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◆P◗❘❱◆❲❘
Many photos shared on photo-sharing sites are annotated
with tags and geo-tags. Some studies have demonstrated
extraction of the geographical characterization which a tag
represents as regions using those metadata. However, in
some cases (e.g. coastline), a line is more suitable than a
region as a geographical characterization of a tag. Therefore,
we proposed a novel method to extract lines as a region
as a geographical characterization. Results show that the
distance of a coastline and many lines of our method is less
than 500 m. Although, in this paper, only the coastline has
been evaluated, this method is applicable to other tags as
well.
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Analysis and Indexing
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✈① ③⑤❘❱⑥❥⑦❲❘③⑥⑤
Photo-sharing sites such as Flickr 1 include many geo-

tagged and tagged photos. Geo-tags are annotated by digi-
tal cameras and smart phones equipped with GPS, and tags
are annotated by social tagging from many users. Those
metadata are used to extract geographical characterization.

1http://www.�ickr.com/
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Table 1: Distribution of photographic locations from an ac-
tual coastline.

Tag #photos ➸ ➺➻➻➼➽➾➚ ➸ ➪➻➻➼➽➾➚
beach 2,488,923 51.34 80.44
sea 1,689,924 48.20 76.77

coastline 60,245 56.25 82.54
shoreline 47,114 51.92 70.93

Spatial knowledge such as locations in which people are
interested and other aspects of the geographical environ-
ment can be ascertained from geographical characterization.
Some studies have proposed a method to discover areas that
a tag represents and hotspots, de�ned as places where many
people take photos, using photos with tags and geo-tags [1],
[2], [3], [4], [5], [6]. We also have studied a method to extract
hotspots and to compute the relation of hotspots [7]. How-
ever, these approaches are unsuitable in all cases because
some tags should not form regions but lines (e.g. �coastline�
and �railway�). Therefore, we propose another approach of
extracting geographical characteristics as a line from photo-
sharing sites.
Our hypothesis is that allocation results of photos with a

particular tag on a map based on its location visualizes the
geographical characteristics such as the shape or split of the
tag. Also, we inferred that photos tagged with �coastline�
tag are almost all taken near a coastline, and the coastline
can be extracted from the �coastline� tag. To verify this
hypothesis, we attempt to extract a coastline from geo-tags
and tags annotated to photos on Flickr, and evaluate it.
We speci�cally examine the coastline because the coastline
shape is clear and high-resolution data of coastlines are re-
leased on the Internet. Therefore, we evaluate the accuracy
of our method quantitatively using these actual coastline
data. In this paper, although we evaluate only coastlines,
this method is applicable to other tags.

➶① ➹❱➘➴③➷③⑤◆❱➬ ➘➮➹➘❱③➷➘⑤❘
To draw a coastline using locations where photos with

the �coastline� tag were taken, the closeness of an actual
coastline and locations where photos were taken are cru-
cially important. Therefore, we investigate and quantify the
geographical credibility of social tagging, de�ned as the dis-
tance between photographic locations with a tag and a place
where the tag represents, using a coastline data as prelim-
inary experiments. Here, high credibility means that most
photos annotated with �coastline� tag are taken near coast-
lines.





Algorithm 2 Connecting coastlines between adjacent cells.

1: foreach ❝�✁✁☛ ✷ all cells that have a line do
2: foreach ♣✂✄☎✆☛ ✷ both end points on ❝�✁✁☛ do
3: ❝�✁✁s ✭ ✣

4: foreach ❝�✁✁❆ ✷ around(❝�✁✁☛) do
5: if is_exist_point_in_cell(♣✂✄☎✆☛,❝�✁✁❆) then
6: ❝�✁✁s ✭ ❝�✁✁s ❬ ❝�✁✁❆

7: end if
8: end for
9: ❝�✁✁☞ ✭ max(❝�✁✁s)
10: s✄✝� ✭ get_side_between_cells(❝�✁✁☛,❝�✁✁☞)
11: ♣✂✄☎✆s ✭ get_points(s✄✝�)
12: ♣✂✄☎✆☛ ✭ center(♣✂✄☎✆s)
13: redrawline(❝�✁✁☛)
14: end for
15: end for
16:
17: foreach ✁✄☎�☛ ✷ all lines for which both end points are

not connected do
18: delete(✁✄☎�☛)
19: end for

nected are deleted.
Finally, remaining unconnected coastlines that exist in

isolated cells are complemented. A fundamentally impor-
tant idea is that unconnected end points that are closed are
connected sequentially. However, some cases are not suit-
able this method as shown Figure 3(a). Therefore, we �x
a coastline as shown Figure 3(b). In Figure 3, a blue line
shows a line of basic idea. Yellow lines show deleted lines
by �xing. A green line shows a line with �xing.
Algorithm 3 shows a pseudo-code of a method to com-

plement remaining unconnected coastlines that exist in iso-
lated cells. A �xing method uses a direction of a line. A
method for �xing is the following when ✁✄☎�❆ and ✁✄☎�✐ are
connected. Herein, an end point of ✁✄☎�❆/✁✄☎�✐ is named
�♣❆/�♣✐. A cell that has ✁✄☎�❆/✁✄☎�✐ is named ❝�✁✁❆/❝�✁✁✐.
(1) Directions of �♣❆ and �♣✐ are computed. Directions are
de�ned as the side on which the end point of the line ex-
ists. For example, if �♣❆ is located on the left side of ❝�✁✁❆,
then the direction of �♣❆ is �left�. In addition, if �♣✐ is
located at the vertex of upper left, then the direction of
�♣✐ is �top-left�. (2) If the direction of �♣❆ and �♣✐ are
facing each other, then ✁✄☎�❆ and ✁✄☎�✐ are connected by
connecting �♣❆ and �♣✐, and �xing is �nished. Facing each
other is de�ned as �♣❆ = �left� and �♣✐ = �right�, or �♣❆ =
�top-right� and �♣✐ = �bottom-left�. (3) Repeat the proce-
dure from (1) with shortening ✁✄☎�❆ and ✁✄☎�✐ by one cell
alternately.

✹✞ ❊✟✠❊✡✌✍❊✎✏ ✑✎✒ ✡❊❘✓✔✏❘

To examine the performance of our method, we collect
218,566 photos tagged with �beach� in the UK. Also, to ex-
amine whether our method is applicable besides a coastline,
we collect 6,955 tagged with �shinkansen�, which is a high-
speed railway in Japan. Photos whose latitude or longitude
is an integer value was excluded from these dataset because
probably it is wrong data.
Figure 4, Figure 5 and Figure 6 show results on Google

Maps 3. In Figure 4 and Figure 5, each (a) shows a grid

3https://maps.google.com/

Algorithm 3 Complement remaining unconnected coastlines.

1: argument: ♠✕✖✝✄s✆ /* an integer value to decide maxi-
mum distance to permit connection */

2: argument: ♠✕✖✝�✁ /* an integer value to decide maxi-
mum number of deletable lines */

3: argument: ✝✄s✆✆✕❞✁� /* a table that includes all pairs of
end points and distance between unconnected lines */

4: sort_order_by_distance_ascending(✝✄s✆✆✕❞✁�)
5: foreach r✂♦ ✷ ✝✄s✆✆✕❞✁�

6: ♣✶ ✭ get_�rst_point(r✂♦)
7: ♣✗ ✭ get_second_point(r✂♦)
8: if not_connect(♣✶) and not_connect(♣✗) and

get_distance(r✂♦) ❁ ♠✕✖✝✄s✆ then
9: for 1 to ♠✕✖✝�✁ do
10: if try_connect(♣✶,♣✗) then
11: break
12: end if
13: ✆♠♣✶ ✭ ♣✶

14: ♣✶ ✭ get_connect_point(get_another_point(♣✶))
15: if try_connect(♣✶,♣✗) then
16: break
17: end if
18: ✆♠♣✗ ✭ ♣✶

19: ♣✶ ✭ ✆♠♣✶

20: ♣✗ ✭ get_connect_point(get_another_point(♣✗))
21: if try_connect(♣✶,♣✗) then
22: break
23: end if
24: ♣✶ ✭ ✆♠♣✗

25: end for
26: end if
27: end for
28:
29: declare function try_connect (♣✶,♣✗)
30: if aim_to(♣✶,♣✗) and aim_to(♣✗,♣✶) then
31: delete_connect_line(get_connect_point(♣✶))
32: delete_connect_line(get_connect_point(♣✗))
33: redrawline(♣✶,♣✗)
34: return true
35: end if
36: return false
37: end function

position, and (b) shows lines of our method in red lines at
the UK. Figure 5 are obtained by reducing the grid size
of Figure 4. The parameters are ✘ ❂ ✶✙✚♠✕✖✝✄s✆ ❂ ✙✚

♠✕✖✝�✁ ❂ ✙. In both Figure 4 and Figure 5, coastlines
are almost reproduced. Comparing Figure 4 and Figure 5,
Figure 5 reproduces details of shapes of a coastline more
clearly than Figure 4 especially green arrow in Figure 5(b).
However, the peninsula is extracted as an island by breaking
lines (blue arrow). This is caused that our method connects
coastlines that are broken o� by the shortest distance.
In Figure 6, (a) shows the position of the railway, and (b)

shows lines of our method in Japan. The parameters are
✘ ❂ ✸✚♠✕✖✝✄s✆ ❂ ✙✚♠✕✖✝�✁ ❂ ✙. Although the number
of photos are a few, most lines trace actual shinkansen rail-
ways. Part of lines are located at a place where there is
not a shinkansen but there is a train. This is caused that
some people annotate the �shinkansen� tag to a photo which
re�ects a train. In this paper, parameters were chosen by
comparing and seeing only some patterns. Therefore, we



(a) Position of grid

(b) Our method

Figure 4: Results on coastlines (large grid).

(a) Position of grid

(b) Our method

Figure 5: Results on coastlines (small grid).

(a) Actual lines

(b) Our method

Figure 6: Results on
shinkansen.

Table 2: Distance between actual coastline and lines of 4(b).
Distance ★lines in Fig. 4 #lines in Fig. 5
✵ � ✷✁✵♠ 112 (59%) 174 (73%)
✷✁✵ � ✁✵✵♠ 10 (5%) 22 (9%)
✁✵✵ � ✼✁✵♠ 9 (5%) 14 (6%)
✼✁✵♠� ✶❦♠ 4 (2%) 10 (4%)
✶❦♠� 55 (29%) 20 (8%)

should �nd the most suitable parameter, because parame-
ters are not optimized strictly.

✺✂ ❊✄❆☎✆❆❚✝✞✟

We compare the actual coastlines and lines of our method,
and evaluate the accuracy of our method quantitatively. We
calculate the shortest distance between a line of our method
and the nearest actual coastline from our method every each
line in a cell. Here, we use OpenStreetMap data as the actual
coastline data.
Table 2 shows the distributions of the shortest distance

in Figure 4(b) and Figure 5(b). The shortest distance of
some lines is over 250 m. The cause is described in Section
2: about 20 % photos are located at far away (over 500 m)
from the actual coastline. In other words, the dataset to
draw coastlines includes some error. This fact results from
lines that are drawn inland in Figure 4(b). However, lines
drawn at from 0 m to 250 m are the most numerous in both
results. This shows that our method has good performance.

✻✂ ❈✞✟❈☎✆✠✝✞✟

As described in this paper, we proposed and evaluated a
novel method to draw lines from many points as another ap-
proach of extracting geographical characterization. Then we
demonstrate that most coastlines by our method are close to
the actual coastline, and our method can extract geographi-
cal characterization that a tag represents from geo-tags and
tags. As future works, we will improve performance and

adapt to complex shaped lines (e.g. Y-split) by discovering
suitable parameter for each tag and improving algorithm.
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