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Introduction

Time series forecasting:

• Finance

• Climate

• Transportation

Method:

• RNNs

• Transformer

Issues:

• data-limited scenarios, particularly few-shot and zero-shot settings

→ augmenting time series forecasting with additional modalities

• Text-Augmented Models: 

• the modality gap (continuous time series discrete text) 

→ information loss during representation alignment

• pre-trained language knowledge is rare for capturing fine-

grained temporal patterns (比如趋势拐点、短时波动)

• Vision-Augmented Models: 

• lack semantic interpretability



Introduction

Current approaches often focus on single modalities, 

failing to harness their combined strengths.

→ Time-VLM

• unifying temporal, visual, and textual information

• Temporal: Capture raw dynamics, trends, and 

periodicity

• Visual (Images): Reveal frequency and spatial 

patterns through visual representations

• Language (Text): Provide semantic context and 

domain knowledge



Method

• Retrieval-Augmented Learner (RAL)

• Patch Embedding

embedded using positional encodings.

• Retrieval-Augmented Memory (理解当前时间
序列信息的同时从记忆库中寻找相似信息)

retrieve top-k similar patches from the 

memory bank M based on cosine similarity

The global memory is obtained by temporal 

averaging from current patch P

This fused representation supports dynamic 

retrieval and integration with other modalities



Method

• Vision-Augmented Learner

• Frequency Encoding: adding spectral 

information

• Periodicity Encoding: adding time-domain 

information (P: periodicity hyperparameter)

• Multi-scale Convolution

• Image Interpolation & Normalization



Method

• Vision-Augmented Learner

• Frequency-Domain Information
• 细纹理表示高频成分（快速波动）
• 大色块区域表示低频成分（慢趋势）

• Multi-scale Periodic Encoding
• 竖直条纹 表示每日周期的重复
• 水平图案 表示每周模式（如周末变化）

• Color Trends
• 色彩亮度表示时间序列的数值大小
• 深蓝 = 低值，亮黄 = 高值

• Abrupt Changes and Anomalies
• 图像中颜色突然变化（例如从深色到亮色）意味

着时间序列中出现了突变或异常。



Method

• Text-Augmented Learner (TAL)

• generates natural language prompts 

describing the time series — task, domain 

context, and statistics like min, max, trend

• tokenized and fed into a VLM’s text encoder



Method

• Multimodal Fusion with VLMs

• Multimodal Embeddings Extraction

• Feature Alignment

• Temporal Feature Fusion

• Temporal memory embeddings as Q

• multimodal embeddings as K and V

• Gated Fusion 

• Forecasting



Experiments

Dataset: 

• Energy: ETTh1, ETTh2, ETTm1, ETTm2

• Weather

• Electricity: ECL

• Traffic

Traditional models: PatchTST, FEDformer



Experiments



Experiments

左图：对齐到了统一语义空间
右图：根据不同样本自适应选择融合比例

COCO-Image和COCO-Text跟时间序列相比较为孤立
表示语言模型难以直接对齐时间数据
COCO-Pair与时间序列模态显著重叠，靠近中心表明 
VLM 学到的“图文跨模态知识”能迁移到时间序列中

Time-VLM 的做法是：
把时间序列变成图像 + 文本对；
然后嵌入 VLM 共享语义空间；
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