LEARNING THE TRIP SUGGESTION FROM LANDMARK PHOTOS ON THE WEB
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ABSTRACT

In this paper, we introduce a novel touristic trip suggestion

system to facilitate the traveling of mobile users in a given

city. Given the current user location and his touristic destination, our system can suggest a shortest trip path that visits as

many popular landmarks as possible. To this end, we collect

geographical tagged photos from Flickr [1] and Panoramio

[2] photo sharing websites. Then a geographical graph is constructed by modeling photos as vertices and their geographical and visual closenesses as connection strengths. In this

graph, we mine a dominant subgraph by quantizing nearby

and visually duplicated vertices, and then trimming unpopular subgraphs. Such dominant subgraph only retains the popular landmarks from the consensus of travelers in this city. In

online suggestion, we map the current user location and the

target location to the nearest vertices in this subgraph, based

on which an optimal trip is suggested through a shortest path

search. We have quantitatively validated our system in typical

areas including Beijing and New York City, with quantitative

comparisons to alternative approaches.

Index Terms— social media, tourist recommendation,

trip suggestion, graph quantization, shortest path

1. INTRODUCTION

With the ever growing popularization of mobile phone cameras, there is a great potential to utilize mobile phones for

visual search and location related applications, such as landmark identiﬁcation, location recognition, tourism recommendation, as well as photographing suggestion.

In this paper, we propose a novel application scenario

named Touristic Trip Suggestion: Given the current user location and his target location or trip destination (both e.g.

GPS coordinates), we aim to recommend a shortest trip route

online, which meanwhile covers as many popular landmarks

as possible. We achieve this by exploring the geographical

tagged photos on the Web community, based on which we

mine the best trip from the consensus of community users.

To this end, we propose a graph based trip suggestion

framework. In ofﬂine learning, we ﬁrst collect trip photos

from Flickr [1] and Panoramio [2], then we build a geographical graph by modeling photos as vertices and connecting them

based on their geographical and visual closenesses, where visual closeness is measured by GIST [8] distances. Then, we

quantize this graph by grouping nearby vertices, then trim unpopular subgraphs to output a dominant subgraph within each

city, which largely improves the online recommendation efﬁ-

ciency while avoiding the visit of duplicated landmarks. In

online suggestion, both the user location and his target location are mapped to the nearest vertices in this dominant graph

respectively. Our system then suggests a trip in this dominant

graph, which ensures traveling path as short as possible, while

enabling the mobile user to view as many popular landmark

as possible during his traveling.

Related Works: Towards trip suggestion, there are no

directly related works, while most previous works aim at

touristic recommendations, such as mining landmarks and

their photographing views. For instance, Kori et al. [5] analyzed typical travel patterns from local blogs, where blog

texts and extracted location names are phased based on [6].

Then, they ordered the appearance of the location names in

the blog to indicate the landmark traveling order sequence.

Typical travel patterns are subsequently found by association rules based pattern mining over the extracted location

names, time periods, and types of experiences. Hao et al.

[3] proposed a location overview generation approach, which

ﬁrst mines location-representative terms from travelogues and

then uses such terms to retrieve Web images. The learnt terms

and retrieved images are presented to provide an informative

overview for a given location. Ji et al. [4] also proposed to

mine city landmarks from blogs, and subsequently suggested

personalized tourism suggestion, in which context, content,

and community information are fused in both PageRank and

HITS style to simulate both static and dynamic ranking of

landmark photos. When a blogger uploads a tourism article,

work in [4] automatically suggests the cities, landmarks, and

views based on his/her tourism logs. As a successive work,

Arase et al. proposed to mine people’s trips from large scale

geo-tagged photos [7], which mainly relied on trip segmentation and frequent trip patterns mining.

Figure 1 outlines our proposed framework. Section 2 introduces our dominant graph mining from touristic Web photo
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users from Web touristic photo collections.

collections. Then, Section 3 presents the online trip suggestion strategy. Finally, Section 4 shows quantitative results in a

0.5 million geographical tagged photo collection, with comparisons to several alternative approaches.

2. MINING DOMINANT GRAPH FROM

COMMUNITY TOURISTIC PHOTOS

We aim to mine a dominant trip graph from the geographical

tagged, user traveling photos collected from both Flickr [1]

and Panoramio [2]. Mapping such photos into the geographical map forms our basis to show the user traveling activities

e.g. popular landmark locations. We then mine a dominant

trend from this geographical distribution map, which is utilized to give online trip suggestion for mobile users.

2.1. Geographical Graph Construction

Given the geographical photo collection as fPig

N

i=1

, ﬁrst a

fully connected graph G is built to model fPig

N

i=1

as vertices

fgig

N

i=1

and the connection strength of vertices gi and gj as:

D(gi

; gj ) = DGeo(gi

; gj ) 
 DV isual(gi

; gj ) (1)

Here, DGeo(gi

; gj ) denotes their geographical distance on the

map measured by the L2 distance of their (latitude, longitude)

vectors; DV isual(gi

; gj ) is their visual similarity measured by

their GIST descriptor distance [8].

Such combination is to incorporate the visual similarity to

reﬁne the imprecise geographical tagging, as well as to highlight the most popular photos (making them more dense in the

subsequent mining). It is reasonably assumed that the amount

of the amount of visually similar (or near-duplicated) photos

within a given geographical region may reveal its popularity.

2.2. Dominant Trip Graph Mining

In our subsequent trip suggestion, the best matched touristic

trip is achieved by searching the shortest path in this dominant

subgraph. We consider two issues in mining a dominant trip

graph from this geographical graph:

Algorithm 1: Graph Quantization to Mine Dominant

Graph From Touristic Photo Graph

1 Input: G = fgig

N

i=1, Quantization Number K, Iteration

Number: Num;

2 Output: GQuantized = fg

′

ig

K

i=1;

3 Initialization: Initialize in total K clusters;

4 while fUn-converged —— Iteration < Num g do

5 for fEach Node gi in Gg do

6 Assign gi to the nearest clustering in K;

7 end

8 Assign K clusters into GQuantized = fg

′

ig

K

i=1;

9 end

10 Quantize graph GNew (N

′

vertices) into

GQuantized = fg

′

ig

K

i=1 (K nodes) based on clustering

assignment of each vertex in GNew;


 Efﬁciency: The online recommendation complexity

largely relates to the number of graph vertices. Therefore, this search is inefﬁcient in the original graph

which contains, for instance, one million vertices.


 Robustness: In addition, we want to ﬁlter out unpopular locations before making touristic trip planning to

improve the trip suggestion robustness.

Graph Quantization: Our ﬁrst step is to reduce the scale of

vertices by quantizing the original graph. Our quantization

aims to reduced graph G by conducting k-means clustering

of G, as shown in Algorithm 1. As a result, a quantized graph

GQuantized = fg

′

i

g

K

i=1

(K nodes) is output for the subsequent

graph trimming and shortest path mining.

Popularity based Graph Reduction: We further reduce

the quantized graph GQuantized via cutting vertices based on

their popularity. This popularity comes from:


 The geographical distribution density of photos within

this vertex, whose higher density indicates that the

quantized vertex comes from an attractive region. Such

vertex may be subsequently applied to suggest the

traveling trip online.


 Whether those photos falling into this quantized vertex

is visually similar, since it is commonsense that popular

landmarks tend to produce near-duplicated views of the

landmark location in tourism photographing.

To fulﬁll above two criteria, we propose the following geographical density estimation with visual rectiﬁcation as:

P opularity(g

′

i

) =

∑

Quan(gj )=g

′

i

∑

Quan(gk)=g

′

i

exp (D(gj ; gk))

(2)

Therefore, a vertex in GQuantized that contains more visually

similar photos is more popular. Then, we ﬁlter out unpopular

vertices in GQuantized by only retaining vertices that:

GDominant = fg

′

i

jP opularity(g

′

i

) > Tg (3)
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