Supplementary Instruction
S1: Detailed Experimental Data Description
MIT Dataset (Controlled Measurement Conditions): The MIT dataset comprises 124 LFP 18650 cylindrical cells. These cells were subjected to a constant-current (CC) discharge process at 30 °C. The highly controlled and ideal measurement environment of this dataset provides a reliable baseline for validation, enabling a precise assessment of the fundamental performance metrics under stable conditions.
CALCE Dataset (Periodic Measurement Scenarios): The CALCE dataset utilizes a CX2-3 prismatic LCO cell, which undergoes periodic pulse discharge interspersed with rest periods. This testing protocol closely mimicked the operational conditions of urban electric vehicles, where batteries experience repetitive charge-discharge cycles with intermittent idle periods. As such, the dataset effectively represents the performance characteristics of batteries during cyclic operations in real-world urban transportation scenarios.
[bookmark: OLE_LINK9]Oxford Dataset (Complex Dynamic Measurement): The Oxford dataset consists of six LCO pouch cells tested at 40°C. The cells were discharged following Artemis dynamic profiles that simulate urban, rural, and highway driving conditions. Characterized by high-frequency variations, this challenging measurement environment poses significant tests to the proposed methodology, allowing for a comprehensive evaluation of its adaptability and accuracy in handling complex, dynamic real-world situations. Table S1 summarizes the material systems, types, and specifications of the tested batteries.

Table S1. Specification of the tested datasets
	Dataset
	Type
	Battery shape
	Normal capacity
	Voltage range

	MIT
	LFP
	Cylindrical
	1.1Ah
	2.0-3.6 V

	CALCE
	LCO
	Rectangular
	1.35Ah
	2.7-4.2 V

	Oxford
	LCO
	Pouch
	0.75Ah
	2.7-4.2 V


S2: Parameter Sensitivity Analysis of Segmentation Parameter Np
To validate the rationality of the segmentation parameter Np = 30 used in the main text and clarify its impact on the extraction of health features K and b and their relationship with SOH estimation performance, a parameter sensitivity analysis was conducted using the MIT dataset as an example. The MIT dataset was selected due to its well - controlled measurement environment, which helps accurately quantify the relationship between Np and the correlation of features K and b with SOH. 
Four candidate values of Np (20, 25, 30, and 40) were selected. The features K and b were reextracted following the method described in Section 3.2 of the main text, and the Pearson correlation coefficients between these features and the actual SOH were calculated. The correlation coefficients of features K and b with SOH under different Np values are shown in Table S2 and Figure S1.


Table S2. The Pearson correlation coefficients for different segmentation
	Np
	K
	b

	20
	0.899
	0.31

	25
	0.974
	- 0.985

	30
	0.986
	- 0.951

	40
	0.986
	- 0.968


[image: ]
Fig. S1 The Pearson correlation coefficients between features K, b and SOH for different Np values
S3: Network Architecture and Training Details
S3.1 Complete Network Mathematical Formulations
TCN Branch Detailed Implementation:
Residual block structure:
		
Receptive field calculation:
		
where k=5 is convolutional kernel size and N=3 is number of TCN blocks.
Transformer Branch Complete Formulation:
Positional encoding:
[bookmark: _Hlk207034653]		
Input processing:
		
Multi-head attention mechanism:
		
Feed-forward network:
		
Transformer layer computation:
		
Complete Attention-Gated Fusion:
Gating mechanism:
		
Cross-attention computation:
		
Final fusion:
		
Output processing:
[bookmark: _Hlk207984279]		
where GAP denotes global average pooling.
[bookmark: _Hlk212999375]S3.2 Complete Network Mathematical Formulations
[bookmark: _Hlk212999339]Table S3. Network architecture parameters
	Component
	Parameter
	Value
	Description

	TCN Branch
	Number of blocks
	3
	Cascaded residual blocks

	
	Kernel size
	5
	1D convolution kernel

	
	Dilation rates
	[1, 2, 4]
	Exponential dilation

	
	Filters
	[64, 64, 64]
	Feature channels

	
	Dropout rate
	0.2
	Regularization

	Transformer
	Model dimension
	64
	Hidden dimension

	
	Number of heads
	8
	Multi-head attention

	
	Number of layers
	2
	Encoder layers

	
	Feed-forward dim
	256
	FFN dimension

	
	Dropout rate
	0.1
	Attention dropout

	Fusion Module
	Gate conv filters
	[32, 16]
	Gating mechanism

	
	Cross-attention heads
	4
	Bidirectional attention

	
	MLP dimensions
	[128, 64]
	Fusion processing

	Output Layer
	Dimensions
	[128, 64, 1]
	Final prediction

	
	Activation
	[ReLU, ReLU, Linear]
	Layer activations


S3.3 Training Optimization Parameters
Table S4. Training configuration
	Parameter
	Value
	Description

	Batch size
	32
	Mini-batch size

	Learning rate
	0.001
	Initial learning rate

	Optimizer
	Adam
	Optimization algorithm

	Weight decay
	1e-5
	L2 regularization

	L1 regularization
	1e-6
	Sparsity penalty

	Max epochs
	200
	Training iterations

	Early stopping
	20
	Patience epochs

	Learning rate decay
	0.5
	Decay factor

	Decay patience
	10
	Plateau patience
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