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Social Street View: Blending Immersive Street Views
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But why is social media so popular?
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Behavior Research Methods, Instrumens, & Computers
1999, 31 4). 557-564

Immersjye virtual énvironment technology
as a basic reésearch too] in psychology

JACK M. LOOMIS ang JAMES J. BLASCOVI(‘H
Univers; Y of Californ ia, Santa Bq rbara, Californiq

and

ANDREW (. BEALL
Massarlzusv[!.‘»' Institute of Tech nology, Ca mbridge, Massach, usetts

Immersive virtual environment (IVE) technology has great Promise as a o) for basjc €Xperimenta)
research in Psychology. [VE technology gives participants the €Xperience of being Surrounded by the
cumpuler»synthesizod environment, We begin with 4 discussion of the various devices needed to im.-
plement immersiye virtual envimnmenxs‘ in('luding object Manipulation and social interaction, We re-
view the benefits anq drawbacks associated with virtual environment technology, in Comparison with,
more conventiona] Ways of doing basic €Xperimenta] research. We then consider 3 variety of examples
of research using IVE technology in the areas of Pberception, spatig] cognition, and social interaction,

Human hislory records a Progression of artifacts for (Virtual reality js widely used ag an alternative term, but
representing and recreating aspects of externg) reality, we prefer VE) Ap immersive virtual environment (IVE)
ranging from language. drawings, and sculpture jn earlier  jsone in which the user is perceptually Surrounded by the
times to the more modern artifacts ol’phmographs. Mmovies, VE. Ivan Sutherland ( 1965), one ofthe originators of 3-D
television, angd audio recordings. Rclalivcly recently, the Computer graphics, Was the first person to conceive anqd
digital Computer and jtg associated technologjes, includ- build an immersijve VD system. For the history of IVEs,
ing !hree~dimcnsional (3-D) graphics, have given rise o see Elljs (1995), Kalawsky (1993 ). and Rheingold (1991).
increasingly realistic artifacts that blur the distinction pe. There are tweo usual implememations ofan IVE. The
tween reality and jis representation (Ellis, 1995). first of these involves Placing multiple Projection screens

The ultimate representationa| System would afjow the and loudspeakers around the user, A Popular design is the
observer to interact “naturally” witp objects and other in- CAVE (Cruz-Neira, Sandin, & DeFantinj, 1993), which
dividuals within a simulated environment or “world,” an involves bauk-projccling the COmputer-generated visual
€Xperience indistinguishahlc from “normal reality” A|- imagery onto the translucent walls, floor, and ceiling of
though such 5 representationa| System might conceivably , moderately sjzeq cubical room, in which the user is free
use direct brajp stimulation ip the future, j¢ will more o move; shutter glasses provide Stereoscopic stimula-
likely use digita”y controlled displays that stimulate the tion, so that one sees the VE ot as projections on the

uman sensory organs, the natyra| conduits to the brain.  room surfaces, but a5 solid 3-p Structures within ang or

Displays of this type, referred to ag virtual displays outside of the cybe. The second and more common imple-
(VDs), although far from ideal, exist today, Fo”owing the  mentation ofan [VE involves the use of a head-mounteq
tcrminology of others (e.g., Durlach & Mavor, 1995; Stan- display (HMD), used in conjunction with acomputer and
ney & Salvendy, 1998), we refer to the corresponding en- head tracker (Barfielq & Furness, 1995: Biocea & De-
vironment represented and Stored in the Computer and laney, 1995; Burdea & Coiffett, 1994; Durlach & Mavor,
€xperienced by the user as a virtyal environmen; (VE). 1995; Kalawsky. 1993). The head tracker measures the
Virtual environmeny technology ( VET) refers inclusivc!y changing position and orientation of the user’ head within
both to VDg andto the VEs o Created, including VEg Pro- the physica| cnvironment information that is communj.
duced by using conventiona] desktop Ccomputer displays. cated to the rendering computer, which has stored within

ita3.-p representation of the simulated environmeny

——— ——— - (Meyer, Applewhite, & Biocca, 1992). A¢ any given mo.-

aveh the Support of Grany NOQ””'%'\"USH from the Office of ment, the compyter generates and outpus the visual and
Naval Research (to JM.L.) and National Science Foundation Grants . 2 » 5 X .

SBR 9872084 (10 1 1B, gy SBR 9873432 (t0 IM.L.. ang JJB). and  auditory ‘magery to the user’s Hmpy from a perspectiye

with additiona| support from (hu('nncr.nly of California, Santa Barbarg, that js based on the position and oricn!:llion of the user’s

the authors have developed several immersjye Virtual displays, yse of head. The HMD consists of earphones and v ideo dis-

i ; e 2 plays attacheq {0 a support Worn on the heag: the video
Florence Gaunet and Patrick Pérych for comments o an earlier version '

of the article. Correspondence concerning this articje should be aq. fSP'ﬂy compgnenl Is based on cathode ray tube (CRT)
dressed 1o J. M Loomis, Dcpurlmcmnl’i’s)chnh}gy. University of Ca). dlSp]a_VS. “qu'f’ crystal d'SP"X.Y'5- or laser-based retinal
ifornia, Santa Barbara, CA 93104 (e-mail: loomis@psych,yesh, edu) Scanners (Barfield. Hendrix, Bjorneseth. Kacznmrck. &

557 Copyright 1999 Psychonomic Society, Inc.
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Related Work

Visualization of Geo-tagged Information

Very little work has been carried out in
designing immersive interfaces that interleave
visual navigation of our surroundings
with social media content
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TwitterStand: News in Tweets

Sankaranarayanan et al. SIGGIS 2009
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‘izat‘on PhotaSiand enables the use of g map query interface to retrieve
Sua news photos associated with news articles that are in turn asso-
ciated with the principal locations that they mention colleeted
845 a resull of monitaring {he cutput of aver 10,000 XSS news
feeds, made available within minutes of publication, and stared
ina PostgreSQL database. The news photos are ranked accord-
ing to their relevance (o the clusters of news art icles associated
with locations at which they are displayed. This work differs
from traditional work

in this field as the associated locations
Abstrad and tapics (by virtue of the cluster with which the articles
In the 1a3 containing the news photos are associated) are generated ay-
dj verona photo sh tomatically without any human interventjon such as tagping,
to index and that photos are retrieved by location instead of just by
intuitive keyword as is the case for many exist ing systems. In addit iom,
the pict the elusters provide fltering st ep for detecting near-duplicate
set of § news photos,
locateq L. INTRODUCTION
md_'cab A demo s presented of PhotoStand ({see also the related
This NewsStand |9, 17,21, 29], TwitterStand [6,24], and STEW-
and ARD [12] systems) which is an example application of a general
datay framework we are developing for retrieving multimedis data
{e.g., text, images, videns) using a map query interface from
Ke a database of pews articles, photos, and videos (i.e,, by lo-
ln'q cation in real-time whiok 400 . . o

PhotoStand: A Map Query Interface for aD
Photos:

Marco D. Adelfio

Center for Automation Research,
nt of Computer Scig
College Park, M

thjs, marco, brendan, codepoet,

atabase of News

Brendan C. Fruin

karanarayanan
Institute for Advanced Studies,
nce, University of Maryland

D 20742 UsA

jagan}@cs.umd.edy

articles, enabling them to be accessed by spatial queries such
a8 windowing or simple point location; and its clusterer [I..’-(]].
which groups articles about the same topic, A kev tothe News-
Stand database svstem is its pipe seryver which coordinates its
processing modules by assigning hatches of articles to them
NewsStand's user interface enahles the retrieval of clusters of
news articles for display using its map user interface by execut-
ing what we term top-k window gueries, At present, NewsStand
handles about 50K articles per day and has a large underlying
database of articles currently cont aining about 30005 of data.
The PhotoStand and TweetPhoto [3] demos are related in
the sense that PhotoStand nses photos from news articles in
NewsStand, while TweetPhoto yses photos from news tweets in
TwitterStand [24]. In addition, the PhoteStand demo demon
strates the database querying capability of NewsStand as well
as its capability to do similarity searching for news photos
where the first step in the similar ity detection process is based
on the text associated with the photos, while the second step
involves use of the actual image featyres {e.g., texture, color) to
enable detecting near duplicates, thereby avoiding the combi.
natorjal complexity of comparing every photo with every other
phaoto.
The rest of this paper is organized as follows.

pd

discusses related work,  Section
cles |

Jagan San

Section 2
3 indicates how npey arti-
ANnd consequentlv meme i e -
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Visualization of Geo-tagged Information
(cont.)

Previous research also advances server 3D solutions.
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re 1: Our system akes un.\uuulmcd coll photc aphs such as those from online im ecarches (2) and reconstructs 3D points

and view points (b) 1o end ble novel ways of browsing the photos (¢ ).

Abs“ac‘ is that these @ sproaches W ill one day allow virtual (ourism of the
world's inter ting and important sites.
We present & system for '\n\cmcmd) browsing and exploring lar During this same ume digital p\\mugruphy. ogether W ith the In-
ed collections of phutuglup\\.\ of a scene using a nove ternet, have combine -pable sh { aphs on 2 truly
3D interface. Our system consists of an image-b sed modeling massive scale. For eXd ..a G image ch on “Notre
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So what about our approach?
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Demonstration

The Augmentarium, UMIACS
6000 x 3000 pixels
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Natural Immersive Virtual Reality?

almost never in a natural immersive virtual reality settings.
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Algorithm o

Adding depth & normal map &
maximal Poisson-disk sampling

/’)«.1

Social Street View.endbles userS tosseet through the nedrby restaurants. ' | 60



Conception, architecting & implementation

Social Street View

A mixed reality system that can depict geo-tagged
social media in immersive 3D web environments
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Blending multiple modalities of

Street View + Social Media

Depth maps, normal maps, and road orientation
GPS coordinates and time creation
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Enhancing visual augmentation

Maximal Poisson-disk sampling

Evaluated by image saliency metrics
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Achieving cross-platform compatibility by

WebGL + Three.|s

smartphones, tablets, desktop, high-resolution large-
area wide field of view tiled display walls, as well as
head-mounted displays.
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Architecture

Social Street View System Flowchart

Street View Panorama and Depth

Geo-tagged Social Media
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Depth Map

Decoded from Google Maps API v3 and GSVPanoDepth.js
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Normal Map

Decoded from Google Maps API v3




Road Orientations

Decoded from Google Maps API v3
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Multi-level Strategy.for. Streaming Social. Media

Image courtesy from Instagfam users in public domains
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Data Mining

Multi-level Strategy

1024 METERS
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SQL Database

Indexed by B+ Tree
logarithmic insertion & query

Longitude, latitude, timestamps are indexed by B+ trees.




Haversine Formula

Andrew, 1805

The distance between social media and street view panorama
Haversine formula, which defines the distance on the surface of a sphere.

dij = R- Bij
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How can we render and layout the social media?



Baseline
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X; = CcOS Q;coSA;, y; = sin @Q;, z; = COS Q;SinA;

83



Baseline

Without uniform random sampling
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/

Without uniform
sampling

Accumulation




Baseline

With uniform random sampling
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Not preferred

Overlays high saliency regions
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Add depth map

Remove sky and ground (most)

Sky: 2y =1{qi | Vq; € Q Nd; = =}

Distance Limit: \V/ﬁi €T, Dyin < d; < Diax



Add depth map

Remove sky and ground (most)

(a) Uniform Random Sampling on Sphere After Adding Depth Map

(b)



Can we ensure each image aligns with the building geometries?



Add normal map

Define the ground region:

Q, = {¢i| Yg: € @ Alln; —ng]| < &)
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Can we further reduce visual clutter and occlusion?



Maximal Poisson-disk Sampling

Gamito et al. Remove visual clutter and occlusion

The Poisson-disk distribution is uniform.

Minimum distance between each pair of social media is greater than R.

Terminates the sampling when it reaches the maximal coverage.




Dart-throwing Algorithm

PixelPie by Ip et al. using vertex and fragment shaders

image courtesys
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Pixel-Pie Algorithm

Remove when occlusion occurs

Algorithm 1 Maximal Poisson-disk sampling by dart-throwing

Input: The minimum distance r between sampled points
Output: A set P of points which satisfy equation (10)-(12)

~ ~

Pixel-Pie by Ip. et al. uses GPU depth-testing feature for efficient sampling.

Uldl C S U d UcCp A VCILCX AUCI.
4. Remove any point p € P’ whose corresponding point g violates
51' & -Qg VDmin <d< Dmax

5:  Identify and remove the occluded disks from P by reading the
depth map in the shader.

6: P+~ PUP

7:  Update the empty region R in the fragment shader.

8: until R + 0




Project Social Media Pictures

By Maximal Poisson-disc Sampling

ALGORITHM 1: Social Media Layout using Poisson-disk Samples

Input: N sorted social media images S = {s; | i = 1... N}, acquired from SSV
servers.

Sampling in regions which are not Sky nor Ground, and with a limitation of depth values;

Place social media as billboards upon the building geometries;

Cast soft shadows as if lighting were 45 degree to the normal vectors.

Add I; totheresultset: T < I U I;;

end




Sampling Comparison

Remove visual clutter and occlusion

(a) Before Maximum Poisson-disk Sampling




Algorithm

Adding depth & normal map &
maximal Poisson-disk sampling

In addition, our system allowsJasersfo walk around and explore liveSocial media streams: 99



This algorithm works well in dense urban areas such as the Manhattan District,



What if there are no buildings in the scene?



Scenic Landscapes

Using orientation of the road

ALGORITHM 2: Social Media Layout using Road Orientations

Input: |O| road orientations with o; € [0, 27]. K social media to be placed for

each orientation. Typically, |O| = 2 for a road with two orientations.
Output: A set of image planes to display social media:
__ : /s (]

e translation t <— CcOS(0; 5 ), U. 1 s1n(o; 5
1
fork <+ 1... K do

Setq <— (kRcoso;, h, kRsino;);

Add a left side image plane to I at position q” <— ¢ + t:

Add a right side image plane to I at position q" <— q — t;
end

end
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Scenic Landscapes

Using orientation of the road




Scenic Landscapes

Using orientation of the road
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What if

S5

image courtesy: mindtheproduct.com
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Users can use temporal or distance filters to narrow down their interested queries. 106
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Experiment

Nvidia Quadro K6000

4

- GNVIDIA, ...

L
sl
Y5 ol




_ Immersive high-resolution screens
Experiment A

Conditions of panoramic images /

/
/
/
/

Pixels Resolution '// Number of tiles  File size
88.6M 13312 x 6656/ 26 x 13 ~ SM
22.2M 6656 x 3328 13 x7 ~ 2M
5.5M 3328 x 1664 7 x4 ~ 800K
1.4M 1664 x 832 \\ 4x2 ~ 300K
0.3M 832 x 416 \ 2 x1 ~ 90K

\
\
\
N

Common Consumer-level Displays



Initialization Time Based on Resolution

Initialization Time

Panorama takes a while to load f‘;l.'”:ii'l] H]ULHH ]Tli'ln'.."]'iln]il

Panoramas takes much more time than social media for initialization.

22.2M 5.5M |.4M

Resolution of panorama (pixels) 110



[nitialization Time After Pretetching

After Prefetching

% - % time reduced social media panorama

Preload everything into the memory: ~250ms

22.2M 5.5M |.4M 0.3M

Resolution of panorama (pixels) 11



Initialization Time Based on Resolution

Initialization Time

Panorama takes a while to load f‘;l.'”:ii'l] H]ULHH ]Tli'ln'.."]'iln]il

Panoramas stitching is the most time-consuming part.

22.2M 5.5M |.4M

Resolution of panorama (pixels) 112



Rendering Time Based on Resolution

Rendering Time

Almost 58~60 EPS with social media panorama only

I 1

I I
1 I

After initialization, the system runs in real time at about 58~60 FPS.

L
>
<

88.6M 22.2M 5.5M | .4M

Resolution of panorama (pixels) 113



How effective is the Maximal Poisson-disk Sampling
for reducing the visual clutter?



¥y

Saliency Map (1]

Hou et al. TPAMI 2011

o - i

How much social media covers the salient regions of the panorama?
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Saliency Map | | ¥
Hou et al. TPAMI 2011 , ‘L
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Saliency maps use color, intensity, and orientation contrasts to
estimate where humans will look at.
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Saliency Map (1]

Hou et al. TPAMI 2011
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We prefer the social media to cover less high-saliency regions.
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_ _ Social Media Coverage of Saliency Map
Social Media

Coverage

100 panoramas for each algorithm 50

D (%)
:I_\_‘_‘:

-

Saliency Ma

,.
|
L

Coverage of

panorama only add depth add depth and  add poisson-
normal disk sampling

Method



Social Media Coverage of Saliency Map

Social Media
Coverage

100 panoramas for each algorithm

panorama only add depth add depth and  add poisson-
normal disk sampling

Method 119




Social Media Coverage of Saliency Map

Social Media
Coverage

100 panoramas for each algorithm

The last two algorithm largely reduce the coverage of saliency map to less than 20%.

panorama only add depth add depth and  add poisson-
normal disk sampling

In the last algorithm, all the images are separated with each other and uniformly distributed on the building surfaces.



What could be the potential applications of Social Street View?
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Stuck In traffic on our way to
Cabo with this awesome view

#roadtrip #cabo #view #mexico

Daniela on Instagram
July 12, 2014

123
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Application

Immersive story telling

However, we can hardly enjoy the view given the small posted image. 125



.

Business Advertising ,

Museum, restaurant, real-estate ...

i 126



... dinner started off with
amazing oysters paired with my
favorite Ruinart blanc de blancs
champagne

By frankiextah on Instagram

127



.

Business Advertising ’

Museum, restaurant, real-estate ...

Social Street View enhances future consumers’ visual memories and
makes it easier for them to seek the “amazing oysters” around this place.
A

— N

—_
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Business Advertising

Museum, restaurant ...
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Learning Culture

Taierzhuang, Chinese Spring Festivals



Crowd-sourced Tourism
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Social Street View allows-users to explore novel views
(e.g. from top of buildings),
where you cannot see with only the panoramas.



In conclusion, Social Street View provides a novel solution for
automatically fusing geo-tagged social media in an immersive 3D environments.



-
T P ——
BT W VIR e S
(WA TR DR N weEm
SRR GE S B e TN

We envision social media and panoramic videos are
significant parts of the big data for VR and AR applications



Proposal

Social Street View
ACM Web3D’16

Geo-spatial Registration
Work-in-progress

N SOCIAL MEDIA

Video Fields
ACM Web3D’16

Haptics

* VRSurus (CHI'16)

* HandSight (ECCVW’14,
TACCESS'16, SIGACCESS'16)

Physical Visualization

*  AtmoSPHERE (CHI'15)

PANORAMAS MULTI-VIEW

VIDEOS

Spherical Harmonics Saliency
Work-in-progress

Montage4D

POINT CLOUDS, In Submission to ACM 13018

MESHES

Saliency-guided Fusion TANGIBLES
Work-in-progress VR ETC '
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Challenges

Registration of billboards

The social media layout is
re-generated, every time,
when users walk around the street views.
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Challenges

Registration of billboards
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How are we going to ensure that the
billboards are registered, and stays with building geometries,
when users change the viewpoints?
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Visual Registration

Image Feature

WA TCHDOA
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Visual Registration

Image Feature

How to register some of the social media images
with the immersive panoramas,

to create a novel layout?




Storytelling

Baja California Suk, Mexico



Storytelling

Baja California Sk, Mexico

Develop fast algorithms for
reconstructing simple geometries,
feature matching,
and navigating the social street views without resampling.
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Proposal

Social Street View
ACMWeb3D’'16
Geo-spatial Registration
Work-in-progress

N SOCIAL MEDIA

Video Fields
ACM Web3D’16

Haptics

* VRSurus (CHI'16)

* HandSight (ECCVW’14,
TACCESS'16, SIGACCESS'16)

Physical Visualization

*  AtmoSPHERE (CHI'15)

MULTI-VIEW
VIDEOS

PANORAMAS

Spherical Harmonics Saliency
Work-in-progress

Montage4D

POINT CLOUDS, In Submission to ACM 13018

MESHES

Saliency-guided Fusion TANGIBLES
Work-in-progress VR ETC '

144



Motivation

Social Media Overlay

How to efficiently generate the saliency map for panoramas?



Motivation

Saliency Prediction

Traditional saliency methods can hardly deal with
spherical rotations and horizontal clipping
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Motivation

Saliency Prediction

The sliding-window approach is too slow since
It has to cut the panorama into pieces,
and stitch the saliency maps back.




Spherical Harmonics

Orthogonal function on the sphere
Du. www.shadertoy.com/starea

Mo

Spherical Harmonics, a complete set of orthogonal functions on the sphere,
can be used for estimating the panoramic saliency maps in one pass.

T




Proposal

Social Street View
ACMWeb3D’'16
Geo-spatial Registration
Work-in-progress

N SOCIAL MEDIA

Video Fields
ACM Web3D’16
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Montage4D: Interactive Seamless Fusion of
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Introduction

Fusion4D and Holoportation

Mesh,

color,

audio
streams

Remote
rendering

Network Color
Rendering

Capture Depth estimation &
segmentation



Fusing multiview video textures onto dynamic meshes
with real-time constraint is a challenging task



0%

of the participants does not believe the 3D reconstructed person looks real
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Motivation

Visual Quality Matters




Motivation

Visual Quality Matters

156



Related Work

3D Texture Montage

er Depth Cameras

Color Map Optimization for 3D Reconstruction with Consum
Qian-Yi Zhou® Viadlen Koltun!

(_)‘pumucd reconstruction
nroduced DY consumer-grage RGB-D camera (lefi), our approach
i g ¢ 173

Input
{el and ¢ OITESIN ".'ﬂ'l".'.' color images a

maoaes
of the images 10 the model

Figure 1: Given a _q»_-n'rle'rrl';
oprimizes a photomerricaily consisient mapping

1 Introduction
now widely available. Tens of mil-

Abstract
Consumer depth cameras arc
ameras have been shipped and miniaturized ver-
+ts, and

We present 8 global optimization approach for mapping color im- ;
R A S - el Pt e lions of such ¢
ages ONto geometnc reconstructions. Range and color® idcos pro- being developed p : . 0 lapt bl
: 5 ~n T s o € . cions are being develope _:rtearation into laptops, B
duced by consumer-grade ROB-D cameras cuffer from noise and r ;J ln-\ P‘—\ t'rll"“ -'.rdf“ s \‘ kb \l high
. . - - : ;martphones. ¢ a result, millions of peo « can now create M-
optical distortions, W hich impede accurate mapping of the acquired =7, pho 5 alines & X e s ok
; - A ; fidelity geometric models of real-world obects and scencs [New -
ed geomelry. Our approach addresses 155 = > SRiA z BEFE
- combe et al. 2011; Chen et al 2013; Zhou and Koltun 20132 Zhou

the reconsiruc
; \'npl‘\m-._/'-.n; camera poses i tandem with 4 al 2013]
on functions 1OF all images. All paramciers are B
he F‘h“(\:“""—'“'i»' consistency of the However, capturing an object’s geometry is not sufficient for repro-
- B - ration can be per- ducing its appearance. A visually faithful meon
OO he apparent color of every point on the ©
' 4 L eonstruction

color data 1o
these sources ofe
o1d correcti

struction must also
biect. In this

rror by

non-n

.d 101ntly 1o maximze t
Systems




Related Work

3D Texture Montage

GDMP\JTEF\ GP\P\PH\GS forum

L (198 Number O PF- 17

Viplum

Texturing , Models

Geamless Montage for

Ran Gal' Yonatan Wesle ¢ Eyal Uk\c Hugues Hupp:: Daniel Cohen-OT

LAV University- Tol-Aviv. 1arael
M\er\wf\ R'dmnnd s

dfm:?fd pho-
nmr. as

h—wsnhnnln \ftmw aver

il ofient reveds

nrmif jmage pr esulis i VIS

at S5 jgns ©

ages. hﬁ alse over 4

d sedt el space js mravet wd using @
fon eYrors.

ambinaiorid Iy
. mizalignment Thu; broa
- : canily imprey ves resilience i qcquisitt
compiter & raphics.

¢ Graphics

cover hig

?‘lf’\‘hfld m rel
i I.U I G‘t‘_"\&

15 onio i emi

mﬂmpi
uing ¥

well as fig
cech S

We m\n\mr es
idea 1510 search nod r\xm C

s that © gel

- yse in
e-TNme TS0 ynal

\: Three

h{
A algorithmt: mdfd b‘ g cod i
dw'fh allowing , simple and easy creation & i
. yars (acconding o ACM cosye 13 7 [Compute

-

Ca

We
JgC.
duc
\‘pli
colo
1. lmrm\utt'\nn mizaton that favors gmnothness in the e niur ¥
" . ) and p‘.\'\»_\\\f-..% the \mmlumun @b sharp SEAmS. Figure e}
 anal 18 10 generate a4 scamless (e xiure m-.r a surface i - .
e 27 g with 8 handheld show s pesults of thelr uppmaf_h which indeed alleviale®
many artifacts. However, 8% chown 10 Figure 1{g), some
seams often 7€ main due 19 misreg! - pistration and Impe -rfect 88-
o rars in FIEUIE (b,c) SUBEES stthat it is untikely
Lo glone 8B graph- -cut.
R AL




Related Work

3D Texture Montage

P\P\PH\GS forum

GDN‘\F‘\JTEF\ G

Vigfume U JOARI. Number O PF- 17
Texturing Models

Geamless Montage for
Ran Gal' Yonatan ‘n"r'r:vd-:r1 Eyal {}ic\-;z Hugues Hupp:: Daniel Cohen-OT
el AV University- Tel-Aviv. tsrael
2picrasoft. edmend. USA

Datasetl
name

1. ln\n‘u\ur.'t'\nn
e A seamless extun ©
Caepn with an ording
 wr

ORI T L generat



Related Work

3D Texture Montage

\CS forum

GDN‘\F‘\)TEF\ GRAPH

p)- ANV, 1arael

1 el -Awiv LI
fi. R:ﬂ\'\'\ﬂ\'\d, USsA

1. ln\n‘u\ur.'t'\nn
5 tenare ©

an ording
o wr

ORI T L generat

e A seamie
« . raken with




Related Work

3D Texture Montage

Quality Streamable Free-Viewpoint Video
David Calabrese

High-

Alvaro Collet  Ming Chuang
Hugues Hoppe

Microsoft Corporation

. 1R ,;“\".'m?b'.‘?' 0 pp- 1 . B
Vilume 0 1981 Pat Sweeney Don Gillett  Dennis Evseev
Adam Kirk  Steve Sullivan

Sea

Datas§

"l-‘l'!.il'f'l'l'l.'l'-!‘-:'f_.'F?':"l?’-‘l'n‘-‘.‘h',"-‘li‘n‘u'if video ac f}!h‘i"e’-:'!l by our systeni.

Figure 1: Evamples of rei

Our goal is o transform free-viewpoint video from research pro-
wssible form of media. Several sysiem

Abstract
totype into a rich and aco
_end solution o create high-quality free- components must work together 1 achieve this goal: capture rigs
must he easy w0 reconfigura and suppor pmr’»:m-mnal production

We present the first end-to
encoded as a comp
s using a dense sel of
ic extured surfaces. and compresss

act data stream. Our system
RGB and IR video cam- workflows: reconstruction must be automatic and scalable to high

these to Processing throughput; and resulis must be compressible to a data
dia formats. Visual guality from any an-

At

vigwpoint vidzo
records performance

We
ages eras, generates dynam
duc a .\-tr_eam-._ahle 3D video format. Four t_echmual -adt-: ances coniribuie rate close 1o COMMON mMe
optt to high fidelity and robustness: multimodal multi-view steren fus- ple must be on par with traditional video, and the format must he
colo . ing RGB, IR, and ﬁilhc-ml!.e information; adaptive meshing guided renderable in real-time on a wide range of consumer devices.
thesd 1. lmrm\umun [} automatic detection ol perceptually calient areas; mesh irack-
ine o create temporally coherent subsequences; and encoding of In this paper, we discuss how we address these challenges to creats
ream. Quantitative an end-to-end system fior realistic, streamable free-v jewpoint video
tly higher quality than the state of the art. Our approach

d meshes as an MPEG ¥ ideo st -nd-1
. at significan
- cene content. It handles

non- & :
. e T
= e OF }ﬁ\ is 1o E- .
o tracked (exiure
R a—— e Y TR T 'ﬂnd ¥
e Lo lades of the s



Related Work

3D Texture Montage

High-Quality Streamable Free-Viewpoint Video

Alvaro Collet  Ming Chuang Pat Sweeney Don Gillett Dennis Evseev David Calabrese
Hugues Hoppe Adam Kirk  Steve Sullivan
Microsoft Corporation

Avg frames/ Output
keyframe Mbps

-

24.6 12.1

27.5 8.6

35.2 8.3

57.7 12.0

726 1 9 illenges to creats
yiewpoint video

gnificantly higher quality than the state of the art. Our approach
e e o ledee of the scene content. it handies

ym Tesearch pro-

Several sysiem
pal: capture rigs
onal production
scalable to high
psaible to 4 data
lity from any an-
. format must be
or devices.

Avg time
frame (S)
20.1
27.17
26.0
28.2
27.5

Abstract

Scene Frames O
points

D.Duo 886 2.25M
Dress 1157 1.44M
Kendo 740 2.01M
Haka 173 2.70M
Lincoln 508 1.60M

e s At 30

W present
viewpoint v
records perf
eras, generdl
a sireamabl
to high fidel
ing RGB, 1K
1. lmrm\uct‘m“ by automati

ing to creal
tracked (Ext

colo’

PO § is o g‘:\'\cl"



Related Work

3
D Texture Monta
ge

7 (2008)- Numbe? 2

Volume =

c.'\‘\w\.‘.\\“ _p.Sellent

M \\_\\‘\\m\ P. Bc\»‘.\uﬂ'.\l
. Germany
:C“:\\\\\x

niv

M Eiseman® - B.De \)\.;\\k
1 Computet

sty _Expertise Cent ersitelt Limbur
3y gax-Planct mat

q Unive ersity

\\\

2passelt Unive
uring 4P~
W .'

Wpping .ul‘n:qm
3D mmm‘n\ and

ML

on

-5\ piclure

13 (C¢ omputet

k;.\\\ S
e

well-¢ alibratet
eling ec

ssSIVE

.'L'UXI\\'U}
& impre

\\nvdu(\nm g
(ered im?
l”\ \“&'
ke
capd abiliue
u.'\u:k

1. v
Unfort
and ;.\\\\u.\\sd

hard
qailed
x Mo d
> COF
. from u.\

ple

isa ume

\.L\\\\\\.\L\'
¢ need

pauve- BY in
\L\ caply

¢ scene &
e \.‘\m\ \

Lalistic -

an object ©

ph

video-

OLOS or
p\\n\u—\\.

chieve
\@ rales-

LR

jed 0¥

ering
~\«m\\
appt©

(uu\u

slur-
pr 1ale

ng

X

misreq|
registration iss
ues. b

/ U'l:

heavilv rel
y relies on RGB feat
Uresland

fails wh
e
n changing viewpoi
Ints.

163



Related Work

3D Texture Montage

ow, few systems but Hc.)éf‘portatzon
g Puseldynamic meshes wi
COUIl’(cj' le cameras in real time. N
n;wu rlgcent SIGGRAPH 2017 pap
;rcl)sduces excellent dynamic
reconstruction resultséD N
but uses a single RG

Real-

time G
R(.BD Camer

ACM Rclcrcn(c formay.

Dy namjc SC
Varic

us asp .,u,] wa

*d mo On, and iy nnsic ¢ rub

€Ometry, Albedo and
ra

kinem alic m
€rate

Motion

Reconstruction Using 4

Mmolion cg
new phq

The ing Tinsic
'1. 14 l['[hlt alions e ¢
1 of Luvnu[r‘.
18 1or virtya)

11l.~r1:2_ﬂ

dC iTe,
lighting

I slr.um-'

45 a g
er, th'j. Tex



Related Work

3D Texture Montage

Holoportation: Virtual 3D Teleportation in Real-time
S.R. Fanello D. Kim A. Kowdle  W. Chang

S. Khamis M.Dou W Tankovich  C. Loop
S. Mennicken J. Valentin
Y. Lutchyn €. Keskin S. Izadi

shahram icrosoft.com)

S, Orts Escolano C. Rhemann
Y. Degtyarey P. Davidson
Q. Cai P. Chou
S, Wang

Microsoft Re search {contact:

a mew immersive telepresence system that combines the ability to captare high quality 3 models of people,
jth the ability to transmit these and allow remote participants wearing virts

present.

Figure 1. Holoport ation is
environments in real-time, W
and interact slmost 55 if they were o+

Author Keywords

P. Kohli V. Pradeep

sl or augmented reality displays to:
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Texture camera view direction

Majority Voting for color correction
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What is our approach for real-time seamless
texture fusion?



Workflow

Identify and diffuse the seams

‘ i‘ w i
Seams caused by
mis-registration
and occlusion

Figure 2: The workflow of the Montage4dD rendering pipeline.
. . g 8 Pl
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What are the causes for the blurring and seams?
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Motivation

Causes for blurring

Texture projection errors
. » Inaccurate camera calibration

i

S—
Blurring C‘. b

Normal-weighted blending

£
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Motivation
Causes for blurring

a Texture projection errors
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Motivation

Causes for Seams

sSelf-occlusion

Majority-voting

Field-of-View
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Seams

Causes

Self-occlusion

One or two vertices of the triangle are occluded in the
depth map while the others are not.
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Seams

Causes

Raw projection mapping results Seams after occlusion test
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Seams

Causes

Majority Voting

The triangle vertices have different results in the majority
voting process, which may be caused by either mis-
registration or self-occlusion.
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Seams

Causes

Raw projection mapping results Seams after occlusion test Seams after majority voting test
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Seams

Causes

Field of View

One or two triangle vertices lie outside the
camera’s field of view or in the subtracted background
region while the rest are not.
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Seams

Causes

~ ) U
nh

Raw projection mapping results Seams after field-of-view test
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For a static frame, how can we get rid of the
annoying seams at interactive frame rate?
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How can we spatially smooth the texture
(weight) field near the seams so that we
cannot see visible seams in the results?

180



Workflow

Identify and diffuse the seams

Discrete stralghtest geodesics to
diffuse texture fields from the seams

Figure 2: The workflow of the Montage4D rendering pipeline.




Geodesics

Geodesic is the shortest route between two points on the surface.

182



Geodesics

\\\ X ~: - ;g
N
S

==k
% % /’ \\
On triangle meshes, this is challenging because of the computation of tangent directions.
And shortest paths are defined on edges instead of the vertices.
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Geodesics

For diffusing the seams

— !
w=w Uw, ¢ r

Figure 5: Illustration of computing the approximate geodesics. (A)
shows the concept of the geodesic window from a single source ver-
tex. (B) shows the components within a window. (C) shows the
merging process of two overlapping windows for approximiation.

We use the algorithm by Surazhsky and Hoppe for computing the approximate geodesics.
The idea is to maintain only 2~3 shortest paths along each edge
to reduce the computational cost.
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Approximate
Geodesics

For diffusing the seams

Seams

:-:hllvtwe\fatio.h 20 :

SN

lteration 6 Iteration 10 lteration 15

Figure 6: Examples of the initial seam triangles and the propaga-

tion process for updating the geodesics. .



View-dependent Rendering

Spatially highlight the close views

Texture camera view direction

Global weight
Visibility% of view i

Tl =Yg % -max(0,9-9,)%

Visibility test ‘
Geodesics
User camera’s view direction
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Workflow

Identify and diffuse the seams

Rasterized depth maps —>
Input triangle meshes 1 H ams cause by Montage4D Results

from Fusion4D - ) mis-registration
g t t and occlusion

Texture maps with foreground segmentation Update temporal texture fields

Discrete straightest geodesics to
diffuse texture fields from the seams

.
Mt
i

Figure 2: The workflow of the Montage4D rendering pipeline.




Temporal Texture Field

Temporally smooth the texture fields

Temporal smoothing factor of 0.02

Ty (t) = (1 = 1) + AV (1)

Texture field of the previous frame

The gradient between the ideal texture field of
the current frame, and the value of the previous frame
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Temporal Texture
Fields

Reéduce temporal flickfing




Holoportation Montage4D
Orts-Escolano et al. Results




Holoportation Montage4D
Orts-Escolano et al. Results
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Floating Textures Holoportation Montage4D
Eisemann et al. Orts-Escolano et al. Results
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Floating Textures Holoportation Montage4D

Eisemann et al. Orts-Escolano et al. Results
RN P QTS
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Plenoptic Sampling

Chai et al.*

*

Filtered Blending
Eisemann et al.

W

Floating Textures

Eisemann et a/

.'x,

Holoportation
Orts-Escolano et al.
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With additional computation for seams,
geodesics, and temporal texture fields, is
our approach still in real time?
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Exmperiment

Table 1: Comparison of root-mean-square error (RMSE) and frame rates between Holoportation and Montage4D methods

: : Holoporation Montage4D
Dataset Frames  #vertices / frame  #triangles / frame RMSE FPS RMSE _ FPS
Timo 837 131K 251K 5.63% 2272  327% 1350
Yury 803 132K 312K 5.44% 2228  3.01% 130.5
Sergio 837 215K 404K 7.74% 186.8 4.21% 114.3
Girl 1192 173K 367K 7.16% 21256 3.73% 1194
Julien 526 157K 339K 12.63% 215.18 6.71% 120.6
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Exmperiment

RMSE = Root mean squared error
FPS = frames per second

Table 1: Comparison of root-mean-square error (RMSE) and frame rates between Holoportation and Montage4D methods

Holoporation Montage4D
RMSE

Dataset Frames  #vertices / frame  #triangles / frame

Timo 837 131K 251K 5.63%
Yury 803 132K 312K 5.44%
Sergio 837 215K 404K 71.74%

Girl 1192 173K 367K 7.16%
Julien 526 157K 339K 12.63%

The root-mean-squared-error of the
rendering results have been great reduced.



Exmperiment

RMSE = Root mean squared error
FPS = frames per second

Table 1: Comparison of root-mean-square error (RMSE) and frame rates between Holoportation and Montage4D methods

Holoporation Montage4D

Dataset Frames  #vertices / frame  #triangles / frame

Timo 837 131K 251K
Yury 803 132K 312K
Sergio 837 215K 404K

Girl 1192 173K 367K
Julien 526 157K 339K

Our frame rate is slower, but still capable at
over 90 FPS, for dynamic VR rendering.



Experiment

Break-down of a typical frame

Table 2: Timing comparison between Holoportation and Mon-
tage4D for a typical frame

Timing (ms)

Procedure Holoportation  Montage4D
Communication between CPU and GPU 4.83 9.49
Rendering and Texture Sampling 0.11 0.30
Rasterized Depth Maps calculation 0.14 0.13
Seams Identification N/A 0.01
Approximate Geodesics estimation N/A 0.31
Other events 0.12 0.18

Total 5.11 10.40

Most of the time is used in
communication between CPU and GPU 200



Before

In conclusion, Montage4D provides a practical texturing solution for
real-time 3D reconstruction systems.
In the future, we envision that Montage4D is useful
for fusing the massive multi-view video data into VR applications like
remote business meeting, immersive education, and family gathering.
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Saliency-guided Fusion

Image Feature

Depth Estimation and Segmentation

Volumetric Fusion

203



Saliency-guided Fusion

Image Feature

Mask

RGB

Full RGBD information and segmentation

Colored Volumetric Fusion
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Colors Terms

Optimizing Energy Functions

E(G) — AdepthEdepth(G) + AcolorEcolor(G) + AcorrEcorr(G) + ArotErot(G) + AsmoothEsmooth(G)

N
. 2
Egeptn(G) = Z 2 L )IIDepth(vm; G) — x|
n=1mevy,(G) "
N
. 2
Feotor@ =) > min [IColor (vmi G)rap — cuas|

n=1meV,(G)



Quantitative Comparison Between Fusion4D (Depth Only) and Intrinsic4D (Depth + Color)
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The frame rate drops from 30 FPS to 10 FPS with the color term...



How to speed up the dynamic reconstruction procedure,
with the performance improvement?



Mesh Saliency




Use color-term optimization and more voxels for
reconstructing high-saliency regions



Saliency is the vital key to balance the tradeoff between quality and speed.
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VRSurus: Enhancing Interactivity and Tangibility of
Puppets in Vlrtual Reahty (CHI 2016)

Ruofei Du and Liang He

University of Maryland, College Park
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Timeline

Paper deadline goals

Spherical Harmonics Videos
Oct. — Nov. 2017

Geo-spatial Registration with Social Street View
Nov. — Feb. 2018

Saliency-guided Real-time 3D Reconstruction
Mar. — Aug. 2018
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