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articles, enabling them to be aceessed by spatial queries such
a8 windowing or wple point Jocation; and its clusterer [30],
which groups articles about the same tapic. A key to the News.
Stand database g stem is its pipe seryver which coordinates its
ing modules hy gning batches of articles to them
nterface enahles the retrieval of clusters of
news articles for display using its map user int erface by
ing what we term top-k window querie. Stand
handies abhone 50K articles per day and has a large underlying
database of articles currently containing about 300GE of data,

The PhotoStand and Tweet Photo [3] demos are related in
the sense that PhotoStand nses phatos from news articles in
i tand, while Tweet Photo uses photos from news tweets in
TwitterStand [24]. n addition, the PhatoStand demo demon
strates the database querying capability of NewsStand as well
as its capability to do s nilarity searching for news photas
where the ep in the similarity detect ion process is based
on the text associated with the photos, while the second step
involves use of the actual image features {e.g., texture, color) to
enahle detecting near duplicates, thereby avoiding the combi-
natorial complexity of comparing every photo with every other
photo.

The rest of this paper is organized as follows Section 2
discusses related woark, Section 3 indicates how news arti-
cles (and conseoent o s 1 . o
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Our Approach?



Social Street View



Social Street View



Demonstration

The Augmentarium, UMIACS
6000 x 3000 pixels




Natural Immersive Virtual Reality?

almost never in a natural immersive virtual reality settings.



Conception, architecting & implementation

Social Street View

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



Blending multiple modalities of

Street View + Social Media

Depth maps, normal maps, and road orientation
GPS coordinates and time creation



Enhancing visual augmentation

Maximal Poisson-disk sampling

Evaluated by image saliency metrics



Achieving cross-platform compatibility by

WebGL + Three.js

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



Technical Challenges?

.LA

a |



System Overview



Architecture

Social Street View System Flowchart

Geo-tagged Social Media

WebGL and WebVR Rendering

...................................

Clients: PC, Oculus VR, Ultra-
wide Screen, Mobile Devices

L

Street View Scraper

Social Media Scraper

Social Street View
Databases

Query: Geo-location

Filters: Time, Face...

Social Street View
Web Server







Street View Cars - Cameras, Lasers and GPS

Image courtesy from Google Street View:

COOgle‘maps

Street View
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Panorama







Depth Map

Decoded from Google Maps API v3 and GSVPanoDepth.js







A ‘l Y

Normal Map

Decoded from Google Maps APl v3







Road Orientations

Decoded from Google Maps APl v3
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Bipartite Graph
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Haversine Formula

Ai— A

)

Olij = Sinz((pi;(pj) - COS Q; - Q; -Sin2(

Bij =2-atan2 ,/Ocl],\/ — 0j))

dij = R- Bij
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Algorithm

Adding depth & normal map &
maximal Poisson-disk sampling

. " B instagram 9 9 W 1 Q@2 14-04-26 091641 @ ;
\ 4075098341673 982548
RESTAURANT @ JUsHIDEN
—
- / e

\ f
Ve oiin
P
\ .»_Y

)

Social Street View.endbles userS tossee! through the nedrby r{esfauﬁahts. 3



Baseline

X; = COS @;cosA;, y; = sinQ;, z; = COS Q;sinA;



/

Without uniform
sampling

Accumulation




Baseline

X; = COS @;cosA;, y; = sinQ;, z; = COS Q;sinA;



I

Not preferred

Overlays high saliency regions
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Add depth map

Qs ={qi | Vqi € R Ndj = oo}

\V/ﬁi - T,Dmin < d; < Dmax



Add depth map

Remove sky and ground (most)

(b) After Adding Depth Map (d) Depth Overlay

Pm—




Can we ensure each image
aligns with the building geometries?



Add normal map

Q, = {q: | Vgi € 2\ |m; —ng|| < &)



(a) Before Applyi'ng Normal Maps

TN

AN f A

P
\.v
(A

(e) Depth+Normal Map

| (d) Normal Map

(¢) Depth Map



Can we reduce visual clutter and occlusion?



Maximal Poisson-disk Sampling

Gamito et al. Remove visual clutter and occlusion

VﬁgEP,PQT,VSQQ:Pr(éj}ES)zfdi (10)
S

Vpi,pj € P,pi # pj:llpi—pjll > r (11)
SX)={p;eT:|pi—pjll =rpiePt:SX)=0  (12)



Dart-throwing Algorithm

PixelPie by Ip et al. using vertex and fragment shaders

image courtesyd

[ PO SRR,



Pixel-Pie Algorithm

Remove when occlusion occurs

Algorithm 1 Maximal Poisson-disk sampling by dart-throwing

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

1: Set P+ 0, empty region R < T

2: repeat

3:  Generate some random points P C R by rasterizing them as
circular disks into a depth map in vertex shader.

4:  Remove any point j € P’ whose corresponding point § violates

G € ¢V Dpip < d < Dypax
5. Identify and remove the occluded disks from P by reading the
depth map in the shader.
P—PuUP
Update the empty region R in the fragment shader.
until R + 0

O =&




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.
Output: A set of image planes to display social media: [ = [ ... Iy, M < N.
Generate the set of candidate sample points P by the PixelPie algorithm;
Sort points in P in descending order according to their corresponding values in the
depth map D so that the closest sample point is laid out first;
Set I + 0,
for i < 1...min(N, |P|) deo
Place I,; with texture from s; € S at the projected position §; < £?(pi);
Rescale I, according to the corresponding depth value: 7; < 7 /d; for
perspective visual effects;
Rotate 7; so that it is perpendicular to the normal vector n; <— N (wu;, v;);
Add I; totheresultset: I < I U I;;

end




Sampling Comparison

Remove visual clutter and occlusion

(a) Before Maximum Poisson-disk Sampling (b) After Maxlmum Poisson-disk Samplmg (d) Normal Map



Scenic Landscapes

Using orientation of the road

ALGORITHM 2: Social Media Layout using Road Orientations

Input: |O] road orientations with o; € [0, 2w]. 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:
I=1y...1p.M > K -|O]
Set [ +— 0;
fori < 1...]0|do
Set the position q; «— (K Rcoso;, h, K Rsino;) at height h and radius
R
(Optional based on user’s preference) Add a frontal image plane to I at qj;
Set the translation t <= (1" cos(o; + 5 ), 0. T sin(o; + %)) with constant
T,
fork+1...Kdo
Setd < (kRcoso;, h, kRsino;);
Add a left side image plane to I at position q’ < q + t:
Add a right side image plane to I at position q’ <+ § — t;

end
end
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Algorithm

Adding depth & normal map &
maximal Poisson-disk sampling

In addition, our system allowsJasers o walk around and explore liveSocial media streams:
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Experiment

Nvidia Quadro K6000

>

Anvipia QU ADRO

- GNVIDA, ..

)




Experiment

Conditions of panoramic images

/

/

/rumersive high-resolulion screens

A
/

/

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 4 x2 ~ 300K
0.3M 832 x 416 \ 2x1 ~ 90K

\

\

\

Comvmon Consumer-tevel Displays



Initialization Time Based on Resolution
Initialization Time 2500

Panorama takes a while to load social media panorama

2000

1500

1ge time spent (ms)

D 1000 i

—

Aver

S EEER

88.6M 22.2M 5.5M 1.4M 0.3M

Resolution of panorama (pixels)



After Prefetching

% - % time reduced

Average time s

pent (ms)

=

Initialization Time After Prefetching

social media panorama

1
88.6M 22.2M 5.5M [.4M 0.3M

Resolution of panorama (pixels)




Rendering Time

Almost 58~60 FPS

Average time s
P

pent (ms)

10

Rendering Time Based on Resolution

I I

88.6M

with social media panorama only

gt I I II

22.2M 5.5M .4M

Resolution of panorama (pixels)

i

0.3M




.

Saliency Map Jf |

Hou et al. TPAMI 2011 f \




_ _ Social Media Coverage of Saliency Map
Social Media
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Social Media Coverage of Saliency Map

Social Media
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Coverage
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_ _ Social Media Coverage of Saliency Map
Social Media
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Coverage

100 panoramas for each algorithm 50 i
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Potential Applications?






Stuck in traffic on our way to
Cabo with this awesome view

#roadtrip #cabo #view #mexico

Daniela on Instagram
July 12, 2014






Application

Immersive story telling

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



__ kL NS

Business Advertising ’

Museum, restaurant, real-estate ...




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

By frankiextah on
Instagram



Business Advertising

Museum, restaurant ...




Learning Culture

Taierzhuang, Chinese Spring Festivals
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Crowd-sourced Tourism
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Temporal-in tion is ‘ forﬁlterlng and rendering?
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image courtesy: mindtheproduct.com



image courtesy: webneel.com



Users can use temporal or distance filters to narrow down their interested queries.



Seasonal Effect

Winter

2

e

g



Seasonal Effect

Winter




Seasonal Effect

Spring




Seasonal Effect




Failure Cases

A Square in London




Future Work

Digital City by 3D Reconstruction, Depth
Fusion and Augmented Reality




U\

Future Work

Incorperate with Open3Din Webh3D:20167\ 4



Acknowledgement

Geollesy [gShangfu Peng and Ruofei Du
www.geollery.com

MR VIdUIZAUOIN OLyiT

Q0O

© About

Domini
IR

™5

Calio Colombia

Quito__.
X\

Ecuador J

Lima Di
®

ican

epublic

Puerto lico

—_ - 1.,‘


www.geollery.com

QL LLTRRTRTY

]

R0

,.E Il
Ea. __E_______
s Tl

I
ﬁ __:____________ﬂ
a_ s E Ml

ﬁ._______ _E.
il I

=)
2y
mw
)
T
&
D 3
2 e
Onp
cC =
N O
U 5
< =



Acknowledgement

NSF | Nvidia | MPower | UMIACS

UMIACS

University of Maryland
Institute for Advanced

nVI DIA® Computer Studies

%UNW’ERS"'Y OF MARYLAND
UNIVERSITY OF MPOWERING TATE

N\
COMPUTER SCIENCE
NNNNNNNNNNNNNNNNNNNN




Video Fields

Web3D Sunday 9:20 - 9:40 AM

|
i Bre
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Social Street View

WWW. SocialStreetView com

Ruofei Du and Amitabh Varshney

Augmentarium Lab | GVIL | UMIACS
Web3D 2016

MARVIAND @ =



Socilal Street View
Backup Slides



Future Work

Saliency

- Low-level image saliency for layout
- Real-time or post-processed saliency
maps



Future Work

User Study

- High-resolution large-area screens
- Head-mounted displays



Future Work

3D Recons truction and AR

- Real-time geometric fusion
- HoloLens



Future Work

3D Recons truction and AR

- What is the (experimentally-justifiable) motivation
for putting generic images into scenes?

- What is the relevance of which photos are
displayed? And how this affects the worth?

- Whether it is possible to try and improve this
relevance using vision techniques?



What is ignored in current social media sites?



