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The target

ωsωtK(s, t) = E (ωX(s), ωX(t))
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FACE + additive P-spline penalty

Simpkin, A. and Newell, J., An additive penalty P-spline approach to derivative estimation (2013).

S = B
(
B→B + ω1P1 + ω2P2

)↑1
B→

K̃(s, t) = SK̂(s, t)S
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Derivative of the covariance

K̃(s, t) = B(s)→!B(t)

ωsωtK̃(s, t) = ωsB(s)→!ωtB(t)

Zhu, Y. et al., Covariance estimation for derivatives of functional data using an additive penalty in P-splines (2026).
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Derivative-based FPCA

Zhu, Y. et al., Covariance estimation for derivatives of functional data using an additive penalty in P-splines (2026).

G1/2!G1/2 = QV Q

!(t) = ωtB(t)→G↑1/2Q

ωi =
(
!→!+ ε2V ↑1

)↑1
!→ϑB”
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K̂(s, t)

Thanks!


