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Motivation

Measurement Results

• Why 3D Modeling using Neural Radiance Field?

1) Easy to Make: Only DNN training w/o high-cost scanner
2) Photo-realistic: Robust to transparent & featureless surface
3) Versatility: Applied to various down-stream AI tasks

• HW Challenges for Real-time Modeling at the Edge

• 3D Modeling Process w/ NeRF

1) Segmented Hashing w/ Spatial Pruning (HT Read)

• Overall Architecture of NeuGPU

- Irregular access by hash func. & Large MLP Comp.
 > 10min. modeling & < 1-FPS rendering on edge GPU

• Key Building Blocks of NeuGPU
  1) Spatial Management Unit (SMU)
    - 66%▼ off-chip memory access supporting SHSP
  2) Attention-based Hybrid Interpolation Unit (AHIU)
    - 1.51×▲ throughput by skipping far vertices
    - 56.4%▼ power by hybrid Interpolators (PIU & SIU)
  3) Similarity-Sparsity Skipping Core (S3 Core)
    - 1.61×▲ energy-efficiency & 1.41×▲ throughput by 
      coarse-grained similarity/sparsity skipping

Text-to-3D
“a corgi taking a selfie”

NeRFPhotogrammetry

• Demonstration System: 3D Capture of Real World

*reconlabs

Training Images
w/ Camera Poses 3D Model

*ICLR’23

 Eliminates irregular off-chip access by partitioning HT & Pruning

< Coarse-grained SpMM (This Work) >< Characteristic of NeRF>

2) Attention-based Hybrid Interpolation (Trilinear Interp.)
Coarse Levels

Parallel Proc.
Store on small $
w/ parallel MACs

Fine Levels

Serial Proc.
Store on SRAM
w/ serial MAC

Hash Embedding Access Characteristics
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 Power reduction by mem. access optimization of multi-level HTs

Proposed SW/HW Co-Design

3) Similarity-Sparsity Skipping (MLP)  High efficiency

• Chip Summary and Performance Comparison

• 3D Modeling Performance & Visual Results

18.2× shorter
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