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Stress is an instrumental factor for the emotional,
. cognitive, and physical well-being of people.




Prior work | Stress monitoring using sensorless sensing
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e Data collected from Point-and-Click task
during the MouStress Study was used (Sun
2014) -

e Two task parameters were varied:
o Distance D (64px, 128px, 256px, 512px, 1024px)
o  Width W (8px, 16px, 32px, 64px)
e 49 participants performed 5 repetition of the
task with the same Configuration under both Sf&r{}ilmel:«‘)rg.—\u?géi:f e g i il ::xl(\):.é?
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Parameters (w, ¢) estimated using prediction-error
minimization
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FIR filter that build predictive model of future samples based only on linear
combinations of observed signals from the past (i.e., all pole filter)

It is an all-pole filter, thus similar in structure to the MSD model in laplace
domain

We used an LPC filter of order 4, and estimated damping freq (w) as the
imaginary part of complex root, and damping ratio () as the ratio of complex
roots’ real part and its absolute value

Here we provide evidence that the two parameters (w, ¢) from the two
approaches (LPC, MSD) are significantly correlated
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Model calm stressed t(48) p
MSD 12.9 (0.5) 14.4 (0.4) 3.6 < 0.001*
LPC 0.261 (0.002) 0.268 (0.001) 3.8 < 0.001*
¢
Model calm stressed t(48) p
MSD 1.00 (0.03) .97 (0.03) 1.1 0.28
LPC | 0.5635 (0.0005) | 0.5652 (0.0005) 3.2 0.002*




Correlation | Results
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Standard ML Method

i iReLU
FC(30.4) FC (output, 4)
‘;a;.w“ . _$§eLU y
Neural network-based ML Methods FC (4,2) FC (4,2)

o Long Short-Term Memory (LSTM)
o Convolutional Neural Network (CNN)

LSTM arc hlte'c!ureA CNN architecture

Fig. 4. Architecture of the methods based on A) LSTM and B) CNN. (FC
= fully connected layer, ReLU = rectified linear unit)

Built a different classifier per

participant per distance of the

Point-and-Click task



Distance CNN LSTM MSD LPC MSD LPC MSD LPC
o, o, ) ) C 4

64x 51.8% 54.7% 58.8% 53.5% | 60.0% | 54.6% 51.2% 37.1%
(0.65%) | (1.1%) | (1.9%) | (1.4%) | (1.9%) | (1.7%) | (1.0%) | (1.7%)

128x 53.6% 56.4% 56.4% 55.9% 57.1% 58.8% 52.3% | 58.9%
(0.95%) | (1.5%) | 2.0%) | (1.8%) | (2.0%) | (1.9%) | (1.0%) | (2.0%)

256x 55.1% 58.3% 59.1% 57.2% 59.5% | 62.3% 55.0% 60.4%
(1.04%) | (17%) | 2.0%) | (1.6%) | 2.0%) | (1.8%) | (1.3%) | (1.9%)

512x 60.1% 65.3% 60.0% 58.6% 60.7% | 67.2% 54.9% 64.4%
(1.5%) (1.8%) | 22%) | (1.3%) | 2.1%) | 2.0%) | (1.6%) | (2.1%)

1024x 62.2% 67.3% 63.6% 61.4% 65.3% | 72.9% 56.0% 69.4%
(1.6%) 2.0%) | 23%) | (1.4%) | 22%) | (1.8%) | (1.6%) | (1.9%)

Overall 56.6% 60.4% 59.6% 57.3% 60.5% | 63.2% 53.9% 62.0%
(1.01%) | (1.4%) | (1.8%) | (1.3%) | (1.7%) | (1.4%) | (0.7%) | (1.6%)




Parameters derived from an LPC filter are valid and a good proxy to those from an
MSD model of the human arm to predict binary acute stress levels of users based
on their computer mouse clicking data

LPC filter can be easily implemented for real-time processing, vs. an MSD model

In the future, we plan to

a. Combine physiological signals (e.g., HR) to further improve the ML performance
b. Explore using a combination of neural network-based approaches with MSD or LPC
c. Apply some of these methods to analyze in-the-wild data
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