Protocol Overview
System Apparatus Design
[bookmark: _Hlk113639734][bookmark: _Hlk113639791]A Bertec side-by-side split-belt instrumented treadmill (Model ITC-11-20L-4, Bertec Corp., Columbus, OH, USA) has independent control of the movements of the two treadmill belts. Each belt is equipped with one force plate capturing GRF data from the walker’s foot contacts. The force data are sampled at 1000Hz, time-synchronized with the VICON (Oxford Metrics, Oxfordshire, UK) motion data and streamed by the Software Development Kit (SDK) to MATLAB (MathWorks Inc., Natick, MA, USA) on a personal computer. The MATLAB program serves as the control interface to communicate between the VICON Datastream SDK and the treadmill controller. Concisely, the MATLAB program reads the vertical GRF (vGRF) from Datastream SDK, and when the pre-determined conditions are met it executes the pre-programmed perturbations via the treadmill controller. The treadmill controller receives remote control commands from MATLAB via the Transmission Control Protocol/Internet Protocol port, through which the program delivers the prescribed tripping perturbation by accelerating/decelerating the treadmill motors (Figure 1 and 2B).
Perturbation Design
[bookmark: _Hlk23241980]The treadmill-based tripping perturbation protocol begins with establishing participants’ comfortable walking speeds (CWS). During a perturbation a designated treadmill belt, either left or right, decelerates for 50ms, followed by 270ms of acceleration, and then decelerates again for 220ms to return to the CWS (Figure 2B). This profile is designed to simulate the sudden blockage of a foot followed by the momentary forward thrust of the body center of mass. Two acceleration levels are used to simulate tripping perturbations of two levels of magnitude (small vs. large) (Sessoms et al., 2014). The acceleration magnitude utilized in the protocol is linearly scaled by the CWS. For a CWS at 1 m/s, the acceleration is either ± 6 m/s2 (small tripping perturbation) or ± 12 m/s2 (large tripping perturbation). This allows the delivery of more realistic magnitudes of perturbation for individuals with slower walking speeds. The magnitude of perturbation may be adjusted to the researcher’s needs.
The automatic triggering criteria are based on the vGRF profile with the intention to deliver the perturbation precisely during early stance phase of the tripped limb. It ensures that the tripped limb went through the full course of the velocity changes of the treadmill belt. The perturbation is triggered when the following conditions are jointly met: First, the vGRF of the tripped side has to be between 20-25% of the person's body weight. Second, vGRF that met the first condition has to be greater than the vGRF 10ms prior to ensure that the trigger would occur in the ascending phase of the vGRF typical of during the early stance phase (Figure 2A).
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[bookmark: _Toc104763699]Figure 1. System apparatus. GRF: ground reaction force; SDK: software development kit; PC: personal computer; GUI: graphical user interface TCP/IP: transmission control protocol/internet protocol.
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[bookmark: _Toc104763700]Figure 2. Perturbation Triggering Criteria and Treadmill Velocity Profile
(A) GRF from both limbs and perturbation triggering criteria. Blue vGRF line is from the tripped left limb; red lines enclose the designated window of a triggering event. (B) Treadmill velocity profile. Solid line stands for a tripping perturbation with a small acceleration; dash line represents a tripping perturbation with a large acceleration.
Step-by-step Protocol
1. Turn on VICON motion capture system and open “Vicon Nexus [image: A screenshot of a computer

Description automatically generated with medium confidence]”
2. Make sure the force platforms are enabled and available.
[image: ]
3. Turn on Bertec treadmill and open “Bertec treadmill [image: ]”. A treadmill control panel will pop out.
4. Click “Settings” > check “Remote TCP/IP Control”
[image: A screenshot of a computer

Description automatically generated with medium confidence]
[image: ]
5. Click “OK” on the warning pop-out window
[image: ]
6. Click “OK” on the Settings window. All the disabled remote-control functions (grey functions in step 4) should be enabled.
[image: ]
7. Click “Enable Remote Control” on the treadmill control panel
[image: ]
8. Open “Matlab [image: ]”
9. Open file: trip_version2.mlapp. Make sure all Matlab files are placed in the same folder.
[image: A screenshot of a computer
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10. Run this application. An UI Figure window will pop out showing the control panel.
[image: ]
11. Input participant’s comfortable walking speed (m/s), body weight (kg), and filename. After typing in the filename, “Current Status” will show “Thank you for specify filename for log”.
[image: A screenshot of a computer
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Note: The filename is for Matlab to save a log file reporting the order of perturbations delivered. More details are provided in step 16. The path for saving this log file can be modified by visiting “code view” of this app (step 9) and change line 40 (absolutepath =)
[image: ]
12. Click “Start Experiment”. The treadmill will start moving immediately and gradually accelerate until reaching the comfortable walking speed that was just input. “Current Status” will show “Bertec Treadmill: Connected”. In the meantime, Matlab automatically randomizes the 4 perturbation conditions (left/right x small/large) and assigns them as events 1 to 4.
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13. After participants reach a stable gait pattern, a researcher can click “Trip 1” to allow Matlab to begin screening the ground reaction force and automatically deliver the perturbation when the triggering criteria are met. Once the perturbation is delivered, the “Trip 1” button turns yellow. Matlab also shows the current status as “Waiting to Trip……” and “Trip 1 Executed”.
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14. After a perturbation, participants may need some time to resume stable gait. Continue delivering the next perturbation by clicking “Trip 2” and repeat the same procedure for “Trip 3” and “Trip 4”.
15. The function “pause” will gradually slow down and stop the treadmill, and function “resume” will bring the treadmill velocity back and continue from where was left out. We recommend using these functions when participants need a short break. The “Emergency STOP” will stop the treadmill right way, forcing the treadmill velocity to be zero immediately, which we recommend using it when participants completely lose balance or in an emergency. After an emergency stop, it is required to close the application and re-run it (step 10).
16. After successfully delivering all perturbations, click “End Experiment”. “Current Status” will show the complete path where the log file is saved. Matlab automatically saves a log file including the perturbation detail in sequence to the designated path with the input filename as “filename_dynamic.txt”. For example, for a trial with an input filename as “XD010_day1”, the log file will be named as “XD010_day1_dynamic.txt”. The log file includes direction (left or right), accel (acceleration; 6=small or 12=large), zForce (the vertical ground reaction value when the perturbation was delivered), and FrameNumber (the frame at which the perturbation was delivered).
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Description automatically generated][image: ]Saving path of the log file
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