DeepRob Discussion 3
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Session Agenda

e Running Locally
e NVidia NeRF Demo



Discussion Learning Objectives

e Environment Setup

o Coding Environment
o Required Libraries
o Verify Operation

e Preliminary review of results

o Demonstration Output
o  Submit for Points



Coding Environment

e Microsoft VS Code

o Available at Visual Studio Code - Code Editing. Redefined



https://code.visualstudio.com/

Coding Environment

e Add PATH Variables!
e Add Context Menus
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Project File Requisition

Project 2 | DeepRob: Deep
L earning for Robot Perception

ROB 498-004/599-004 Project 2-1: Two Layer Neural

e Drag notebook fllesto [iakih

Before we start, please put your name and UMID in following format

VS C O d e : Firstname LASTNAME, #00000000 // e.g.) Anthony OPIPARI, #12345678

Your Answer:
Raphael ALLUSSON, #40680860

Setup Code



https://drive.google.com/drive/folders/1PfCFjWRao86fbgx1mQ_NR9dKyihO46yv?usp=drive_link
https://drive.google.com/drive/folders/1PfCFjWRao86fbgx1mQ_NR9dKyihO46yv?usp=drive_link

Install Python/Jupyter Extension

Should pop-up when opening notebook

< Select Kernel

an: | frype to choose a kernel source
® Install/Enable suggested extensions Python + Jupyter
b Browse marketplace for kernel extensions

Select Kernel

May need to select kernel manually
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Select Python Environment

Man:
= Python 3.10.7 c\Program Files\Python310\python.exe - Currently Selected

Select Another Kernel...
d_r 5 b > 0B 00 y-Conne et nd Dropout > M# Setup

B python 3.10.7

May need to install python extension for
VS Code e —
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Trust the Workspace

Select Trust Workspace & Continue

Do you trust the authors of the files in this
workspace?

Executing a notebook cell will run code from this workspace.

If you don't trust the authors of these files, we do not recommend
continuing as the files may be malicious. See our docs to learn more.

Trust Workspace & Continue Manage Cancel




Install Kernel Package

Select Install

Visual Studio Cede X

0 Running cells with 'Python 3.10.7' requires the ipykernel package.

[ Install ] Change Kernel
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Skip Colab Specific Cells

This is not a problem

drive.mount( ' /content/drive")

0.1s

Traceback (most recent call last)

: No module named ‘google.colab’
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Setup Project Path

Replace google drive path with local file path

GOOGLE_DRIVE_PATH AFTER_MYDRIVE = r'C:\Users\allusson\Downloads\P2
GOOGLE_DRIVE_PATH = os.path.join( drive'; "My DBri

ive, GOOGLE DRIVE PATH AFTER MYDRIVE)

print(os.listdir(GOOGLE DRIVE_PATH))

Copy path
Delete ('drive’, ‘My Drive’) from os.path.join()



Bypass Timezones

os.environ["TZ"] =




Start Installing Packages

: No module named ‘torch’
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Start Installing Packages

v P1
__pycache__
> Progress-Objects-Sample
rob599
# knn.ipynb

£ requirements.ixt
--extra-index-url http

hvision

# knn.py

@ linear_classifier.ipynb 5  matplotlib

® linear_classifier.py
Progress-Objects-Sample.tar.gz

requirements.ixt
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Start Installing Packages

Install Packages from Terminal

e Edit Selection View Go Run Terminal Help

EXTENSIONS: MARKETPLACE New Terminal

@exe:"wsl"
Run Task... 'O Restart
Run Build Task... Ctrl+Shift+B

Run Active File io_layer _net.ipynb’,

Run Selected Text

Configure Tasks... MYDRIVE =

Configure Default Build Task...

— = path.join(GOOGLE_DRIVE_PA
print(os.listdir(GOOGLE_DRIVE_PATH))
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Start Installing Packages

Run in terminal:

TERMINAL S UPYTER el A +v @ W -

. . . . PS C:\Users\allusson\Downloads\P1> pip install requirements.txt
pl p Insta" _r req u I rements tXt __no_CaChe_d I r Downloading https://download. pytorch.org/whl/cu126/torch-2.10.6%2Bcu126-cp310-cp310-win_amd64.whl (2589.8 MB)
. 0:00:22
Downloading https://download.pytorch.org/whl/cu126/torchvision-@.25.@8%2Bcu126-cp310-cp310-win_amd64.whl (8.2 MB)
- 0:00:00
Downloading gdown-5.2.1-py3-none-any.whl (18 kB)
Downloading matplotlib-3.10.8-cp310-cp310-win_amd64.whl (8.1 MB)
c = 0:00:00
Installing collected packages: torch, matplotlib, torchvision, gdown
[torch] WARNING: The scripts torchfrtrace.exe and torchrun.exe are installed in 'C:\Use
rs\allusson\AppData\Roaming\Python\Python310\Scripts’ which is not on PATH.
Consider adding this directory to PATH or, if you prefer to suppress this warning, use --no-warn-script-location.
[torchvision] WARNING: The script gdown.exe is installed in 'C:\Users\allusson\AppData\
Roaming\Python\Python310\Scripts® which is not on PATH.
Consider adding this directory to PATH or, if you prefer to suppress this warning, use --no-warn-script-location.
Successfully installed gdown-5.2.1 matplotlib-3.10.8 torch-2.10.0+cul26 torchvision-.25.8+cul26
PS C:\Users\allusson\Downloads\P1> [
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Start Installing Packages

Torch is from pytorch.org

PyTorch Build Stable (2.6.0)

LibTorch Source

C++ [ Java

Com Platform Sk CUDA
Comp latform
npute Platforr 118 2 126

pip3 install torch torchvision torchaudio --index-url https://download.pyt

un this Command: rwhi / ;
Run this Command: orch.oxrg/whl/cul26
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Start Installing Packages

Install Packages from Terminal

TERMINAL

PS C:\Users\ccolony> pip3 install torch torchvision torchaudio --i https://download.pytorch.org/whl/cul26
Defaulting to user installation because normal site-packages is not writeable

Looking in indexes: https://download.pytorch.org/whl/cul26

Collecting torch

Downloading https://download.pytorch.org/whl/cul26/torch-2.6.0%2Bcul126-cp310-cp310-win_amd64.whl (2496.1 MB)
1.1/2.5 GB eta 0:00:1
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Start Installing Packages

Torch Complete

Collecting MarkupSafe>=2.0
Downloading https://download.pytorch.org/whl/MarkupSafe-2.1.5-cp318-cp310-win_amd64.whl (17 kB)
Installing collected packages: mpmath, sympy, pillow, numpy, networkx, MarkupSafe, fsspec, filelock, jinja2, torch, torchvision, torchaudio
WARNING: The script isympy.exe is installed in 'C:\Users\ccolony\AppData\Roaming\Python\Python310\Scripts"' which is not on PATH.
Consider adding this directory to PATH or, if you prefer to suppress this warning, use --no-warn-script-location.
WARNING: The scripts f2py.exe and numpy-config.exe are installed in 'C:\Users\ccolony\AppData\Roaming\Python\Python310\Scripts’ which is not on PATH.

Consider adding this directory to PATH or, if you prefer to suppress this warning, use --no-warn-script-location.

WARNING: The scripts torchfrtrace.exe and torchrun.exe are installed in 'C:\Users\ccolony\AppData\Roaming\Python\Python31@\Scripts' which is not on PATH.

Consider adding this directory to PATH or, if you prefer to suppress this warning, use --no-warn-script-location.
Successfully installed MarkupSafe-2.1.5 filelock-3.13.1 fsspec-2024.6.1 jinja2-3.1.4 mpmath-1.3.@ networkx-3.3 numpy-2.1.2 pillow-11.0.0 sympy-1.13.1 torch-2.6.0+cul26 torchaudio-2.6.0+cu126 torch
ision-0.21.0+cul26

WARNING: There was an error checking the latest version of pip.
PS C:\Users\ccolony> D
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Start Installing Packages

Matplotlib: matplotlib - PyPI

File c:\Users\ccolony\Downloads\P2\P2\rob599\
from . import data, grad, submit
2 from .solver import Solver

import matplotlib.pyplot as plt
> import torch
6 import torchvision

: No module named ‘matplotlib’

Output is truncated. View as a scrollable element or open in a text editor. Adjust cell output settings...



https://pypi.org/project/matplotlib/
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Start Installing Packages

Run in terminal

Successtully installed MarkupSate-2.1.5 filelock-3.13
ision-0.21.06+cul26
WARNING: There was an error checking the latest versi

PS C:\Users\ccolony> pip install matplotlibl
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Start Installing Packages

Run in terminal

gdown 5.2.0

Successfully installed contourpy-1.3.1 cycler-0.12.1 fonttools-4.55.8 kiwiso

[ ] A new release of pip avallable -> 25.0
[ ] To update, run: the ip install
PS C:\Users\ccolony> pip 1nsta11 gdowrl
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Start Coding!
Can Split Like Colab

C: > Users > ccolony > Downloads > P2 > P2 > @ fully_connected_networks.ipynb > Mé RelU activation C: > Users > ccolony > Downloads > P2 > P2 > % fully_connected_networks.py
+ Code + Markdown | [> RunAll O Restart = Clear All Outputs == B python 3.10.7 i
correct_out = torch.tensor([[1.49834984, 1.70660150, 1.91485316],

[3.25553226, 3.51413301, 3.77273372]]
) -double().cuda()

g Linear.forward function:")

', rob599.grad.rel_error(out, correct_out))

x.reshape(x.shape[@], -1).mm(w) + b

Testing Linear.forward function:
difference: 3.6830429120909964e-08

cache = (x, w, b)




Discussion Learning Objectives

e Environment Setup

o Coding Environment
o Required Libraries
o Verify Operation

e NVIDIA NeRF Demo

o Understand Neural Radiance Fields
o Examine Instant-NGP contribution
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Neural Radiance Fields - (NeRF)

e Static scene — Continuous 5D Function

o Inputs: 3D location (x, y, z) + 2D viewing angle (8, ¢)
o Outputs: Color (r, g, b) + Volume Density (o)

5D Input Output
Position + Direction Color + Density

(x,2,60.¢) —>D[I[|—> RG Bo
l(.n' 1

R N
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Neural Radiance Fields - (NeRF)

e Ray tracing for volume rendering

C(r) = /tf T(t)o(r(t))c(r(t),d)dt, where T'(t) = exp(— /t ” a(r(s))ds) . I‘(t) =o0+td

e Numerical Estimation

o Sampled from N points along ray

N 1—1
C(r) = Z'Ti(l — exp(—o0;0;))c; , where T; = exp (— Z UJ-()“,-) ;

i=1 j=1
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Neural Radiance Fields - Optimization

e Total Squared Error Loss

Volume Rendering
X o A 9 Rendering Loss
£=Y"|[[¢ctr) - e +]|¢s) - cw)|
27:2[ ) - |+ ) - o) RSN
_gt
e Positional Encoding 0 wwr S
o Fixes blurry rendering due to low-frequency bias ' 7
Ray I

v(p) = (sin(QOTrp), 003(207(‘1)), hw Sill(QL_lﬂ'p), COS(QL_lﬂ'p)) (c) (d)
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Instant NGP

Multiresolution Hash Encoding: Stores
scene details in learnable lookup table rather
than a deep network
Tiny MLP: Uses a small, lightweight neural
network to simply interpret features instead of
memorizing geometry.
Drastically reduced training: 1-2 days —
5-15 seconds

o Runs on consumer GPU

L=2 b=

1.5

(1) Hashing of voxel vertices

B N N
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(2) Lookup  (3) Linear interpolation  (4) Concatenation

«
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000000:
000000
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|

(5) Neural network
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VR NVIDIA NeRF Demo

[IJ README  Z[® License

GitHub Repo: instant-ngp ¢ Instant Neural Graphics Primitives o« =@

O Platform ~ Solutions v Resources v

Ever wanted to train a NeRF model of a fox in under 5 seconds? Or fly around a scene captured from photos of a

factory robot? Of course you have!



VR NVIDIA NeRF Demo

Download for Instant NGP Demo
(4000 Series)

Installation

If you have Windows, download one of the following releases corresponding to your graphics card and extract it.
Then, start instant-ngp.exe .



https://github.com/NVlabs/instant-ngp/releases/download/continuous/Instant-NGP-for-RTX-3000-and-4000.zip
https://github.com/NVlabs/instant-ngp/releases/download/continuous/Instant-NGP-for-RTX-3000-and-4000.zip
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VR NVIDIA NeRF Demo

Extract .zip files

AL

Extract Compressed (Zipped) Folders

Downloads > demo > Search demo

TN sort v v Extract all . (B Details . " "
Select a Destination and Extract Files

Name Date modified

A Home

< Last week Files will be extracted to this folder:
&) Gallery

Instant-NGP-for-RTX-3000-and-4000 : Co . TBABK
& OneDrive o ot an DRI C:\Users\allusson\Downloads\demo| Browse...
[ Instant-NGF © ED W ilefol
cut Copy  Rename  Share  Delete

B Documents # Show extracted files when complete
Open Enter

| Downloads #

o Open with
X Pictures g
Open in new tab
Open in new window
Send to My Phone
Share with

Extract All...

¥ This PC :
AL Pin to Start

> ®8 Network

7 Add to Favorites

Linux
> A Linux Compress to... %

2items | 1item selected Copy as path ClrlshiftsC ‘ Extract Cancel

Properties Alt+Enter
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VR NVIDIA NeRF Demo

e Open a windows terminal
e Navigate to \Instant-NGP-for-RTX-3000-and-4000\

e Run instant-ngp model

PS C:\Users\allusson\Downloads> cd .\demo\Instant-NGP-for-RTX-3008-and-4000\
PS C:\Users\allusson\Downloads\demo\Instant-NGP-for-RTX-30ee-and-4000> ||

instant-ngp$ ./instant-ngp data/nerf/fox
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VR NVIDIA NeRF Demo

e Open Meta Horizon Lin

& @ Apps  Documents  Settings People  Folders  Photos >

Application

Meta Horizon Link
App

Documents Meta Horizon L
App

B metadata - in extensi

B metadata - in component_crx_cache

B met

Websites

Open

Run as administrator
Run as different user
Open file location
Meta Horizon Link Support
Pin to Start

Folders Pin to taskbar

(&)
]
a
(]
bd
bd
@

BB _metadata - in 2022152.0 Uninstall
I _metadata - in 2025.7.240
B _metadata - in 2023.330.1305

B _metadata-in4

W _metadata - in 20260105.1




VR NVIDIA NeRF Demo

e Log into or create a Meta Account
e Continue with setup

e Connection through USB-C cable




VR NVIDIA NeRF Demo

Navigate to devices




VR NVIDIA NeRF Demo

e Put on Quest Pro Headset J"‘\

N_/
N7 \

e Enable link if prompted using
handheld remotes

Adjust size as needed



VR NVIDIA NeRF Demo

Locate Desktop Icon and select it to
see desktop screen

—
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VR NVIDIA NeRF Demo

Y instant-ngp

Frame: 7
Connect to VR headset -
¥ Training

SEop Eraining Reset training + encoding + network rand levels

per-image latents

0, Bakt
dB), Elap

loss graph

> NeRF training options

May need to enable permissions in settings (General) RN eRE g

Foveated rende

¥Sync
Unknown sources

Allow apps that have not been reviewed by Meta to run. Learn more.




