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The Data
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Phase Variation
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The Statistical Model
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Local Variation
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Optimal Estimation
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Spatial Registration

Algorithm 1: To estimate the warpings H;~ ! from the observations Y
with pairwise distances dj.

Fit quintic splines with REML smoothing to the Yj; and differentiate for
ﬁ/i}

Compute A( Jo |DY |dt/f0 |DY |dt

Compute the variogram data (dj, 2||/\,- 1_ k1||2)i¢k5

Fit the Matérn model by iteratively reweighted least squares, producing
1z X

Estimate the covariances Cy := 29(c0) — 29(di);

Estimate the optimal weights w := C‘lln/lgé_lln;

N < -1
Compute A, := (27:1 \?v,-/\i_l) ;
Estimate the warpings I:I,-_1 =A1o Nj;




Simulation Results
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The Google Drive Time Distance
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Euclidean Distance Approximation

Algorithm 2: To approximate a (non-Euclidean) distance matrix D €
R™"™ by a Euclidean distance matrix D* € R™".,

Set B := —3H(D o D)H;

Compute the spectral decomposition B =:) [’ 4 u,-A,-u,.T, where
A1 =2 A

Choose p <rankB;

Set s/ = (A1(ug),..., Ap(up);) T forie[n];

Set D} :=||s; — si|| for i,k € [n];




Approximating Driving Times: 2 Dimensions
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Unalighed to Aligned

Latent Global Clock

Jun Jul 0.00 0.25 0.50

Apr ar Jul Mar Apr May 0.75
Calendar Date (2020) Calendar Date (2020) Latent Global Clock

1.00



Stretch & Displacement |
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Stretch & Displacement |I
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