both thresholds from artifact-free baseline data. An artifact-rejection gate is also strongly recommended because 19–22 Hz at F3 can be contaminated by forehead or jaw-muscle activity.

Studio 1.7.x includes dedicated feedback nodes for properties such as volume, brightness, speed, and weather. Custom Feedback can also expose a named classifier variable. For gentler feedback, add smoothing or a Remap node after the AND output. Avoid excessive smoothing: if the feedback trails the EEG by several seconds, the participant cannot easily associate it with their current state.

Configure the classifier for Cartoon Town
1. Open your completed classifier.
2. In the Output section, add the Movement Speed feedback node.
3. Connect the output of your AND node to Movement Speed:
4. Set the Movement Speed node’s input range to:
· Minimum: 0
· Maximum: 1
5. If there is a clamp option, enable it.
With the current binary classifier:
· Both conditions satisfied → output 1 → car moves quickly.
· Either condition fails → output 0 → car stops or moves at minimum speed.
For smoother feedback later, we can replace the abrupt 0/1 response with gradual speed changes, but binary feedback is best for verifying the classifier initially.

Add signal and artifact monitoring:
At minimum, create views for:
· Raw filtered F3 waveform
· FFT spectrum
· Reward amplitude
· Inhibit amplitude
· Reward comparator output
· Inhibit comparator output
· Final combined feedback

Frontal high-beta activity is easily contaminated by muscle. Perform these tests before training:
1. Relax completely and note the 19–22 Hz level.
2. Clench the jaw gently—the high-frequency spectrum will usually increase substantially.
3. Raise the eyebrows or wrinkle the forehead.
4. Blink several times.
5. Look left and right without moving the head.
6. Let the electrode wire move slightly.
If “success” becomes easier during facial or jaw tension, the classifier is rewarding EMG rather than reliable frontal EEG.

A useful enhancement is an artifact gate based on a higher-frequency band such as approximately 30–45 Hz or a raw-amplitude limit. If that artifact measure exceeds its baseline-derived threshold, force feedback to zero. This does not replace visual observation, but it reduces obvious muscle reinforcement.




FOR VERY ACCURATE STARTING THRESHOLD DETERMINATION
Baseline procedure
1. Seat the participant comfortably.
2. Ask them to keep eyes open and look at a neutral fixed point.
3. Minimize speech, jaw tension, eyebrow movement, and body movement.
4. Record at least 5 minutes of raw F3 EEG waveform, expressed in uV versus time.
5. Mark or exclude periods containing:
· Blinks and eye movements
· Swallowing
· Jaw clenching
· Facial tension
· Electrode movement
· Railed or clipped data
6. Observe the distributions of:
· RewardAmplitude
· InhibitAmplitude
Those values form two distributions. You then select thresholds from those distributions. Determine where each sample falls within the baseline distribution and select a percentile. A practical initial target is to make feedback available approximately 50–70% of artifact-free baseline time. That is a calibration target, not a therapeutic prescription.
Possible starting thresholds:
· Reward threshold: around the 40th–50th percentile of clean 19–22 Hz baseline amplitude
· Inhibit threshold: around the 60th–70th percentile of clean 2–12 Hz baseline amplitude
This makes the two conditions attainable without making feedback nearly continuous. Adjust based on the combined reward rate rather than forcing either band independently.

Common problems
Flat or zero signal
· Wrong channel selected in neuromore
· F3 plugged into the wrong row or channel
· Channel powered down
· Cyton not connected
· Another application owns the serial port
Railed or clipped signal
· Poor reference contact
· Poor BIAS contact
· Dry or displaced F3 electrode
· Reference plugged into the wrong SRB pin
· SRB2 not enabled for channel 1
Heavy 60 Hz noise
· Poor reference or BIAS contact
· Nearby charger, monitor, lamp, or power cable
· Long loose electrode wires
· Participant touching a grounded metal object
· Cyton being externally powered instead of operated from batteries
Feedback responds to jaw or forehead tension
· High-beta EMG contamination
· F3 electrode poorly secured
· Reward threshold too easy
· No artifact gate
· Participant watching the feedback too intensely and tensing facial muscles
Reward almost never occurs
· Thresholds calibrated independently but too strictly in combination
· Inhibit range is too broad for the participant
· Noisy low-frequency signal from movement or sweating
· Reward threshold based on contaminated or incompatible baseline data
Feedback is almost continuous
· Reward threshold too low
· Inhibit threshold too high
· Reward band dominated by muscle artifact
· Comparator direction reversed
· AND logic accidentally configured as OR
Finally, note that OpenBCI’s recommended SRB2 hardware arrangement may result in inverted waveform polarity when raw data is opened in other software. Spectral amplitude and band power are not changed by multiplying the waveform by −1, so this does not affect the reward/inhibit amplitude logic described here.

Save the relevant data as a CSV file.

clean gold cup electrodes
1. remove as much paste as possible with a tissue or soft cloth. Do not let the paste dry in the cups
2. place the electrode in half a cup of warm (not hot) distilled or deionized water for 5-10 minutes. Avoid submerging the wire junction or cables for too long to prevent water damage or weakening the solder.
3. Use a soft-bristled toothbrush or cotton swab to clean the inside of the gold cup. Never use metal tools or fingernails, which scratch the gold surface.
4. Rinse the cups thoroughly with clean lukewarm water and let them air dry completely before storing.

Turning the baseline into thresholds
1. Sort all clean RewardAmplitude measurements from lowest to highest. If you choose the 50th percentile, half of clean baseline observations are below the threshold and half are above it. For the reward condition, RewardAmplitude > RewardThreshold. So, a 50th-percentile reward threshold would, considered by itself, pass approximately 50% of baseline observations.
2. Do the same for InhibitAmplitude. Since InhibitAmplitude < InhibitThreshold, a 70th percentile inhibit threshold means approximately 70% of clean baseline inhibit observations would be below that threshold and therefore pass that condition individually.
Don't expect the percentiles to equal the final reward percentage. This is an important distinction. Suppose: Reward threshold = 50th percentile. Inhibit threshold = 70th percentile. That does not mean the game will run 60% of the time.

Excel can calculate these very easily
If your clean reward measurements are in cells B2:B1000, you could use:
=PERCENTILE.INC(B2:B1000,0.4)
=PERCENTILE.INC(B2:B1000,0.5)
For the inhibit measurements in C2:C1000:
=PERCENTILE.INC(C2:C1000,0.6)
=PERCENTILE.INC(C2:C1000,0.7)
That gives you P40, P50, P60 and P70 directly.

I prefer this over trying to calculate only one percentile inside neuromore because you'll be able to inspect the entire recording and experiment with candidate thresholds without recollecting your baseline.

Your classifier requires:
(RewardAmplitude > RewardThreshold)
                 AND
(InhibitAmplitude < InhibitThreshold)

Both conditions must occur simultaneously. The two EEG measures are also not necessarily statistically independent. Therefore, after choosing provisional thresholds, run the baseline EEG through the complete comparator + AND logic and measure how often the final AND output equals 1. That's the number you actually care about for calibrating the classifier.

Example: Imagine that after artifact rejection you obtained these percentile values:
Measurement		40th	50th	60th	70th
19–22 Hz amplitude	2.1	2.4	2.7	3.1
2–12 Hz amplitude	6.8	7.4	8.1	8.9
These numbers are purely illustrative.
You might initially enter:
RewardThreshold = 2.4
InhibitThreshold = 8.9
Then your classifier becomes:
19–22 Hz amplitude > 2.4 ────────┐
                                    AND → Speed Control
2–12 Hz amplitude < 8.9 ─────────┘

You would then examine the baseline again and calculate how often that AND condition actually succeeds. The next practical issue is how to get the baseline values out of neuromore 1.7.3 and calculate the 40th/50th/60th/70th percentiles. The 50–70% figure and the 40th–50th / 60th–70th percentiles describe two related but different quantities. It helps to separate them.

What does “50–70% feedback” mean?
For your classifier, the Speed Control receives 1 only when both conditions are true:
19–22 Hz > RewardThreshold
AND
2–12 Hz < InhibitThreshold

So, if you have 60% feedback availability, it means that during 60% of the evaluated artifact-free time, both conditions were simultaneously satisfied. The purpose of selecting a moderate initial reinforcement rate is essentially operant-conditioning practicality: if feedback is almost never obtained, the contingency can be difficult to learn; if feedback is almost continuously available, it provides little discrimination between EEG states. There isn't one universally established correct percentage. Published neurofeedback protocols vary considerably. For example, one controlled protocol calibrated feedback to approximately 65% positive / 35% negative, while other work has targeted roughly 60–80% reward rates. The CRED-nf consensus recommendations therefore emphasize that researchers should report and justify their reinforcement schedule rather than implying that one percentage is universally correct. So, my earlier 50–70% recommendation should be understood as a technical starting region for testing the classifier, not as an evidence-based prescription for your particular F3 19–22/2–12 Hz protocol.

What does “50th percentile reward threshold” mean?
Suppose you collect five minutes of clean baseline data and your 19–22 Hz Statistics node generates many observations. Imagine, just for illustration, that the sorted values look like:
low                                    	          high
1.2  1.3  1.4 ... 2.1  2.2 ... 3.1  3.4  4.0
                         ↑
                50th percentile

If 2.1 were the 50th percentile, approximately half of your baseline observations would be above 2.1 and half below it.

Your reward Comparator is:
RewardAmplitude > RewardThreshold
Setting:
RewardThreshold = 2.1
would therefore make the reward condition alone true approximately 50% of baseline time. This percentile-based approach isn't unique to neuromore; baseline percentiles have been used to establish thresholds in published EEG neurofeedback work.

Why is the inhibit percentile higher?
Your inhibit comparator runs in the opposite direction:
InhibitAmplitude < InhibitThreshold

Suppose the 2–12 Hz baseline distribution is:
low                                     high
4.1  4.4  4.8 ... 6.3 ... 7.5 ... 9.2  10.1
                                   ↑
                        70th percentile

If the 70th percentile is 7.5, then approximately 70% of baseline observations are below 7.5.
Consequently:
InhibitThreshold = 7.5
makes:
InhibitAmplitude < 7.5
true approximately 70% of baseline time.
That's why the numerical percentile directions look backwards at first:
Condition	      Example percentile	Approx. individual pass rate
Reward > threshold   50th			50%
Inhibit < threshold     70th			70%

The AND changes everything
Here's the especially important part.
You cannot conclude:
Reward passes 50% + inhibit passes 70% = 60% final feedback.
That's incorrect.
Both must happen simultaneously:
Reward passes ──┐
                 AND → Speed Control
     Inhibit passes ─┘
For a simple illustration, if they were statistically independent—which EEG bands generally should not simply be assumed to be—the joint probability would be:
0.50 * 0.70 = 0.35 or only 35%.

Your actual joint rate has to be measured from the baseline because 19–22 Hz and 2–12 Hz amplitudes can covary.
This is why I would now refine the earlier procedure: don't choose the two percentiles independently and assume they will produce 50–70% game movement.

A better calibration workflow for your classifier:
For a technical calibration, collect several minutes of clean baseline with exactly the same F3 montage, posture, filter, FFT and Statistics settings you intend to use for training. Exclude obvious movement/EMG/ocular artifacts.
Then calculate candidate thresholds from the clean baseline. Put those numbers into your two Parameter nodes and run the same baseline data through:
RewardAmplitude > RewardThreshold ───┐
                                            AND → final pass/fail
         InhibitAmplitude < InhibitThreshold ─┘
Now calculate:
{Joint pass rate} = {artifact-free evaluations where AND=1}} {{all artifact-free evaluations}} times 100]
That's your actual baseline reinforcement availability.
Published protocols illustrate why measuring the actual reinforcement rate matters. One protocol explicitly set reward and inhibit thresholds to particular percentages and delivered game/tone feedback only when the reward was above threshold and both inhibits were below their thresholds. Another adjusted its threshold when actual reinforcement became disproportionately high or low.

The remaining practical question is how neuromore Studio 1.7.3 actually exposes or records those Statistics-node values. Once we know that, we can take your five-minute baseline and turn it into concrete numbers such as:
RewardThreshold =  ______
InhibitThreshold = ______
and then determine the resulting AND/Speed-Control pass percentage.
Your baseline classifier should look like this:
                           ┌─→ Frequency Band: 19–22 Hz
                           │      Value = Average Amplitude
Cyton CH1/F3    │              ↓
     ↓                     │         Statistics
IIR/FIR Butterworth        │         Mean, 1.0 sec
Band-pass 1–40 Hz          │              ↓
Order 4                │        RewardAmplitude
     ↓                     │
FFT ───────────────────────┤
Hann                                │
Order 9                             │
Window Shift 0.25 s        │
Zero Padding OFF           │
                           │
                           └─→ Frequency Band: 2–12 Hz
                                  Value = Average Amplitude
                                           ↓
                                      Statistics
                                      Mean, 1.0 sec
                                           ↓
                                     InhibitAmplitude

the two signals we ultimately want for threshold calibration are:
RewardAmplitude
      =
output of the 19–22 Hz Statistics node

InhibitAmplitude
      =
output of the 2–12 Hz Statistics node

Those are the values from which we calculate the percentiles.
After removing artifact-contaminated periods, we'd calculate percentiles from your actual two columns.
If neuromore requires an output node for a classifier value to be recorded/exported, branch the Statistics outputs to appropriate output nodes.
Conceptually:
19–22 Hz
Frequency Band
     ↓
Statistics ─────────→ baseline output
     ↓
RewardAmplitude


2–12 Hz
Frequency Band
     ↓
Statistics ─────────→ baseline output
     ↓
InhibitAmplitude
Give the outputs unmistakable names such as:
RewardAmplitude_19_22
InhibitAmplitude_2_12
Don't connect these through the Comparator first. We need the continuous numerical amplitudes, not a stream of 0 and 1.
Also retain a way to inspect the EEG
I'd additionally monitor the signal before the FFT:
Cyton F3
   ↓
Butterworth 1–40 Hz ─────→ waveform monitoring
   ↓
FFT
This isn't what establishes the thresholds. It's there to help identify contaminated sections.
That's particularly important at F3 because eyebrow/forehead activity, eye movement and jaw activity can affect the signals you're trying to measure.
So think of the baseline classifier as having three things you care about:
                    ┌────→ filtered F3
                    │      [artifact inspection]
F3 → Filter → FFT ──┤
                    │
                    ├────→ 19–22 Hz → Statistics
                    │                  ↓
                    │             RewardAmplitude
                    │
                    └────→ 2–12 Hz → Statistics
                                       ↓
                                  InhibitAmplitude

So the workflow is:
Baseline classifier
EEG → Filter → FFT → Frequency Bands → Statistics → record continuous values
Then calculate thresholds
clean RewardAmplitude distribution → reward threshold
clean InhibitAmplitude distribution → inhibit threshold
Training classifier
same signal processing → Statistics → Comparators + thresholds → AND → Speed Control

Run a first test session
For an initial technical test:
1. Recheck all electrode contacts and wire routing.
2. Confirm that F3 is not railed or clipping.
3. Collect a fresh baseline in the exact posture used for training.
4. Set the reward and inhibit thresholds.
5. Start with 2–5 minutes of feedback.
6. Observe the participant continuously.
7. Record:
· Percentage of time rewarded
· Reward and inhibit amplitudes
· Artifacts
· Threshold changes
· Participant’s state before and after
8. Stop immediately if adverse symptoms occur.
9. Do not change frequency bands, electrode location, reference, session length, and thresholds simultaneously. Otherwise, you cannot tell what produced a change.

Once the system has been technically validated and the protocol has professional oversight, duration can be increased cautiously. The optimal duration and schedule cannot be inferred from the requested frequency ranges alone.
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