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Abstract
Passively-generated mobile data has grown increasingly popular in the travel behavior (or human mobility) literature. 
In the past five years, two issues have significantly impacted academic communities interested in this type of data: (1) 
Recent progress on consumer privacy protection norms and the public's increasing awareness of exploitative data 
collection practices have resulted in a greater share of individuals opting out of location-based data sharing 
agreements with third-party apps. This means that for most individuals, data is observed at a lower frequency than 
before (while for some, they are not observed at all). (2) On the flip side, due to privacy-preserving research 
agreements with data aggregators, researchers can rarely share the raw data they use with journals or the general 
public, effectively ruling out the possibility of validating findings or disputing claims. To address both issues 
simultaneously, we propose a hybrid conditional-generative Gaussian process framework to create synthetic 
individual mobile data that provably replicates observed travel patterns without compromising privacy. Our approach 
integrates physical knowledge to regularize the framework such that the generated data obeys the laws of physics as 
well as constraints imposed by the built and natural environments. Furthermore, to capture travel behavior 
heterogeneity at the individual level, we further propose a data-driven multiple kernel learning approach to 
determine the optimal composite kernel for every user-period pair. Our experiments demonstrate that: (1) The 
optimal composite kernel for user-period pairs can be significantly different, while not utilizing this discovered kernel 
results in sub-par model performance; (2) physics-regularization not only reduces model bias but also improves 
uncertainty estimates associated with the predicted locations.


