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Smartphone travel diaries

• Smartphones can collect travel 
diaries

• Participants get tired of labeling 
trips
– Only 38% (94k) of OpenPATH trips 

labeled
• Lots of unused information 

(146,000 trips)
• What if we try to use that 

information for decisions? Screenshot from 
CanBikeCO app
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Accounting for uncertainty

• Energy = Energy Intensity * Travel Length
• Need uncertainty in both inputs
• Accuracy not enough
• Used ground truth smartphone travel data set 

(MobilityNet (Shankari et al, 2020))
• Energy Intensity/Mode uncertainty – confusion matrix

– Can find for any mode classification algorithm
• Length uncertainty – relative length error
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Accounting for uncertainty

• Mode: confusion matrix
– Given predicted mode
– Mean and variance of 

energy intensity
• Length: relative length error

– Given measured length
– Mean and variance of 

actual length
• Combine with variance 

propagation

Predicted Mode

Actual 
Mode

Car Ebike Bike Walk

Car 0.7 0.2 0.1 0

Ebike 0.2 0.5 0.3 0.1

Bike 0.1 0.2 0.4 0.1

Walk 0 0.1 0.2 0.8

Example confusion matrix
More modes were present in actual study
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Results and multimodal equity

• Benchmark on CanBikeCO
– 9.17% error
– 85.5% within 2 sd 

• Less labeling burden
• Local travel understanding
• Behavior models - better 

representation in travel demand 
forecasting
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