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Scope

1. (Feofanov et al., 2025) Mantis: Lightweight calibrated foundation model for user-friendly time series 
classification.

2. (Feofanov et al., 2026) MantisV2: Closing the Zero-Shot Gap in Time Series Classification with 
Synthetic Data and Test-Time Strategies (ICLR’26 TSALM workshop).

3. (Xie et al., 2026) CauKer: classification time series foundation models can be pretrained on synthetic 
data only. (ICLR’26 oral).

4. (Moakher et al., 2026) UTICA: Multi-Objective Self-Distillation Foundation Model Pretraining for Time 
Series Classification (ICLR’26 TSALM workshop).

5. (Odonnat et al., 2026) Layer by layer, module by module: Choose both for optimal OOD probing of 
ViT (ICLR’26 CAO workshop).

6. (Roschmann et al., 2025) Time Series Representations for Classification Lie Hidden in Pretrained 
Vision Transformers.

7. (Gnassounou et al., 2025) Leveraging Generic Time Series Foundation Models for EEG 
Classification.
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Time Series Classification

1. Cardiovascular Disease Diagnostic 2. Fault Detection of Electric Vehicle’s Battery

4. Finance: Prediction of Sentiment or Direction3. Human Activity Recognition

Normal ECG

Abnormal ECG
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Forecasting vs Classification

Forecasting: predict future 
patterns based on previously seen 
ones. 

Jittering is often somewhat 
arbitrary => smoothing may be a 
good thing.

Classification: discriminate, 
detect anomalies.

Some spikes are a very important 
source of information!
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Time Series Foundation Model (TSFM)

The goal of a TSFM is to learn a projector 

using a large corpus of various datasets.

1. Versatility: one model for different problems.

2. Knowledge alignment with a new task.

Advantages:
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Mantis: Framework
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Available Models

● Mantis: original version (8M params) pre-trained on a collection of real datasets.

● Mantis+: new checkpoint when pre-training on synthetic data. 

● MantisV2: architecture refinement (4M params) + synthetic pre-training.

GitHub
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Time Series Foundation Model (TSFM)

The goal of a TSFM is to learn a projector 

using a large corpus of various datasets.

Step 0: Data Preparation
`
a. Scale to same units.
b. Fix the context size.
c. Univariate dataset.
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Pre-training Dataset Preparation

1. Instance-Wise Normalization
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Pre-training Dataset Preparation

1. Instance-Wise Normalization

2. Resize by Interpolation
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Time Series Foundation Model (TSFM)

Step 1: 
Pre-training

Pre-train a projector using one of the 
two options:

1. Unsupervised (self-supervised):
a. Contrastive learning.
b. Masked reconstruction.
c. Self-distillation.

2. Supervised (multi-task).
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Pre-training by Contrastive Learning

input 1 input 2

should be     
similar

• Make positive pairs close to each other, 
negative pairs – far away from each 
other.

• Positive pair: 2 augmentations of the 
same time series.

• Augmentation: random-crop-resize.

embedding 1 embedding 2
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Pre-training by Contrastive Learning

embedding 1 embedding 2

input 1 input 2

should be 
dissimilar

• Make positive pairs close to each other, 
negative pairs – far away from each 
other.

• Positive pair: 2 augmentations of the 
same time series.

• Augmentation: random-crop-resize.

• Negative pair: different examples
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Synthetic Pre-training Data

S. Xie et al. (2026). CauKer: classification time series foundation models can be pretrained on synthetic data only. (ICLR’26 oral).

CauKer: synthetic data 
generation algorithm.

(1) Priors: multiple Gaussian processes with different mean functions and 
covariance kernels.

(2) Causal graph: priors are root nodes of a structural causal graph with a non-linear 
activation at each node.
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Synthetic Pre-training Data

CauKer: synthetic data 
generation algorithm that 
yields

• Large data diversity.
• Sample efficiency.
• Similar performance to real 

pre-training data.

S. Xie et al. (2026). CauKer: classification time series foundation models can be pretrained on synthetic data only. (ICLR’26 oral).
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Time Series Foundation Model (TSFM)

Step 1: 
Pre-training

Step 2: Fitting to a New 
Task

Random Forest

prediction

Option 1:
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Time Series Foundation Model (TSFM)

Step 1: 
Pre-training

Step 2: Fine-tuning to New 
Task

Option 2:

Random Forest

prediction

Option 1:

prediction

Head

+



Huawei Proprietary - Restricted Distribution18

RGB
196/0/84

公司辅助色

RGB
203/55/120

RGB
237/109/0

RGB
153/54/54

RGB 
98/178/48

RGB
242/137/68

PANTONE 185C
RGB 

199/0/11  

公司色

PANTONE 186C
RGB

200/16/46  

RGB
127/0/1

RGB
52/200/0

RGB 
48/181/197

RGB
129/193/95

RGB
253/211/81

RGB 
86/196/210

RGB 
211/57/65

RGB 
211/56/89

RGB 
221/128/170

RGB 
191/128/130

RGB 
246/183/140

RGB 
176/216/156

RGB 
253/227/181

RGB 
148/218/226

RGB 
226/129/137

RGB 
226/129/152

RGB 
235/179/204

RGB 
216/179/179

RGB 
250/211/187

RGB 
208/232/196

RGB 
254/238/193

RGB
190/233/238

RGB 
239/178/184

RGB 
238/179/193

RGB 
0/0/0

RGB 
89/87/87

RGB
137/137/

137

RGB
181/181/

181

RGB 
221/221/

221

RGB
255/255/

255

Mantis: Architecture
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Architecture

1.  Token Generator Unit: converts time series into meaningful 
tokens.

2.  Transformer: projects tokens to a new representation space.

Tokenization is key to unlock the power of the transformer.
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Token Generator Unit

1. 32 x-patches:
• norm x → conv → mean pooling.
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Token Generator Unit

1. 32 x-patches:
• norm x → conv → mean pooling.

2. 32 diff-x-patches:
• norm x → diff → conv → mean pooling.
• diff: x[t]-x[t-1], makes time series 

stationary.
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Token Generator Unit

1. 32 x-patches:
• norm x → conv → mean pooling.

2. 32 diff-x-patches:
• norm x → diff → conv → mean pooling.
• diff: x[t]-x[t-1], makes time series 

stationary.

• ablation study: diff improves performance.
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Token Generator Unit

1. 32 x-patches:
• norm x → conv → mean pooling.

2. 32 diff-x-patches:
• norm x → diff → conv → mean pooling.
• diff: x[t]-x[t-1], makes time series 

stationary.

• ablation study: diff improves performance.
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Token Generator Unit

1. 32 x-patches:
• norm x → conv → mean pooling.

2. 32 diff-x-patches:
• norm x → diff → conv → mean pooling.
• diff: x[t]-x[t-1], makes time series 

stationary.

• ablation study: diff improves performance.
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Token Generator Unit: Ablation Study

Ablation study validates the proposed scheme.
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Transformer

1. Class token is appended to 32 input tokens:

• learnable vector,

• aggregates information from the entire input,

• its embedding is the final output.
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Transformer

2.  Positional encoding: 

• incorporates the order of tokens,

• encodes position into a high-dimensional vector.

Sinusoidal Positional 
Encoding

Rotary Positional Encoding
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Transformer: Ablation Study

Some ablations:

● Normalization: LayerNorm vs RMSNorm

● Activation: GELU vs SwiGLU

● Sin PE vs ROPE
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First Experimental Results
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Application to EEG Sleep Staging

Mantis outperforms EEG foundation model 

on sleep stage prediction task!

T. Gnassounou et al. (2025). Leveraging Generic Time Series Foundation Models for EEG 
Classification. arXiv:2510.27522.
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Application to HAR

• Mantis is a good student from a 

video teacher.

• Zero-shot after distillation matches 

the fine-tuning performance.

Video Teacher Time Series Student

B. Chen et al. (2025). Comodo: Cross-modal video-to-imu distillation for efficient egocentric human activity 
recognition. arXiv:2503.07259.
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Influence of Pre-training and Fine-tuning

Best performance is achieved with 
pre-training + fine-tuning.

Pre-training
+ Probing

Training 
from Scratch

Pre-training +
Full Fine-tuning



Huawei Proprietary - Restricted Distribution33

RGB
196/0/84

公司辅助色

RGB
203/55/120

RGB
237/109/0

RGB
153/54/54

RGB 
98/178/48

RGB
242/137/68

PANTONE 185C
RGB 

199/0/11  

公司色

PANTONE 186C
RGB

200/16/46  

RGB
127/0/1

RGB
52/200/0

RGB 
48/181/197

RGB
129/193/95

RGB
253/211/81

RGB 
86/196/210

RGB 
211/57/65

RGB 
211/56/89

RGB 
221/128/170

RGB 
191/128/130

RGB 
246/183/140

RGB 
176/216/156

RGB 
253/227/181

RGB 
148/218/226

RGB 
226/129/137

RGB 
226/129/152

RGB 
235/179/204

RGB 
216/179/179

RGB 
250/211/187

RGB 
208/232/196

RGB 
254/238/193

RGB
190/233/238

RGB 
239/178/184

RGB 
238/179/193

RGB 
0/0/0

RGB 
89/87/87

RGB
137/137/

137

RGB
181/181/

181

RGB 
221/221/

221

RGB
255/255/

255

Influence of Pre-training and Fine-tuning

• Issue: A big gap in performance 

between frozen and fine-tuned 

Mantis. 

• Question: Are we able to mitigate 

this gap?

5.5%

Pre-training
+ Probing

Training 
from Scratch

Pre-training +
Full Fine-tuning
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Leveraging Intermediate Layers
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Strong Intermediate Representations

● Skean et al. (2025) showed that intermediate representations of LLMs may outperform the final one.

O. Skean et al. (2025). Layer by Layer: Uncovering Hidden Representations in Language Models.

Performance of 32 embedding tasks 
from the Massive Text Embedding
Benchmark (MTEB).
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Strong Intermediate Representations

● Skean et al. (2025) showed that intermediate representations of LLMs may outperform the final one.

● Roschmann et al. (2025) showed a cross-domain transfer: intermediate layers of pre-trained ViT are strong 
embeddings for time series classification!

O. Skean et al. (2025). Layer by Layer: Uncovering Hidden Representations in Language Models.
M. Chen et al. (2025). VisionTS: Visual Masked Autoencoders Are Free-Lunch Zero-Shot Time Series Forecasters.
Roschmann et al. (2025). Time Series Representations for Classification Lie Hidden in Pretrained Vision Transformers.
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Layer by Layer for Mantis

Observation 1: Intermediate layers of transformers generalize better!
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Layer by Layer, Epoch by Epoch

Observation 2: Intermediate layers unlock the scaling law!
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Layer by Layer for Other Methods

Observation 3: Intermediate layers make time series forecasting models relevant for 
time series classification.
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Layer by Layer Epoch by Epoch

Final pre-training that gives Mantis+ and MantisV2.
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Layer by Layer Module by Module

For image classification, Odonnat et al. (2026) showed that even better 
representations are found by looking after each module of a transformer layer!

A. Odonnat et al. (2026). Layer by layer, module by module: Choose both for optimal OOD probing of ViT (ICLR’26 CAO workshop)
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Output-Token Aggregation

Usually, a transformer encoder outputs classification token’s embedding as the 
final one.
• Not optimal for intermediate layers.
• Concatenation of cls token and the mean of all other tokens improves performance.
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Main Experimental Results.
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Baselines

• Catch22+ : Manually curated statistical features.

• 2 tabular FMs: TabPFN and TabICL .

• MOMENT : T5-based masked auto-encoder.

• 2 forecasting foundation models: TiRex and Chronos2 .

• Adaptation of vision-based models to time series: TiViT-H  and TiConvNext .

• NuTime : classification TSFM based on BYOL self-distillation.

• Our models: Mantis+  and MantisV2 .
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UCR Performance (128 Univ. Datasets)
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UEA Performance (27 Multivar. Datasets)
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Performance on Human Activity Recognition Datasets

Lightweight models like MantisV2, Mantis+ and NuTime are the most appropriate ones for 

human activity recognition on device with highest performance and lowest complexity.
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Performance on EEG Datasets

• Big datasets => Tabular FMs do not pass the scale.

• Complex data, small performance difference between models.
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Running Time
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Reaching the Fine-tuning Performance

● Linear probing fails: use Standard Scaler or Batch Normalization!
● Self-Ensembling: interpolate the input to different lengths.
● Cross-Model Embedding Fusion: some models are complementary to each other.
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More Ideas: Self-distillation Loss

● Teacher and Student are identical encoders:

● DINO V2 Self-distillation Loss is a composition of:
○ DINO loss: local and global views give 

similar embeddings.
○ iBOT loss: masked and global views give 

similar embeddings.
○ KoLeo regularizer: prevent feature collapse.

Moakher et al. (2026) UTICA: Multi-Objective Self-Distillation Foundation Model Pretraining for Time Series Classification (ICLR’26 TSALM workshop).
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Thank you.

Thank you for your attention!
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