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What is Extended Reality?

https://www.youtube.com/watch?v=m_099lJb- 4



Motivation

Evolution of the Desk
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Motivation: Extended Reality
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Motivation

Entertainment Operator Training Retail
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How does it work?

Example: The Graffter - Urban Mixed Reality
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How does it work?

Dovelopment Build

We need to know the geometric transformation between the image and the facade

IAGO SUAREZ - EXTENDED REALITY: TOWARDS SPATIAL INTELLIGENCE




it work?

How does

<
<€O0IWZFWO MO JOOW
A

o

—3<0w F<a0ur

IAGO SUAREZ - EXTENDED REALITY: TOWARDS SPATIAL INTELLIGENCE



How does it work?
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1. Computer Vision 2. Computer Graphics
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Computer Vision?

Augmented & Virtual Reality Robotics

3D Reconstruction Face Apps
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Computer
Vision (CV)
inside Al
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Let’s review three different examples

QR / ARUCO Marker-less Real life (SLAM)
Target




Let’s review three different examples

QR / ARUCO Marker-less Real life (SLAM)
Target




What is an image?
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QR / ARUCO Detection
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Mastering OpenCV with Practical Computer Vision Projects
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https://github.com/MasteringOpenCV/code

QR / ARUCO Detection

Image Binarization Contour Detection Contour Selection

Mastering OpenCV with Practical Computer Vision Projects



https://github.com/MasteringOpenCV/code

QR / ARUCO Detection

Image Binarization Contour Detection Contour Selection

Image warping |dentification

| AN iy
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https://github.com/MasteringOpenCV/code

4Q AR With QR-like Pattern ® bookker




Let’s review three different examples

QR / ARUCO Marker-less Real life (SLAM)
Target




Marker-less Target

What points do we want to use?
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cv.goodFeaturesToTrack()

Feature Detection and Description - OpenCV
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https://docs.opencv.org/3.4/db/d27/tutorial_py_table_of_contents_feature2d.html
https://docs.opencv.org/3.4/dd/d1a/group__imgproc__feature.html#ga1d6bb77486c8f92d79c8793ad995d541

|dentifying Corners/Blobs: SIFT

= SIFT (Lowe, 1999) is the most widely used descriptor:

Image gradients

23



|dentifying Corners/Blobs: SIFT

= Uses the histograms of gradients in a fixed grid:

Image gradients
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Feature Matching

Reference Image

<4pV4P-CA V2
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REINER
KNiZiA

Feature Matching

Reference Image

Descriptor
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Feature Matching

Reference Image
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Query Image




Feature Matching

Reference Image

Correct Match Query Image
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Robust Estimation: RANSAC
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Robust Estimation: RANSAC
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Robust Estimation: RANSAC

Mastering OpenCV with Practical Computer Vision Projects
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https://github.com/MasteringOpenCV/code

M X0/

%@ Example: Time Trip Toralla
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https://xoia.es/



https://xoia.es/

Let’s review three different examples

QR / ARUCO Marker-less Real life (SLAM)
Target




SLAM: Simultaneous Localization And Mapping
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https://github.com/UZ-SLAMLab/ORB_SLAM3
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SLAM: Simultaneous Localization And Mapping

. . . TRACKING
There is three main components:
Initial Pose Estimation
Extract |, Track New KeyFrame
; Frame |=»+ from last frame or ol
¢ Tracklng ORB I Relocalisation Local Map Decision
. : |
¢ Mappmg Map Initialization MAP KeyFrame
. i MapPoints e
Loop Closing ;Eﬁgzmmom KeyFrame || Q
Insertion e
" r
Vlstl:a: Recent =
Vocabula MapPoint
2 Covisibility Culling ||
Recoghition Graph g
Database Spanning New Points || &
Tree Creation
Loop Correction Loop Detection Local BA
Obtimi Local
E plimize Loop Compute || Candidates KeyFrames
ssential . . ; 8 .
G Fusion [i| Sim3 Detection Culling
raph Ij

LOOP CLOSING
https://github.com/UZ-SLAMLab/ORB_SLAM3
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SLAM: Simultaneous Localization And Mapping

. . TRACKING
There is three main components:
Initial Pose Estimation
. Extract |, Track New KeyFrame
° Tracklng Frame (-» ORB I froF?; IL:‘:;J;':;E:" Local Map Decision
. ; i
¢ Mappmg Map Initialization MAP KeyFrame
° Loop Closmg PLACE KeyFrame 5
RECOGNITION Insertion g
- r
Visual Recent =
] Vocabulary —— MapPoints || >
In all steps we can use local descriptors 2 Covisibility Culling || ©
: . Recoghition Graph 2
from previous section! Database —— New Points || 2
p%lj:;ng Creation
Loop Correction Loop Detection Local BA
— Local
g ptlm::_zel Loop ﬂ Compute || Candidates KeyFrames
Zsen ‘3| Fusion [i| sim3 Detection | T Culling
raph Ij

LOOP CLOSING

https://github.com/UZ-SLAMLab/ORB_SLAM3
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Modern SLAM: Example NICE-SLAM

https://github.com/cvg/nice-slam NICE-SLAM: Neural Implicit Scalable Encoding for SLAM
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The Importance of Good Depths

5
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Neural Networks in Computer Vision




Computer Vision Evolution

*90’s: Geometry and low-level vision. Signal *00’s: Machine Learning success: Boosting, Bag of

Words
i

Conv 1: Edge+Blob Conv 3: Texture Conv 5: Object Parts Fc8: Object Classes
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How does it work?

\ \

1. Computer Vision 2. Computer Graphics
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* UV-Map
* Texture (color)

* Appearance
.mtl

TOWARDS SPATIAL INTELLIGENCE
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* Geometry
* Triangles
* Quad
* Spheres

How do we represent objects?




Computer Graphics: Geometry

Ray Tracing

For each pixel sample find the closest primitive

Very simple © Very slow ®
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Computer Graphics: Geometry

Ray Tracing

For each pixel sample find the closest
primitive

Very simple © Very slow ® Very fast ©
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Lambertian Model

light beam

light beam
—Z

cos(0)=N.L

Lambert's Cosine Law Some examples...

https://www.scratchapixel.com/lessons/3d-basic-rendering/introduction-to-shading/diffuse-lambertian-shading.html
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Phong Model

Specular Material Diffuse Material

Ambient Diffuse + Specular = Phong Reflection

3 outof 3 1 outof 3
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https://www.artstation.com/channels/textures materials

Computer Graphics: Materials

There are many ways to represent materials. Let’s keep simple:

Tutorial Displacement and Normal Maps
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https://youtu.be/akr5HKijTPs
https://www.artstation.com/channels/textures_materials

Computer Graphics: Materials

Materials can also be very complicated:
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Apha @
Hea 2 [F X Bright  1.000

Non-Color Data Commas i

Linear

i e

Repeat ot~ o

Fac: 1.000 ®  Bright 0.000
@ Contrast:0.500

Alpha Normal
& Hea 2 FIRX \ Invert
Clamp @  Strength:0.060
®  Fac 0.080 ®  Distanc: 1.000
® Colorl ® Height
¢® Color2 \ Normal

Color
Vector
Fac

Divide
Clamp
Name Eyelid S Mix

Clamp

® Value
®  \Valve:

Color ~ \ @ Fac: 0.780
Apha ® \ @ Colorl

Hea 3 F b@ X s
Non Data
Linear

Flat

Repeat
Crackle 2

Single Ir
Vector

®  Scale: 400.000 Mecior

® Roughness
Normal

Color
Alpha
B Hea'2 FIEX
r
Linear
Flat
Repeat
Single Image

Vector

&7 Hea F B X
Color

Linear

Flat

Repeat

Shader @

Random Walk
Color

Scale: 0.060
Radius

Texture Bl: 0.500
Normal

® Fac
® Shader
® Shader

BSSRDF
Random Walk
Color
Scale: 0.010
Radius

Texture Bl: 0.500
Normal

Name Caruncle

¥ Displacement
Displacement
Object Space
=@ Height
®  Midlevel: 0.500

® Scale: 0.006
Normal

® Fac
® Shader
® Shader

Shader

¥ Material Output

® Surface

® Volume
Displacement




Shaders

Small programs that run in the GPU. OpenGL Shading Language (GLSL)

* Vertex Shader -> Executed once per (triangle) vertex

attribute vec4 vertexPosition;

uniform mat4 modelMatrix;
uniform mat4 viewMatrix;
uniform mat4 projectionMatrix;

varying vecd v Color;

O

gl Position projectionMatrix * viewMatrix

varying vecd v Color;

/ The entry point for our fragment shader.

_FragColor = v _Color;

insics)

the fragment shader.

modelMatrix vertexPosition;

ctly through th
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OpenGL
ESi2.0

Programming Guide



http://www.subdude-site.com/WebPages_Local/RefInfo/Computer/Linux/LinuxGuidesOfOthers/linuxProgrammingGuides/pdfs/MobileDeviceProgramming/MOBogl_OpenGL_ES_2-0_ProgrammingGuide_2009_457pgs.pdf

Computer Graphics

Interactive Computer Graphics
University of Utah

https://www.youtube.com/playlist?list=PL
plnkTzzqsZS3R5DiMCQsqupu430S9CFN

6.837: Introduction to Computer Graphics
MIT

https://www.youtube.com/playlist?list=PL

Q3UicqQtfNuBjz)-KEWmG1yjiRMXYKhh

IAGO SUAREZ - EXTENDED REALITY: TOWARDS SPATIAL INTELLIGENCE
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https://www.youtube.com/playlist?list=PLplnkTzzqsZS3R5DjmCQsqupu43oS9CFN
https://www.youtube.com/playlist?list=PLplnkTzzqsZS3R5DjmCQsqupu43oS9CFN
https://www.youtube.com/playlist?list=PLQ3UicqQtfNuBjzJ-KEWmG1yjiRMXYKhh
https://www.youtube.com/playlist?list=PLQ3UicqQtfNuBjzJ-KEWmG1yjiRMXYKhh

Useful Tools

UNREAL
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Google Mediapipe

o —
Flamingo 95% = %

Thumbs up 63%

Object Detection Image Classification Image Segmentation Interactive Segmentation Gesture Recognition
Track and label objects in images. Identify content in images. Locate objects and create image Segment the object of interest in an Identify and recognize hand gestures.
masks with labels. image.
See demo Customize See demo Customize See demo See demo See demo Customize

Hand Landmark Detection Image Embedding Face Detection Face Landmark Detection Pose Landmark Detection
Detect hand landmarks. Convert images into embedding Detect faces in real time. Detect face landmarks and Identify key points on the body in real
vectors. blendshape scores in real time. time.
See demo See demo See demo See demo See demo
https://mediapipe-studio.webapps.google.com/demo/face landmarker https://codepen.io/Babich/pen/VwXrijvK
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https://mediapipe-studio.webapps.google.com/demo/face_landmarker
https://codepen.io/Babich/pen/VwXrjvK

AR Core Examples

augmented_image_java = app

hello_ar_java ' app
H naro .I:__: w

app

Detected Image 0

https://github.com/google-ar/arcore-android-sdk

https://developers.google.com/ar/develop/java/quickstart
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https://github.com/google-ar/arcore-android-sdk
https://developers.google.com/ar/develop/java/quickstart

Vuforia Examples

@® Model Targets
@ Area Targets

Ground Plane ' vy et i
® VUFORIA VUFORIA VUFORIA HOLOLENS 2 VUFORIA
@® Image Targets .. ENGINE SDK ‘CORE SAMPLES - 'SAMPLE N 'VFX LIBRARY

@ VuMark

@ Multi Targets

PTC VUFORIA PTC VUFORIA PTC VUFORIA PTC VUFORIA

M Instant |mag[_:l Ta rgets Vuforia Engine Vuforia Core Samples Vuforia Hololens 2 Sample Vuforia VFX Library
*kk kv (48) | @ (1586) ok dok v (272) | @ (4424) * Kk k% (48) | @ (708) (not enough s) | @ (100)

@ Cloud Recognition FREE FREE B FREE B FREE B

M Virtual Buttons

VUFORIA MAGIC LEAP 2
~ SAMPLE

PTC VUFORIA
Vuforia Magic Leap 2 Sample
(not enough ratings) I L 2w}

FREE &

https://developer.vuforia.com/downloads/samples




TOUCHPAD SETTINGS

Guest Mode Fast O
hinkReality A N Scroll Direction
Default
. : Touchpad o @
ThinkReality~ O
L+ settings
Keyboard Preferences
@ nep
Glasses Connected i) About Phone Keyboard O
AR Keyboard (O]
Developer's Settings
e Enable Developer Mode . |
Raycast (Experimental) »

Welcome

Glasses Connected

SIONIN

CONTINUE AS GUEST

https://spaces.qualcomm.com/
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https://spaces.qualcomm.com/

s XR a solved problem?
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XR: Towards Spatial Intelligence
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Embodiment provides new challenges. Example: EPIC KITCHENS https://epic-kitchens.github.io/2023
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https://epic-kitchens.github.io/2023

XR: Towards Spatial Intelligence

amazon @L_":“":E'::' Al ~ EinScan-Pro 3D Scanner

Spain

— All Today's Deals Customer Service Registry  Gift Cards  Sell

« Back to results

" M EinScan H Hybrid LED & Infrared Light Source Handheld
— Color 3D Scanner Solid Edge Shining3D Version CAD
E? ‘ Software
: Visit the EinScan Store
*ﬂ‘tj 3.8 %Wy v Sratings | 12 answered questions
7 5,199
p— $1,238.19 Shipping & Import Fees Deposit to Spain Details ~
|% Media Type UsBe
— Brand EinScan
ey
— Connectivity Technology USE
' Item Weight 703 Grams

Light Source Type LED
e Minimum System Windows 7
Requirements
Simple and Realistic Object Capture https://developer.apple.com/augmented-reality/object-capture/
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XR: Towards Spatial Intelligence

VMAP: Vectorised Object Mapping
for Neural Field SLAM

Xin Kong Shikun Liu  Marwan Taher Andrew Davison

CVPR 2023

3D object detection in real-time SLAM https://kxhit.github.io/vMAP
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XR: Towards Spatial Intelligence
Text queries| |

Generalizing to new concepts: OpenScene https://pengsongyou.github.io/openscene
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