
Geo-Multimedia Analysis and 

Applications

Weiqing Min

Institute of Computing Technology, Chinese Academy of Sciences

August 24, 2017



In
s
titu

te
 o

f C
o

m
p

u
tin

g
 T

e
c
h

n
o

lo
g

y
, C

h
in

e
s
e
 A

c
a
d

e
m

y
 o

f S
c
ie

n
c
e
s

Outline

2

 Introduction

 Two cases
Landmark Analysis

Cross-Region Food Analysis

 Conclusions
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The fast development of various networks leads 

to rich multimedia data

mobile network Internet of thingsInternet social networksensor network

webblog TV news surveillance video imagesuser behavior datanews
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Introduction

8 16 20

0

Geo-multimedia data
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Three characteristics

 Location with different granularities

(51.6174,0.1246) landmarks: Big Ben check-in: venues

scene category region-level
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Three characteristics

 multi-modality and heterogeneity

multi-modality multi-context

Location Time

multi-interaction
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Three characteristics

 Big Geo-Multimedia Data

various 
media

various 
media

social

network

social

network
photo-
sharing
photo-
sharing

video-
sharing
video-

sharing

check-incheck-in

webblogwebblog

blogblog

InstantInstant

social 
plans
social 
plans

virtual 
world
virtual 
world

RSS RSS 

面向社会媒体的协同搜索与推荐技术研究
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Such rich Geo-Multimedia Big data 

holds great potentials but also 

encompass challenges 
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Opportunities

 Big geo-multimedia data treasure
Travel data, including landmarks, GPS trajectories

Check-in data, different venues

Event data, hot event data
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Opportunities

 geo-multimedia computer vision

Abhimanyu Dubey, Nikhil Naik, Devi Parikh, Ramesh Raskar, and Csar A. Hidalgo. Deep 

Learning the City: Quantifying Urban Perception at a Global Scale. ECCV 2016.

Geo-Multimedia high-level attribute learning 



In
s
titu

te
 o

f C
o

m
p

u
tin

g
 T

e
c
h

n
o

lo
g

y
, C

h
in

e
s
e
 A

c
a
d

e
m

y
 o

f S
c
ie

n
c
e
s

12

Opportunities

 geo-multimedia computer vision

S. M Arietta, A. A Efros, R Ramamoorthi, and M Agrawala. City forensics: Using visual elements to 

predict non-visual city attributes. Visualization and Computer Graphics IEEE Transactions on, 

20(12):2624–2633, 2014.

relationship prediction between visual elements and a 

number of city attributes e.g. violent crime rates
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Opportunities

 geo-multimedia knowledge graph construction 

and learning

Yu-xin Peng et al. Cross-media analysis and reasoning: advances and directions. Front Inform 

Technol Electron Eng. 2017
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Opportunities

 Various applications in different fields
Region oriented food culture analysis

Region oriented user behavior analysis

Location based retrieval and recommendation 

User profile

Other location based services

……
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Challenges

 Effectively manage geo-multimedia big data, from 

access, store to retrieval

 Overcome the noisy content and location ambiguity

 Overcome the semantic gap

 Learn geographical hierarchy visual features

 Large scale geo-multimedia data  feature learning 

(Web Vision)

 ……
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Research Problems

16

Organizing, summarizing and browsing the 

geo-multimedia data

Predicting geographic location and other 

high-level attributes from photos/videos

Exploring various applications, especially in 

vertical fields

Mining and extracting the knowledge from the 

geo-multimedia data
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 Introduction

 Two cases
Landmark Analysis

Cross-Region Food Analysis

 Conclusions
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 Landmark Analysis

 Cross-Region Food Analysis

Two cases
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Two Cases

 Landmark Analysis

 Cross-Region Food Analysis
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Landmark: A recognizable place that might be of interest

to tourists due to notable physical features or historical

significance - Wikipedia

Motivation
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Motivation

Tour recommendation Virtual 3D streetLocation recognition



In
s
titu

te
 o

f C
o

m
p

u
tin

g
 T

e
c
h

n
o

lo
g

y
, C

h
in

e
s
e
 A

c
a
d

e
m

y
 o

f S
c
ie

n
c
e
s

Motivation



In
s
titu

te
 o

f C
o

m
p

u
tin

g
 T

e
c
h

n
o

lo
g

y
, C

h
in

e
s
e
 A

c
a
d

e
m

y
 o

f S
c
ie

n
c
e
s

pictures

time

tags

title

Desc.

Japan  August 2006  

Kiyomizu-dera Kyoto  tour

Kyoto Orange, version 672

They have this amazing 

red-orange all over the 

shrines/temples in Kyoto.

Japan geotagged Kyoto 

Higashiyama Kiyomiz

dera

Gate  Sakura Blossoms

Entrance Gate to

Kiyomizu-dera

Kiyomizu-dera,

Southern Higashiyama

architecture

autumn color autumn

leaf kiyomizu-dera

temple kyoto japan maple

Autumn Color at 

Kiyomizu-dera tour

Panorama of the city 

center of Kyoto from 

Kiyomizu-dera (the right 

hand). 

2006年8月29日 2008年4月8日 2012年11月21日

Global theme Location theme Time theme

Mining three kinds of themes for landmark analysis

Our idea
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Three kinds of themes

 Global theme : shared by all landmarks

 Local theme : landmark specific unique physical and 

historical characteristics

 Temporal theme : : time-specific theme from one landmark

glz

locz

tlz

Spatio-Temporal Theme Modeling
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Spatio-Temporal Theme Modeling

D

dY

x locz

 ,t l


glz

tlz
tl

gl

loc

l

d

d

dl dt

y

gl

Z

locZ

tlZ

L

T L

( , )d d dY w v

(text words，visual 
words）

temporal:

local:

global:
glz

locz

tlz

 The graphical representation 
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Spatio-Temporal Theme Modeling

 Log-likelihood of the dataset

 Mutual-Information-Based Regularization

 Parameter Estimation EM
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Spatio-Temporal Theme Modeling

 Time distribution of theme for one landmark

 Location distribution of theme for a time 

interval
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Experiment

 Dataset
20 landmarks from 6 countries

435,810 images, 22,703 words

 Jan 01, 2010 to Dec 31, 2012
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Theme visualization

Local #5
kunming 

0.022126

lake

 0.016091

longevity 

0.015694

hill 

0.0097054

bridge 

0.0095046

thames 

0.12577

river

 0.055631

southbank

 0.044495

riverthames 

0.031256

bank

 0.024509

Local #26

0.157004 0.152931 0.152222 0.150788 0.150391

0.135706 0.135705 0.131267 0.130258 0.126970
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Theme visualization

Temporal #67
occupy

0.094204

occupywallstreet 

0.079832

ows 

 0.058307

march 

0.032343

wall 

0.029606

Temporal #70
marathon 

0.22029

philippound 

0.040515

runner

 0.025902

philip

 0.023851

pound 

0.023138

0.101686 0.101680 0.101607 0.101482 0.101471

0.203266 0.203159 0.202948 0.185978 0.183135
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Quantitative evaluation

Metric：number of discovered local themes and temporal themes

Metric：MAP for number of discovered themes
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Location distribution of  themes 

Landmarks
P(l|ztl,t)  Relevant photos

Tower Bridge 0.64

Big Ben 0.30

London Eye 0.05

Buckingham 

Palace
0.003

Trafalgar 

Square
0.0001

07/22/2012-07/31/2012
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Temporal distribution of  themes 
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34

Two Applications

 Landmark Analysis

 Cross-Region Food Analysis
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Motivation

35

 Each region/country/city has formed a distinct 

identity, distinguishing itself from other regions

 Different aspects jointly determine the identity

Architecture Athletic activity

Food

Social activity

Vegetation Transportation
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Motivation

36

 Food has always been a significant aspect of 

region identity. 

 The Food recipes from different regions are 

strong signals of the culinary habits of individuals 

from various parts of the world
 Food ingredients: East Asian: “soy sauce ” and “sesame oil”

 Food flavor: The flavor of Asian is more similar than Europe

 Food visual appearance

 ……

 Cross-region food analysis
 can facilitate deep understanding of food from the health, 

marketing and cultural perspectives

 Enable various applications: food preference learning and 

recommendation,  cuisine classification  and health diet analysis
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Motivation-Data Collection

37
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Recipe-Sharing Website:Yummly

38
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Venue Review Website: Dianping

39
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Our Data Collection: Yummly-66K

40

 Data Collection
 66,615 recipes

 Each recipe:  food image, ingredients, course, cuisine(region)

#items #Cuisine #Course #ingredients

66,615 10 13 2,416

http://isia.ict.ac.cn/dataset



In
s
titu

te
 o

f C
o

m
p

u
tin

g
 T

e
c
h

n
o

lo
g

y
, C

h
in

e
s
e
 A

c
a
d

e
m

y
 o

f S
c
ie

n
c
e
s

Our Data Collection: Yummly-66K

41

 Data Collection



In
s
titu

te
 o

f C
o

m
p

u
tin

g
 T

e
c
h

n
o

lo
g

y
, C

h
in

e
s
e
 A

c
a
d

e
m

y
 o

f S
c
ie

n
c
e
s

42

Solution
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Bayesian Cuisine-Course Theme Model

43

w: the ingredients

 ld: the cuisine label

cd: the course label
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Bayesian Cuisine-Course Theme Model

44

 Generative Process
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Bayesian Cuisine-Course Theme Model

45

 Model Inference
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Bayesian Cuisine-Course Theme Model

46

 Parameter estimation
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Theme Visualization-Manifold ranking
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VGG-16 deep 

features
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Our task

48

Applications

1. Multi-modal cuisine summarization

2. Cuisine-course pattern analysis

3. Cuisine recommendation
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Applications

49

 Multi-modal cuisine summarization

 Cuisine-Course Pattern Analysis
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Applications
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 Cuisine Recommendation

（1）

（2）
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Experiment
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 Evaluation of  Theme Model

 Evaluation of Theme Visualization

 Evaluation of  Multi-modal Cuisine Summarization

 Evaluation of Cuisine-Course Pattern Analysis

 Evaluation of Cuisine Recommendation
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Evaluation of the theme model
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 Some examples of discovered themes
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Evaluation of the theme model
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 Background themes
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Evaluation of the theme model
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 Perplexity
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Evaluation of Theme Visualization
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Evaluation of Theme Visualization
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Evaluation of Theme Visualization
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Multi-modal cuisine summarization

58

 Chinese Cuisine
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Multi-modal cuisine summarization
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 Italian Cuisine
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Cuisine-Course Pattern Analysis
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 Cuisine distribution conditioned on certain theme
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Cuisine-Course Pattern Analysis
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 Cuisine distribution conditioned on certain theme
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Cuisine Recommendation
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 Cuisine similarity graph
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Cuisine Recommendation
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 Recommend both relevant cuisine and course 

information give the ingredients.
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Outline
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 Introduction

 Two cases
Landmark Analysis

Cross-Region Food Analysis

 Conclusions
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Conclusions
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 propose a multi-modal multi-attribute topic modeling and 

analysis framework, which is capable of discovering 

themes conditioned on different attributes and visualizing 

them for landmarks and recipes.

 Collect a real-world multi-modal multi-attribute landmark/ 

recipe dataset  Landmark-20 and Yummly-66K 

(http://isia.ict.ac.cn/dataset )



In
s
titu

te
 o

f C
o

m
p

u
tin

g
 T

e
c
h

n
o

lo
g

y
, C

h
in

e
s
e
 A

c
a
d

e
m

y
 o

f S
c
ie

n
c
e
s

Future Work

66

 Geo-multimedia computer vision: e.g.  high-level 

attribute learning, large-scale visual feature 

learning

 Geo-multimedia knowledge graph construction 

and learning

 Cross-platform geo-multimedia correlation 

modeling

 Explore more interesting and useful  applications 

in vertical fields and interdisciplinary fields 
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Thank you!


