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% Instrumented Pull Test Analysis Workflow
% MATLAB Pseudocode
 
% This function returns the experimental parameters (postural reaction 
% time, peak trunk deceleration, step reaction time, total step 
% displacement, peak pull force, and rate of force development) as a struct
% object (Results). Inputs required are *.csv file paths to the motion 
% tracking and load cell data.
function Results = GetPullTestResults(MotionTrackerPath, LoadcellPath)
    % Read data from files
    MotionData = array2table(csvread(MotionTrackerPath));
    LoadcellData = array2table(csvread(LoadcellPath));
    % Align data using trigger signal
    MotionIdx = find(MotionData.Trigger, 1);
    LoadcellIdx = find(LoadcellData.Trigger, 1);
    MotionData(:, MotionIdx) = [];
    LoadcellData(:, LoadcellIdx) = [];
    % Resample to 1kHz
    fs = 1000;
    MotionData = resample(MotionData, MotionData.t, fs);
    LoadcellData = resample(LoadcellData, LoadcellData.t, fs);
    % High-pass filter with cut-off at 0.05 Hz
    fc = 0.05;
    wc = fc/(fs/2);
    [B, A] = butter(20, wc, 'high');
    MotionData = filtfilt(B, A, MotionData);
    LoadcellData = filtfilt(B, A, LoadcellData);
    % Differentiate displacement data
    MotionData.TrunkVelocity.Y = diff(MotionData.Trunk.Y);
    MotionData.TrunkAcceleration.Y = diff(MotionData.TrunkVelocity.Y);
    % Slice data to find single trial epochs
    [~, TriggerIdx] = findpeaks(MotionData.Trigger);
    % Loop through epochs and generate results
    Results.N = length(TriggerIdx);
    for i = 1:Results.N-1
        s = TriggerIdx(i); % start index
        e = TriggerIdx(i+1); % end index
        % Check for anticipation
        reject = FindAnticipation(MotionData.Trunk.Y(s:e),...
            LoadcellData.Force(s:e));
        if ~reject
            % Populate results struct
            Results.TrunkReactionTime(i) = ...
                GetTrunkReactionTime(MotionData.Trunk.Y(s:e),...
                MotionData.TrunkAcceleration.Y(s:e), fs);
            Results.PeakTrunkDeceleration(i) = ...
                max(MotionData.TrunkAcceleration.Y(s:e));
            Results.LeftStepReactionTime(i) = ...
                GetStepReactionTime(MotionData.Trunk.Y(s:e),...
                MotionData.LeftFoot.Y(s:e), fs);
            Results.RightStepReactionTime(i) = ...
                GetStepReactionTime(MotionData.Trunk.Y(s:e),...
                MotionData.RightFoot.Y(s:e), fs);
            Results.LeftTotalStepDisplacement(i) = ...
                GetTotalStepDisplacement(MotionData.LeftFoot.Y(s:e));
            Results.RightTotalStepDisplacement(i) = ...
                GetTotalStepDisplacement(MotionData.RightFoot.Y(s:e));
            Results.PeakPullForce(i) = ...
                max(LoadcellData.Force(s:e));
            Results.ForceRate(i) = ...
                max(diff(LoadcellData.Force(s:e)));
        end
    end
end
 
function CanReject = FindAnticipation(TrunkDisplacement, PullForce)
    CanReject = 0;
    % Find onset of trunk displacement
    BaselineMean = mean(TrunkDisplacement);
    BaselineSTD = std(TrunkDisplacement);
    thresh = BaselineMean + 3*BaselineSTD;
    onset = find(TrunkDisplacement>thresh, 1);
    % Find onset of pull
    BaselineMean = mean(PullForce);
    BaselineSTD = std(PullForce);
    thresh = BaselineMean + 3*BaselineSTD;
    pull = find(PullForce>thresh, 1);
    % If trunk displacement occurs before pull, then reject trial
    if onset < pull
        CanReject = 1;
    end
end
 
function RT = GetTrunkReactionTime(TrunkDisplacement, TrunkAcceleration, fs)
    % Find onset of trunk displacement
    BaselineMean = mean(TrunkDisplacement);
    BaselineSTD = std(TrunkDisplacement);
    thresh = BaselineMean + 3*BaselineSTD;
    onset = find(TrunkDisplacement>thresh, 1); 
    % Use zero crossing detector to find start of deceleration
    decel = zcd(TrunkAcceleration); 
    % Calculate reaction time
    RT = (decel-onset)/fs;
end
 
function RT = GetStepReactionTime(TrunkDisplacement, StepDisplacement, fs)
    % Find onset of trunk displacement
    BaselineMean = mean(TrunkDisplacement);
    BaselineSTD = std(TrunkDisplacement);
    thresh = BaselineMean + 3*BaselineSTD;
    onset = find(TrunkDisplacement>thresh, 1); 
    % Find onset of step displacement
    BaselineMean = mean(StepDisplacement);
    BaselineSTD = std(StepDisplacement);
    thresh = BaselineMean + 3*BaselineSTD;
    step = find(StepDisplacement>thresh, 1); 
    % Calculate reaction time
    RT = (step-onset)/fs;
end
 
function Step = GetTotalStepDisplacement(StepDisplacement)
    Step = max(StepDisplacement);
    if Step < 50 % reject if step is less than 50 mm
        Step = NaN;
    end
end
