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[bookmark: _Toc192498428]3WAVES Hardware Case
Each serialized 3WAVES hardware unit is supplied in a matching serialized hardshell case. Package contents include: 
1. 3WAVES enclosure for mounting on appropriate HMD band
2. 2x presser arms (Left and Right)
3. 10 ft USB cable
4. Thumb Drive
5. Toolkit
Before beginning setup, ensure that all components are present. Luna Labs will guide end users through initial installation onto appropriate headbands, and instructions will be standardized for ease of use. 
[bookmark: _Toc192498429]Electrode Package
Each electrode package includes 2x 1” diameter mastoid electrodes and 2x 2” square electrodes. Caution: utilizing alternate electrodes not designed for 3WAVES may result in undesired performance, electrical shock, and damage to the system.  
[bookmark: _Toc192498430]System Overview
3WAVeS is a unique system that generates sensations of motion to a stationary user. This is accomplished via application of small, controlled electrical currents into the semicircular canals of the inner ear. 
Signals driving 3WAVeS operation are determined via a selection menu in the user interface. Selectable sources include: UDP, COM port, gamepad/joystick, pre-recorded text file.
Up to four electrodes are worn around the periphery of the head, and are connected to the hardware unit. The hardware unit is connected via USB to the PC on which the 3WAVeS software is running. The same PC may also be running a simulation environment such as XPlane which feeds data into the 3WAVeS software.
[bookmark: _Toc192498431]Getting Started with 3WAVeS
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	Feature
	Specification
	Normal Operation

	Output Voltage
	±15V
	

	Output Current
	±2.5mA (at ˂6kΩ impedance)
	±(0.7 – 1.2) mA

	Replaceable Fuses
	5mA Fast blow, ~250Ω impedance
	Littelfuse 0273.005V
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The 3WAVES software can be installed from either a secure link or the included thumb drive. Web installation is suggested, as software updates can be automatically performed if desired. Software updates with thumb drive installation will need to be supported by Luna Labs personnel. 
The link for software installation can be found at: https://luna-labs-us.github.io/3WAVeS-Installer/ The software is designed to run on a PC, which may concurrently be running a simulation environment and/or VR software. The ability to perform automatic 3WAVeS software updates may be enabled by Luna Labs personnel.
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[bookmark: _Toc192498435]USB Connection
The included USB cable can be connected to any USB port on the PC running the software. Note that detaching the USB cable will immediately stop any stimulation from occurring, as the device is powered via the USB connection.
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Each electrode lead uses its own 5mA fuse to protect the user from potential overcurrent. While these should not be damaged during normal operation, rough handling may damage or destroy the fuses. These can be replaced by opening the case, finding and removing the faulty fuse, and replacing it with a new fuse. Note that the device will not function correctly with a fuse not in place.
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[bookmark: _Toc192498438]User Preparation
See 3WAVES User Prep Guide document for guidance in setting up each 3WAVES user.
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[bookmark: _Toc192498440]Hardware Connection
1. Plug the hardware box into an available PC USB port.
2. The software will automatically connect to the hardware. If the software does not find the device, try unplugging and plugging back in or clicking the “Refresh Connections” icon within the Stimulation Hardware box.
3. Once connected, a green box will encircle the entire GUI, the hardware elements will turn green, and the “START Stimulation” button will also turn green. 
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4. Setting Data Inputs
a. The available input avenues are shown in the tab group in the upper left under Input Settings. To adjust input types available:
i. Click the “Settings” Icon in Input Settings
ii. In the settings window, select the “Input Formatting” drop down from the menu strip
iii. Under the “Source Options” drop down, select whatever which input sources you want to be available.
b. The available input sources selection can be saved to the profile by clicking the “Save Input Profile” icon.

5. Microsoft Flight Sim Operation
a. Launch MSFS 
b. If you have not installed the MSFS SDK, instructions can be found here: https://forums.flightsimulator.com/t/how-to-getting-started-with-the-sdk-dev-mode/123241
c. Once MSFS is loaded and running, you will see the status update in the GUI.
d. You can enable / disable MSFS as an input source from the checkbox at any point while it is connected.
6. COM Port Operation
a. Select the desired COM port and Baud Rate using the drop-down boxes.
b. Further COM port adjustments can be made by clicking the settings icon in the upper right of the COM tab page.
c. Click the settings icon in the bottom right of the Input Settings box to further define the input data.
7. UDP Port Operation
a. For Aechelon-based simulators
i. Ensure your simulator has the updated Aechelon API
ii. Select “Aechelon” in the input profile
iii. Select “Open Socket”
b. For Xplane
i. Set up Xplane
1. In Xplane go to Settings -> Data Output -> General Data Output.
2. Check the box for “Angular velocities” in the “Network via UDP” column (line 16).
3. Make sure the UDP rate is less than 50 packets/sec (if your computer is slow, you can decrease up to 10 packets/sec).
4. Select “Send network data output”
5. IP Address: 127.0.0.1
6. Port: 49003
ii. Set up GUI
1. Ensure that the Listening port is 49003
2. Click “Open Socket” to begin connection.
3. If the UDP port input speed is too high for the computer, you will have to click the “Close Socket” button before closing the GUI.
8. Textfile Operation
a. Click the “New Textfile” icon or select a textfile from the existing list in the drop-down box.
b. Click “Load” to load the textfile data to the GUI to be used.
c. If the Timing Interval data is not populated by the textfile, manually put in the interval in milliseconds between each entry on the textfile.
d. Be sure to release the textfile data from memory when done running the input.
9. Joystick Operation
a. Plug in joystick or game controller to available PC USB port.
b. A joystick icon will appear in the upper right of the Input Settings box.
c. To set up a joystick or game controller for the first time:
i. Open the settings page (gear icon bottom right of Input Settings box”
ii. If the controller is plugged in, select the “Controller Channels” drop down menu.
iii. Select which axis corresponds with which input.
iv. Make sure to save the controller profile.
d. To enable / disable the controller as input, click on the controller icon in the upper right of the Input Settings box to toggle.
e. The controller can also be enabled as a quick key for features. This can be set up via “Controller Hot Keys”.
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10. Stimulation Peak
a. Each trackbar represents the peak amount of current that will be applied across each orientation.
b. The trackbars can be adjusted manually or by using the plus and minus buttons.
c. Profiles can be selected, saved or deleted using the drop-down box, “Save” or “Delete” buttons.
11. Channel Sensitivity
a. Each trackbar represents the onset the sensation for each orientation. 
b. Sensitivity paradigms can be selected from the Settings page -> Settings drop down -> Sensitivity Model Types.
c. The model will be shown in the graph in the settings page.
d. These values are saved with the “User Profiles”.
12. Channel Smoothing
a. Channel smoothing uses the same trackbars as Channel Sensitivity, use the radio buttons to select which you would like to manipulate.
b. Smoothing applies to a rolling average when stimulating. The number selected specifies how many previous stimulations are considered when creating the average to apply.
13. General Settings
a. You can return to the user set defaults at any time by:
i. Clicking the reset icon.
ii. Double clicking on the value amount.
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14. Manual Trackbars
a. These trackbars can be adjusted manually or by clicking the “left” or “right” buttons to apply input values directly. 
b. They will also show the values of any input data.
15. Start / Stop Buttons
a. The top “Input” button will run whatever inputs are selected and will update the graphics accordingly. 
b. The “Stimulation” button will only be enabled if hardware is connected and ready. When stimulation is being applied through the hardware to the user, this button and the border of the GUI will be red. If stimulation is not being applied but the system is ready, the color will be green.

16. Data Log
a. If the “Log data to textfile” checkbox is selected, information from the GUI will be saved to a textfile in the PC downloads. This textfile can be loaded into the GUI again to run the same scenario.
b. Clicking the “New Textfile” icon will start a new textfile to separate between testing scenarios.
c. You can adjust what data is saved from the settings page (settings icon in lower right of Input Settings box).
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While observing the electrical pathway of a desired stimulation as shown in the bottom right corner of the GUI, use a multimeter (set to mA) to monitor the electrical output between the pairs of electrodes. Proper output should be within ±10% of current output displayed on the GUI.
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The default current output is at 0.7mA per channel. It is recommended to start at this level, and normal operation is conducted up to 1.2 mA. Higher values than this may cause unpleasant dermal sensation at the stimulation sites.
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If the hardware ceases to respond appropriately to software commands, immediately press STOP on the software interface, and if the issue continues, physically disconnect the USB cable from the PC. This will cause any stimulation to immediately cease. If excess current is suspected to have occurred, check continuity on the replaceable fuses with a multimeter. Impedance should be between 250 and 400 Ω.
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	Problem
	Solution

	No current output at any electrode port
	-Ensure hardware is communicating with GUI
- Check fuse continuity (250-400 Ω)

	Current output only at some ports
	-Check fuse continuity (250-400 Ω)

	Current output is not at expected magnitude
	-Confirm desired stimulation settings within GUI
-(If using UDP) ensure data stream is correctly ordered

	Excessive stimulation sensation
	-Ensure good contact and electrode pressure; reduce hair under electrode as much as possible.
-Increase amount of lidocaine used in site preparation
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