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Core idea: turn caching from a fixed heuristic into a navigation problem, using 
test-time self-calibration to know when a DiT block can be safely reused.

Offline calibration-free  •  Plug-and-play  •  Test-time self-calibration • Navigation-guided caching • Trajectory-aware caching 
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The bottleneck: video diffusion is powerful, but expensive
Large VDMs repeatedly execute massive DiT backbones across dozens of denoising steps.

Why it matters

1 Every generated video requires many sequential forward passes.

2 Each pass touches high-dimensional spatiotemporal features.

3 Small skip-decision errors can accumulate into visible artifacts.

4 The real deployment goal is not only speed, but safe speed.

Acceleration is a decision problem

Compute Predict
Error

Skip /
Update

The hardest part is judging whether a block output is still 
close enough to reuse.

Paper basis: Introduction motivates the computational tax of iterative VDM sampling.
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Why existing caching methods are not enough
Prior caching methods either depend on offline calibration or lack runtime trajectory tracking.

Offline calibration
TeaCache / MagCache

✓ Learns a mapping before inference

! Calibration cost and dataset dependence

! Vulnerable to distribution shift

Offline calibration-free
EasyCache-style ZOH

✓ No calibration dataset required

≈ Uses previous ratio as current estimate

! Lags when feature dynamics drift

NaviCache
Test-time self-calibration

✓ No offline calibration

✓ Tracks state and uncertainty at runtime

✓ Updates only when the safety gate says so

Key gap: runtime dynamics are non-stationary
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Observation: feature evolution behaves like a trajectory
The input-output difference relationship is structured; it is not just random jitter.

From points to navigation

NaviCache tracks the changing sensitivity ratio 
between output variation and input variation.

Fig. 1 shows NaviCache has the lowest MAE and KL 
divergence, and the highest Pearson correlation and 

cosine similarity among compared methods.

Core insight: cache reliability is a state-estimation problem, not a static fitting or zero-order reuse problem
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Method design: NaviCache as test-time navigation
A dual-state estimator tracks both the ratio and its uncertainty during inference.

Three-stage workflow

1 Initial Alignment: fully compute early
turbulent steps

2 Self-Calibration: recursively track
state and covariance

3
Safety Gate: skip only while
estimated error stays bounded

Fig. 2: caching becomes recursive state-space tracking
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Mechanism: uncertainty is the guardrail
The estimator fuses inertial prediction with measured correction when needed.

State and measurement model

Prior projection

Calibrated fusion factor

Safety gate and theory

Stable regime: trust historical inertia.
Turbulent regime: trust new measurements.
Result: tighter error bound than zero-order offline calibration-free caching.
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Main results: speed without sacrificing fidelity
NaviCache consistently improves the fidelity-speed trade-off across major VDM backbones.

Main results

W Wan 2.1: fast mode reaches 2.23× speedup with
stronger PSNR than zero-order EasyCache.

H HunyuanVideo: mid mode reaches 2.17× speedup,
PSNR 32.65, LPIPS 0.0571.

O Open-Sora: slow mode improves PSNR to 26.37
with strong perceptual retention.

No offline calibration is required, yet runtime self-
calibration preserves strong visual fidelity.
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Qualitative evidence: safer skipping produces cleaner videos
The visual case study shows fewer structural artifacts in hands, pages, and motion.

Why this matters

! Offline calibration-based methods can show hand
or object deformation.

! Zero-order offline calibration-free caching can lag
behind dynamics, producing blur or distortion.

✓ NaviCache tracks uncertainty and re-anchors
when the trajectory drifts.

Fig. 3: NaviCache stays closer to the unaccelerated baseline
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Adaptive computation: each prompt gets its own schedule
NaviCache does not allocate compute by a fixed global template; it reacts to runtime uncertainty.

Depth analysis

1 Skip frequency varies by timestep and mode,
indicating prompt-aware compute allocation.

2 Spatial-temporal scaling remains stable:
Open-Sora speedups stay around 1.81×–1.91×.

3 Auxiliary overhead is negligible: 0s offline
calibration and 0.0109s skip justification.

This supports the central claim: acceleration should be 
adaptive, uncertainty-aware, and deployment-friendly.
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Takeaways: a principled path toward real-time video generation
NaviCache reframes caching as navigation, and uncertainty as the guardrail.

1. Problem: Repeated DiT execution is the core bottleneck of video diffusion inference.

2. Limitation: Existing caches either rely on offline calibration or use zero-order offline calibration-free reuse.

3. Method: Initial Alignment + Dual-State Self-Calibration + Uncertainty-aware Safety Gate.

4. Impact: Strong speed-fidelity balance across Wan, HunyuanVideo, and Open-Sora with zero offline calibration.

Thank You
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