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Introduction

A function:5D coordinate (x, y, z, θ, φ) to a single volume 
density σ & view-dependent RGB color

Represented by a MLP:a deep fully-connected neural network 
without any convolutional layers



Introduction

1) march camera rays through the scene to generate a sampled set of 3D points
2) use those points and their corresponding2D viewing directions as input to the neural 

network to produce an output set of colors and densities
3) use classical volume rendering techniques to accumulate those colors and densities into 

a 2D image.



Neural Radiance Field Scene Representation



Volume Rendering with Radiance Fields



Optimizing a Neural Radiance Field: 
Positional encoding

L = 10 for γ(x) and L = 4 for γ(d)



Implementation details

Batch size:4096           Nc=64            Nf=128
The optimization for a single scene typically take around 100-300k iterations to converge on a single 
NVIDIA V100 GPU (about 1-2 days)



Results

PSNR:Peak Signal-to-Noise Ratio   峰值信噪比
SSIM:Structure Similarity Index Measure 结构相似性
LPIPS:Learned Perceptual Image Patch Similarity 学习感知图像块相似度

Neural Volumes (NV)
Scene Representation Networks (SRN) 
Local Light Field Fusion (LLFF)



Comparations



Ablation studies



Instant NGP+NeRF
Instant Neural Graphics Primitives with a Multiresolution Hash Encoding



Instant NGP+NeRF

Extract mesh



Instant Neural Graphics Primitives with a 
Multiresolution Hash Encoding
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Position encoding

•Frequency encoding

•Parametric encodings

•Sparse parametric encodings



parametric encodings

• arrange additional trainable parameters (beyond weights and 
biases) in an auxiliary data structure, such as a grid or a tree 
interpolate these parameters depending on the input vector x

• trades a larger memory footprint for a smaller computational cost

• every weight in the fully connected MLP network must be 
updated



Sparse parametric encodings

• In parametric encodings, the number of parameters grows as O(N^3), while the visible 
surface of interest has surface area that grows only as O(N^2). In this example, the grid has 
resolution 128^3, but only 53 807(2.57%) of its cells touch the visible surface.

• multi-resolution decomposition:features are stored in eight co-located grids with resolutions 
from 163 to 1733, each containing 2-dimensional feature vectors. These are concatenated to 
form a 16-dimensional input to the network. Despite having less than half the numberof 
parameters , the reconstruction quality is similar



Instant-NGP



Hyper parameters



Different L and F



Different hash table size（T）



Pipeline



Comparations



Comparations


