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Motivation

Problem: Existing methods falter when faced with unpredictable shifts or new classes during

online inference. They’re stuck in a ”training-only” mindset—impractical for dynamic,

real-world scenarios.

Objective: Enter Point-Cache—a training-free, test-time solution! We built a dynamic,

hierarchical cache that learns on the fly from online test data alone. It captures both global

shapes and local details of point clouds, adapting robustly to anything thrown its way.
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Figure 1. Recognition accuracy comparison on clean and corrupted point cloud datasets. The suffix -C indicates

datasets with corruptions. Models experience a severe performance drop when data corruptions arise.

Highlights

First to tackle test-time point cloud recognition with only test data, generalizing to known

and unseen classes, in a training-free manner.

A plug-and-play hierarchical (global + local) cache boosting large 3D models like ULIP &

ULIP-2 & OpenShape & Uni3D.

Massive gains: +6.18% on ModelNet-C, +6.99% on ScanObjNN-C (hardest), +2.10% on

Objaverse-LVIS (1,156 classes) across 8 benchmarks.

Challenges

We can obtain the global feature of a point cloud P and its text encoding easily. However, it is

non-trivial to represent the local-part features of the point cloud P due to the following challenges.

Part Feature Capture Part Feature Storage

- Difficult to define 
parts precisely and get 
their features for 
various 3D objects of 
different classes

- Expensive to store 
multiple part features 
instead of a global 
feature for a single 
point cloud

Figure 2. Challenges in encoding part feature for 3D objects of different classes: Part Feature Capture & Storage.

Proposed Methodology

We propose Point-Cache, a cache model to store critical fingerprints (which are essentially key-

value or feature-label pairs) of test samples, to fully exploit the data distribution during test time.
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Figure 3. The overall pipeline of Point-Cache. The zero-shot predictions ŷzs of large 3D models are effectively

adapted by our global cache logits ŷg and local cache logits ŷl to handle the distribution shifts and data corruptions.

Constuction & Update of Hierarchical Cache

Global cache: Cg = (Eg, L̂g,hg), storing (feature, label, entropy) triplets of online test samples.

Local cache: Cl = (El, L̂l), storing (feature, label) pairs of online test samples.
Construction & Update of Global Cache and Local Cache:

K: themaximum number of samples per class in the cache. Initially, both Cg and Cl are empty.

When a new test sample P arrives, we generate its global fingerprint (eg
p, L̂, h) and local

fingerprint (el
p, L̂), and then assign it to class L̂.

Append the global fingerprint (eg
p, L̂, h) and the local fingerprint (el

p, L̂) of current sample to
class L̂ if the number of stored samples for class L̂ is less than K .

Otherwise, select the fingerprint with highest entropy within class L̂, replace this fingerprint
with current fingerprint if the entropy of current sample is lower.

Test-time Adaptation by Our Hierarchical Cache

Zero-shot prediction of large 3D models

ŷzs = {ŷi|Ci=1}, ŷi =
exp(sim(eg

p, ei
t)/τ )∑C

j=1 exp(sim(eg
p, e

j
t )/τ )

(1)

Adaptation by global cache

Ag = exp(−βg(1 − e
g
qE

>
g )), L̂g = OH(L̂g), ŷg = AgL̂g (2)

Adaptation by local cache

Al = exp(−βl(1 − el
qE

>
l )), L̂l = OH(L̂l), ŷl = φ(AlL̂l) (3)

Overall prediction

ŷ = ŷzs + αgŷg + αlŷl (4)

Experiments

Robustness evaluation on ModelNet-C, which contains 7 types of data corruptions. Each clean

point cloud has 1024 points and the corruption severity level is 2. The last column is the average.

Figure 4. Comparison of recognition accuracy on ModelNet-C that contains 7 types of corruptions.

Generalization evaluation on a suite of datasets, where Omni3D and O-LVIS include 216 and

1,156 classes, respectively. The numbers in the bracket are the number of points per 3D object.

Figure 5. Comparison of recognition accuracy across a suite of datasets. S-PB_RS_T50 is the hardest split of

ScanObjectNN. O-LVIS: Objaverse-LVIS. Omni3D: OmniObject3D, where objects have a different number of points.

Visualization of step-by-step adaptation for large 3D models by our Global Cache (GC) and Hi-

erarchical cache (HC). The hierarchical cache model consists of a global and a local cache.
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(c) ULIP+GC
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(d) ULIP+HC
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(f) OpenShape
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(g) OpenShape+GC
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(h) OpenShape+HC
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