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1 Introduction & Problem

▪ Linear time-periodic (LTP) systems arise naturally in robotics 

and biomechanics, wherever the governing dynamics repeat 

with the motion cycle.

▪ Floquet theory is the canonical tool for analyzing them: every 

LTP system admits a similarity transform into a linear time-

invariant (LTI) equivalent.

▪ The LTI equivalent is governed by a constant state-transition 

matrix AF, the principal P-th root of the monodromy matrix.

▪ This lets the full machinery of LTI analysis like stability or 

control design to be applied directly to periodic systems.

▪ Recovering it from data faces two numerical obstacles:

– identifying the phase-dependent state-transition matrices {Ak, Bk}

– reliably computing the monodromy's matrix root when the estimate is 

noisy or non-normal

Where LTP Dynamics Arise

▪ Legged locomotion and gait synchronization in humans and 

animals

▪ Rotating machinery, wind-turbine aerodynamics, and 

helicopter rotor blade-passing effects

▪ Power-converter switching cycles and periodically 

modulated communication channels

2.2   Robust Floquet Reduction

▪ Prior approaches [2,3] extract the principal P-th root from the 

eigenstructure of the monodromy's Schur factor, unreliable for 

near-defective matrices.

▪ We replace this with the Schur–Padé algorithm [4,5], 

approximating the root via a rational Padé approximant on the 

scaled triangular factor.

▪ This sidesteps eigendecomposition entirely.

▪ The result: substantially better stability on the noisy, near-

defective monodromies that data-driven identification produces.

3 Key Findings

▪ Validated via a Monte Carlo study over 50,000 randomly 

generated stable LDTP systems (order n = 2–6, period P = 2–

100).

▪ The periodicity-regularized identifier reaches a 100% success 

rate across every tested configuration.

▪ NRMSE stays below 0.09 across all configurations, 

identification is robust and largely insensitive to system order.

▪ The Schur–Padé reduction yields highly accurate Floquet-

equivalent trajectories.

▪ Prediction error follows a U-shaped curve with a minimum near 

P ≈ 27–42 (Fig. 1), confirming the pipeline is reliable across a 

broad operating range.

▪ At very long periods the Floquet success rate itself declines 

(10–40% by P = 100 for higher-order systems) due to the 

growth of the Schur–Padé residual, not the periodic 

identification, is the limiting factor.

Simulation Setup

▪ Trajectories of length T = 100P + 1 samples (10 periods 

per trial), broadband i.i.d. Gaussian input

▪ Process noise with covariance Σw = 0.1·In added to the 

state

▪ 1,000 independent random LDTP systems per (n, P) 

configuration

Fig. 1. Monte Carlo validation (50,000 trials): (a) average prediction NRMSE of the 

COSMIC estimation model; (b) Floquet reduction success rate over system order 

n and period P; (c) average prediction NRMSE of the Floquet-equivalent model, 

with a U-shaped minimum near P ≈ 27–42.
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2 Method

2.1   Periodicity-Regularized Identification

▪ COSMIC [1] treats identification as a per-step local regression 

xi+1 ≈ A(i)xi + B(i)ui, stacking {A(i), B(i)} into a parameter block 

Gi at every time step i.

▪ Its baseline cost JCOS combines a data-fit term with a step-to-

step smoothness penalty between consecutive parameter 

blocks, since phase-dependent dynamics change gradually.

▪ Our contribution: a periodicity regularizer Jper ties together 

every parameter block that shares the same phase k across all 

N cycles — directly enforcing Ak+P=Ak on the estimator itself.

▪ The combined cost Jtotal=JCOS+Jper stays quadratic, so the 

original COSMIC solver applies unchanged — just with a 

denser, phase-coupled normal-equation structure.

▪ Solving still leaves per-step estimates {A(i), B(i)} that vary 

slightly across cycles due to noise; a final cycle-averaging step 

collapses the N repetitions of each phase into the periodic pair 

used for the Floquet analysis.


	Slide 1

