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Background

• Internal velocity reconstruction is a prevalent scientific problem

Non-destructive testing Geological exploration

Medical imaging

Reflection & Transmission
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Background
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u PDE：Wave equation

Time

u Leveraging full wavefield information u Leveraging first-arrival traveltime

u High accuracy but low efficiency u High efficiency but low accuracy

• Wave theory: Full waveform inversion • Ray theory: Traveltime Tomography

u PDE：Eikonal equation
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Background
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Background

Internal velocity reconstruction 

Appearance property reconstruction
vs.

• More severe ill-posedness

• More complex forward modeling

• More sparse observations

• Implicit neural representation 
remain highly valuable for 
internal reconstruction tasks
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Motivation

Previous studies:
• Physics-informed robust and implicit full waveform inversion without prior and low-frequency information. 

• Implicit seismic full waveform inversion with deep neural representation. 

• Unveiling the mechanism of continuous representation full-waveform inversion: A wave based neural tangent kernel framework. 

• Implicit neural representation  +  Full waveform inversion

High computational time complexity

High computational memory complexity

• Our goal: trade-off between performance and efficiency in 3D tasks

(Wave equation)
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Motivation
• Alternative: Implicit neural representation  +  Traveltime Tomography
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(Eikonal equation)

Forward traveltime: 

Backward gradient:

• Sparse gradient 

• Lack of multiscale capability

• Large-scale forward modeling

7



Pipeline

Velocity Slices 

FIM  Forward Modeling
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discretization

8



Gradient diffusion via Fresnel volumes

• Fresnel volume definition:

9



Gradient diffusion via Fresnel volumes

� Forward traveltime

� Backward gradient
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Slice-based Fresnel volume construction

• Paraxial approximation

• Physical definition
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Slice-based Fresnel volume construction

• only 8,317 parameters
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Experimental settings

• Dataset：ABC, ShapeNetSem, and Thingi10k 

• Resolution：128×128×128

• Background velocity：3 km/s   Target velocty：1 km/s

• Observation：3 groups，9×9 through-transmission setups

• Baselines：FWI-based Methods

• Hardware：2 NVIDIA A100 GPUs
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Quantitative results

• Standard condition

• Sparse acquisition condition• Noisy condition
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Qualitative results - Standard condition
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Qualitative results - Noisy condition
TV-FWI MS-FWI IFWI IG-FWI OursGT
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Ablation study
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Future work

• Leveraging reflected-wave information

• Real-world applications
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