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Neural Radiance Field

NeRF: Representing Scenes as Neural Radiance Fields for
View Synthesis’

m Input: (z,y,2,0,¢)
[ ] M: (r,g,b, U)
m MLP: Fy : (2,y,2,0,¢) = (1,9,b,0)

TECCV 2020 Oral - Best Paper Honorable Mention


https://drive.google.com/file/d/10xFx8jxSWo3SVGpgJnA-Ot1EdmcdGuV6/view?usp=sharing
https://www.matthewtancik.com/nerf
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What Can NeRF Representation Do?

Input Images Optimize NeRF Render new views
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Figure: Optimize from a set of input images and render novel views


https://drive.google.com/file/d/1rzre54V1404p6Lqh_jjMko2N2BECrBgY/view?usp=sharing
https://drive.google.com/file/d/1z1YGOf4oFdR2JKc8kLD2CMoTUgbkZ2eX/view?usp=sharing
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How to Optimize

m Given: a set of captured RGB images of the scene
m Volume Rendering: 5D radiance field — RGB images
m Loss: £ = 3, e[l Ce(r) = C(0)[3 + ||Cs(r) — C(r)||3]


https://drive.google.com/file/d/1muRWQwRyy3xgaSa9WXJ7mgSpjfHf92Jn/view?usp=sharing
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NeRF Overview

5D Input Output Volume Rendering
Position + Direction Color + Density Rendering Loss
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Volume Rendering with Radiance Fields

m NeRF output: (c(x,d), o(x))

m Expected color:
ty
owlewmmmmmﬁ (1)

m Accumulated transmittance:

Tmzmwldmmw @)


https://www.scratchapixel.com/lessons/3d-basic-rendering/ray-tracing-generating-camera-rays/generating-camera-rays.html
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Numerical Estimation

m Stratified sampling:

tiNu[tn'*'z]Vl(tf_tn)a tn"‘*(tf_tn) (3)

m Approximated color:

where

T; = exp(— ZU] )y 0 =tig1 —t;
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Volume Rendering Digest

m Differential probability (reparameterization):
o(x) = o(t)
givenr = (o,d), r(t) =o+1td
m Transmittance:

T(t+dt) =T(t) (1 —dt-o(t)) (5)


https://arxiv.org/abs/2209.02417
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Transmittance

Tt+dt)=T() - (1 —dt-o(t))
T(t+dt) —T(d)
dt
Solve this classical differential equation as follows:

=T'(t) = -T(t)o(t)

T'(t) = =T(t)o(t)

bT/(t) - bU
/a 50 dt = /a (t) dt
b
= — /b o(t) dt ©)

log T'(t)




NeRF, VLM and Robotic Manipulation
LNeural Radiance Field & Feature Field Distillation
LNeural Radiance Field

Homogeneous Media

m constant c,, o, over a ray segment [a, b]

b
Cla - b) :/ T(a— 1) - o(t) - o(t) dt

b
=04-C / T(a—t)dt

=04 Cq /az exp(— /ata(u) du) dt @)
=04 ca/ exp(—og(t —a)) dt

‘ exp(—og(t —a)) b

—0q

=04 Cq

a

=c,- (1 - eXp(—O'a(b - a))
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Transmittance Is Multiplicative
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Transmittance for Piecewise Constant Data

m Given: {[tiati-i—l]}i]ils t1 =0, (5, = ti+1 — 1

m Constant: o;

T, = T(t) = T(0 = #) = exp < _ /Oti o(t) dt)

i—1
= exp ( —Uj5j>
j=1

Jj=
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Volume Rendering of Piecewise Constant Data

tit1
Cltns1) = /t T(t) o5 - ¢ di
i=1""
N tit1
:Z/ T(O—)ti)-T(ti—)t)-Ui-Cidt
i=1 "t

N tit1
= ZT(O N ti)/ T(t;i —t)-0;-¢c;dt  constant
i=1 ti

= ZT(O — t;) - (1 —exp(—0i(tiv1 —t;))) -c;  from (7)
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Volume Rendering from NeRF

where
i—1
= exp _ZUJ , 0=ty —t
j=1
re-express.
tN+1 ZT Q; - Cj (11)
where



NeRF, VLM and Robotic Manipulation
LNeural Radiance Field & Feature Field Distillation
LNeural Radiance Field

Volume Rendering in Practice

nerf demo

# Run network

pts_flat = tf.reshape(pts, [-1,3])
pts_flat = embed_fn(pts_flat)

raw = batchify(network_fn) (pts_flat)

raw = tf.reshape(raw, list(pts.shapel:-1]) + [4])
# Compute opacities and colors

sigma_a = tf.nn.relu(rawl[...,3])

rgb = tf.math.sigmoid(raw[...,:3])

# Do volume rendering

dists = tf.concat([z_vals[..., 1:] - z_vals[..., :-1], tf.broadcast_to([1le1@], z_vals[...,:1].shape)], -1)
alpha = 1.-tf.exp(-sigma_a * dists)

weights = alpha * tf.math.cumprod(1.-alpha + 1le-10, -1, exclusive=True)

rgb_map = tf.reduce_sum(weights[...,Nonel * rgb, -2)
depth_map = tf.reduce_sum(weights * z_vals, -1)
acc_map = tf.reduce_sum(weights, -1)


https://drive.google.com/file/d/16jNHcA3rl36TGQBLrNgWD0S0agChX7Uj/view?usp=sharing
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NeRF Core Optimization Loop

with tf.GradientTape() as tape:
# Make predictions for color, disparity, accumulated opacity.
rgb, disp, acc, extras = render(
H, W, focal, chunk=args.chunk, rays=batch_rays,
verbose=i < 10, retraw=True, **render_kwargs_train)
# Compute MSE loss between predicted and true RGB.
img_loss = img2mse(rgbh, target_s)
trans = extras['raw'][..., -1]
loss = img_loss
psnr = mse2psnr(img_loss) # peak signal to noise ratio
# Add MSE loss for coarse-grained model
if 'rgbB' in extras:
img_loss® = img2mse(extras['rgb0'], target_s)
loss += img_lossO
psnr@ = mse2psnr(img_loss0)

gradients = tape.gradient(loss, grad_vars)
optimizer.apply_gradients(zip(gradients, grad_vars))
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How Did NeRF and VLMs Get Married?

Decomposing NeRF for Editing
via Feature Field Distillation®

m Editing a scene represented by a NeRF is challenging
m Semantic scene decomposition? 3D feature field

m Distill the knowledge of VLMs

2NeurlPS 2022


https://pfnet-research.github.io/distilled-feature-fields/
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Distilled Feature Field

m Maps from (x,d) to (c(x,d), o(x), f(x))
m Volume Rendering

K
F(r) = T(ty)a(ondr)f(xk) (12)
k=1
m Loss
L:Lp-i-)\Lf
2
L, = C(r)-C
p % (r) — C(r) ) (13)

F(r) — fing(I,7)

Ly=)Y_

reR

1



NeRF, VLM and Robotic Manipulation
LNeural Radiance Field & Feature Field Distillation
LDistilled Feature Field

Feature Field Distillation

volume  minimize
dering, difference
fimg (1,7)

Training Decomposition  query

d x
o(x) f(x) f4(1)
D) NXp(x) 4

_ e(E(f(0)")
> ver exp(f(x)fg (1))

p(/[x)
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Pseudo Code for MaskCLIP

Extract Free Dense Labels from CLIP3

Algorithm 1 Image Feature (Original) Algorithm 2 Dense Features (MaskCLIP 11)
| def forward(x):
2 q, k, v = W_gkv @ self.ln_1(x) 1 def forward(x):
3 v = (ql:1] * k).softmax(dim=-1) * v 2 v =W_v @ self.ln_1(x)
4 X =x + W_out @ v 3 z = W_out @ v
5 x =x + self.mlp(self.1ln_2(x)) 4 return z[1:] # all but the CLS token
6 return x[:1] # the CLS token

SECCV 2022


https://drive.google.com/file/d/1zicsA_Pcbe2uE2iUVWWgP96fRLX6GMSJ/view?usp=sharing
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CLIP for Patch-level Feature

def forward_v(self, x: torch.Tensor):
Forward function for computing the value features for dense prediction
(i.e., features for every image patch).
v_in_proj_weight = self.attn.in_proj_weight[-self.attn.embed_dim:]
v_in_proj_bias = self.attn.in_proj_bias[-self.attn.embed_dim:]
# raw_images [3, 3, 336, 597], patch_size: 14, tokenized [3, 24, 42, embed_dim]
v_in = F.linear(self.ln_1(x), v_in_proj_weight, v_in_proj_bias)
v_out = F.linear(v_in, self.attn.out_proj.weight, self.attn.out_proj.bias)
return v_out # pz note: [1009, 3, 1024] , 1009 = 24 * 42 + 1
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Pixel, Ray and Patch

m Sample pixels then generate ray*

def next_train(self, step: int) -> Tuple[RayBundle, Dict]:
"""Returns the next batch of data from the train dataloader.™""
self.train_count += 1
image_batch = next(self.iter_train_image_dataloader)
assert self.train_pixel_sampler is not None
assert isinstance(image_batch, dict)
batch = self.train_pixel_sampler.sample(image_batch)
ray_indices = batch["indices"]
ray_bundle = self.train_ray_generator(ray_indices)

return ray_bundle, batch

*nerfstudio


https://github.com/nerfstudio-project/nerfstudio
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Pixel, Ray and Patch

m From pixel index to patch index

def next_train(self, step: int) -> Tuple[RayBundle, Dict]:
"""Nearest neighbor interpolation of features"""
ray_bundle, batch = super().next_train(step)
ray_indices = batch["indices"]
camera_idx = ray_indices[:, 0]
y_idx = (ray_indices[:, 1] * self.scale_h).long()
x_idx = (ray_indices[:, 2] * self.scale_w).long()
batch["feature"] = self.train_features[camera_idx, y_idx, x_idx]
# (4096, 768) === (N_rays, feature_dim)
return ray_bundle, batch
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Bridge 2D-t0-3D Gap for Robotic Manipulation

Distilled Feature Fields Enable Few-Shot
Language-Guided Manipulation °

m DFFs: 3D geometry + rich semantics from 2D VLMs
m 6-DOF grasp or palce pose: T = (R, t)

m Few-shot manipulation: < {I},T* >, {I}¥,

m Open-text language-guided manipulation: L+, L~

5CoRL 2023 - Best Paper
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Transformation Explained

m SE(3): Special Euclidean group in 3 dimensions

m Rotation matrix example

1 0 0
R;(0) = |0 cosf —sinf
0 sinf cos@
m Translation

(a,b,c)

(x,y,2) = (r+a,y+bz+c)


https://math.stackexchange.com/questions/1799191/the-physical-significance-of-the-lie-algebra-of-se3
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Representing 6-DOF Poses with Feature Fields

m Approximate local 3D feature field via query points
X ={xeR%}y,
m «a-weighted features
fa(x) = a(x) - £(x), a(x) = 1 — exp(~o(x) - §)
m Demo pose T representation: sample and concatenate

{f,(x) | x € TX}, zp € RVl
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A More Concrete View

. samplin t av
query points * 5" features “*5* demo embed 25 task embed

Features at Query Points Task Embedding
h Demo Embeddings
> Z
M

z, 2z, h

\\\ )} \\ conclal /

}\ Query Points | n

] ‘\ / ]
6 DOF Gripper Pose L

(a) Collect Demonstrations in VR (b) Sample Feature Vectors (c) Average Over n Demos

Example Object
Feature Field
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Inferring 6-DOF Poses

m Coarse pre-filtering
B geometric: a(v) < epee = 0.1
m semantic: cos(f,(v), Zar) < €rask
m Pose optimization
T ={T}
Ypose(T) = —cos(zr, Znr) (15)
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Open-Text Language-Guided Manipulation

m Retrieving relevant demonstrations
cos(q,Fg), q=embgp(LT)
m Initializing grasp proposals

q; =embcp(L; ) i€ {i,---,n}

m Language-guided grasp pose optimization

Giang (T) = Meanser.r [q® fa<x>] Goose(T)  (16)


https://drive.google.com/file/d/1119DvR6xRqJo1VuD_tCFA1AB5N8FLjxb/view?usp=sharing
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Pipeline for Language-Guided Manipulation

Pick up the Bowl EIcKOi DS {\‘
)
o cuep e
T //1\
. H /
—= ; -+ ; Text Features =
from CLIP W
—argmax RE QB oo QXm } ¢ q
LK} LK) .

Features at Query Points

Selected Demo «:'J

Qs

(a) Retrieving Demonstrations

[} minimize

A\(.rdj,c over xe TA Selected  Z
Demo

(b) Language-Guided Pose Optimization
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F3RM Overview

m Collecting multiple images of the scene

m Train a feature field
m Optimize grasp poses using language query and execute

3D Feature Field 9
Extract Dense ‘ - o
2D Features
- ! )a
& L
-

&
k
¥

3. Language-Guided Manipulation

1.Scan Scene 2. Distill Features


https://drive.google.com/file/d/16I_erzdvtsJQ-ka_GD5GbjEURngwhucl/view?usp=drive_link
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Limitations

m Vision-language models may behave like bag-of-words [1]

m No incentives for model to learn compositional relations
between objects.

m Lack of higher-level scene representation[2]
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Limitations: Example

Similarity to language query "teddy bear"

frame 1.png frame 2.png frame 3.png
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Limitations: Example

Similarity to language query "mug that is next to teddy bear"

frame 1.png frame 2.png

frame 3.png
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Follow-up Questions

m Scene representation at different level [2]?
m Better scene understanding? Scene graph?
m Imitation or reinforcement learning?

m Datasets and experimental environment?



https://robotics-transformer-x.github.io/
https://colab.research.google.com/drive/16ODBl_jRJwPwdFETNjbZHZZQo-jhp06L?usp=sharing
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3D Scene Graph: A High-level Representation [3]

Buildings
Rooms
Places ©

Objects
and
Agents

Metric-Semantic
3D Mesh
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Simulation Environment

m Available Physics Engine

m MuJoCo (Multi-Joint dynamics with Contact)
m MetaWorld
m PyBullet

m Demo


https://mujoco.readthedocs.io/en/stable/overview.html
https://meta-world.github.io/
https://pybullet.org/wordpress/
https://drive.google.com/file/d/1D98ngXkfPZCbqrpEQnVG_UYb-vlFt2bk/view?usp=drive_link
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Thank you very much!
Q&A
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