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Deformation Analysis of Modified Maps Based on
Geographical Accuracy and Spatial Context

DAISUKE Kitayama,t Ryone Legf?
and KAZUTOSHI SUMIYAT!

Modified maps are widely used for a variety of outdoor activity such as sight-
seeing guide helping people look for geographic objects with much simplified
figures. However, modified maps often become trouble some due to the in-
accurate information by excess modification and incorrect editing. Therefore,
a method of analyzing map credibility and evaluating map modifications are
needed. We consider that there are tolerated modifications and not tolerated
modifications on a modified map. For example, in modified map for guiding
route, geographical objects on the route should be accurate, on the other hand,
geographical objects on outside of route do not have to accurate because these
objects are additional information. Then, we consider that evaluating map
modification is differed by type of modification. Therefore, we define spatial
contexts as types of modified maps and propose a deformation analysis based
on geographical accuracy for modified map and how much they differ from what

the spatial context of modified map.
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Fig.1 Real space and modified map.
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Fig.2 Example of the general oriented map.
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Fig.5 Concept image of deformation analysis.
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Fig.6 Detection of changing position.
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0000000000300 00000000UD0O0 20000000000000 4%0O
goobooooooooooooooobooooooooooooboOooboOoooooboo
oobooooooo
goooooboooooboocooooobooooooon

1 (order(oi, 04,0k, M) # order(o;, 05, 0k, R))

0 (other) ()

d(Oi,O]‘,Ok):{
order(0;,0j, 0k, M) = {dg|dist(ds) < dist(dg+1),ds = V{a,b} € {0s,05,06} € M}
(12)
000 o;00;00,000000000000000dO00O0OOOOOOOOOOOOO
0000000000000 00000 10000000000 0000000 order O
joboboooboboboooooobooboooooboooboboboooooooobooboon
goooooooooooooooooooooo MOOoooOOOOODOOOODDOO
ooooOoROOOOODOOOOOOOOO0OOOO0d, 0000000 o;00;00, 0000
g200000000000b00b0ooooboobooboooobbbo0ooobDobo
goooobOo0oooOoDOooboobo Xyooooooboooooboooooobo
gobooooOoOobooOoOobOoo0oO0oobo0oooboOo0oboooUoooDoo MOOO
O ROOODOOXYDOOODOOOOOOOOOOOOODOODOODODOOODOODO
000000 order D0 OUODOOUOOOOUODOOODOUODOOO order0doooono
gbobooooooboobbooboboooooboobsoboooobooooboDobUobo
gobooooooooooooboobobo
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5. O g

5.1 OO0O0OO0O00O000

00000000000 Visual Studio 20100 CAO0ODOODOODOOO 700 800 9
goooboooooooobooooooobooOooooOouooobooooooboooooooboo
WebOOOO URLOOOOOOOOOOOOO URLOOOOOOOOOOOOOOOO
goooobooooooooboobooooooooOooobOobOoO0oOoboobOOoboOooobooObo
goooobooocooooobocooooOoboOoooooobOOoOoOooOooOoCcOoOoOooDon
goboooooboooooooboooooocooobooooooo

goooooooooooooboooooooboOooOoOoooOoOobOOoOoOoooOoDoDbon
gooooboo400000000000000O0O0O0O0O0OCOOOOODOOOODODOO
Web OOOOOOOOHTMLODOODOOOODODOOOOOO URLOOOOO0 IMGOO
gooooooooooooooOoOoOoOoOOoOOOOTITLEDOOOOOOOOOOO
ooo

goooooooooooooooooboooooooOoboooooooobooooooobo
gobooobooooboooobooboooboooobooo

goooooobooooooooboobooboobooboobOoboboobOOobOboDOo
0 Panasonic 0000 OCROOOOO*OODDOOOCRODOOODOOOOODOO
000000000 XOOOOoO YOOOOoOOoooDOoOoooooooOoYahoolDOOO
gooooooooooooooooooobooooooooooooDbboooooDboo
gogooCcrROOOOOOOOOOOOOOOOOOOO0OOOOODOOOOOOOOOO
gooobooooooooboooobooboooooobooboooobooooon
gooooooooooooooobooooboOoboOooooboooOoooOoooDooObooo
goboooobooooooboooooocooboocOol1b0l100o0oo0oooOooobooooDooo
gooobooboooodooboooooooobooooboooboOoobooooboboboooooDoo
gooobobooooooobooooooboobooooOoOoboOooooobooOobOoOoooOooDon
goooooodouoooooooooooboboboOoboboOoboooooobooboooDboOobo
oooooooooooooooooooooooooooooboooboooXxoooyooo
goboooboooooooooobooooboOoobOoOobooOoooDon

*1 http://panasonic.biz/it/sol/ocr/sdk/
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Fig.7 The prototype system: Example 1.
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Fig.8 The prototype system: Example 2.
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Fig.9 The prototype system: Example 3.

goboooooooooooooobooooobooboOooooooOooooooooooo
gobooobooooooooooooooooobooobo0ooooooooooboooDobo
0o0o0ooooooooooOoOoooO0oO0ooooooooooooo ocrRbObOOOD
goooboooooooooobooooooboobooooooobobooooooooooDoobo
goooooooooooooooooobooboooboooooboooboobooooooDoboo
ooooooooooooooooooooooooOoOoOObObObObObObObOOoOoooo

ooobooooooboooboOooooooOoOoboboOoOO0ObO00 cOODOOOoOoobooObOOOOoo
0Op0000000000000000000D000O0O0O00O0O0O0D0 0 1200000
0000000000 y0 10%0000000000000000O00O0ODOODOOODOO
goooboooodooooboooooboooboboooooooboooooooobooobobo
goboooooooooooodoob ocobboooboobooooooobooooooa
00000 s%00000000000000DO0O0ODOO

gooboobooodooooooooooooobooboOobooobOboobobobooOoooooboo
gooooboooooooooooooooobooobooOoOoOoOO0OoOoobOOoboOoOooobooboo
goooobooooooooooboooooooboooooooobooOobcOooboooDooOoOooo
goooobooboooooooobooooooboobooooooooOoboooboOoooooDoOobooo
gooobooocoooooooooooooooboooOoooobooOoboooooooooboo
gooooooooooboooooooooboooobooooob0ooooobooboOoooooooboo
goboooooooboooooboooooooobooboboooooooobooooooon
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5.2 OO00OO0OO0OO0O0OO0OO0O0O0

000 WebOODOOOOOODOOOOOOODOOOOOODODOOOOOOOOODOD
goooooooooooooooooooooo0oooooboooobooOooooooDoo
goooooooooooooboooooooobooooooooooooooooDoOobOoo
3400 Web0OODOODO*OOODOOOOGoogle00DOOODDO0O0DMOODOOO
otoooooomoomoootooooooooooooooooOo@m@moomoo
ocoboooooooooOooooooooobobOOoOoOoOooooboOOOobODbOoOoooobooooDo
ooooooooooobooo oo boooooooooooobobobboooooo
0000000000000 00000000000000 WebOOOOODOOOO 30
gooobooooooooboobobooooooooooooooooooogooooooo
gooobooboodooooooooooooooooboOobOoooooboobOoOoooooo
gooooooon

40000000C0C000DOCOOOOOOOOODOOCOOODOO31000000
goooooooooooboooobooboooboboOoooobooOboOoooooboOobocOoOoooOoDbOono
gooooooooooboooobooobooboOoooobooOoboOooooooOobobOoOoooDbobo
gooooooooooooooboooooboooobbooooooboobOoooooboo

x1 000000000000000000000000000O0000O0O00000000 WebOOOOOOO
J000000000000000000000000000O0O000O0000O0O000O0O0O0B0OO00O000
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03 000000 WebOOOOO

Table 3 Examples of experimental data of Web pages.

oo oooo URL ooooooooo oooo
1 00000000000 000 00 |00000000000000com http://kyoushujo.com/detail t_06303.html goooooooo ooo
2 ooooooo http://www31l.ocn.ne.jp/ himejikaho/gaiyou/himejiaccess.html | 00000000 | 0000000 0ODO
3 00D00000000000000000D0O0 http://www.shosya-g.co.jp/map.html 0ooOoooooo ooo
4 000000000000 000000000O0000000O00O0O000000OD0 http://www.e-nation.jp/access/mapl2himeji.html 0oooooooo ooo
5 0000000 |000000 |00000000 http://www.himeji-du.ac.jp/life/himeji_map/ 000000000 | oooooooDoo
6 0000000 |000000 |000000000000 |0D000000 http://www.himeji-du.ac.jp/access/traffic/ ooooooooo goooooooo
7 000000 -000000b000000 -0000 http://www.toyo.ac.jp/himeji/access_j.html 000000000 | oooooboooo
8 0000D0oooooooooo http://www.city.himeji.lg.jp/guide/map.html 000000000 | oooboDoOoooo
9 OooO0oOoooOo0oooooooo http://www.himejicastlehotel.co.jp/map2/index.html goooooooo ooooooooo
10 000000000 |00000—0000000000— |00000000D000000000D000000 | http://www.gin-basha.jp/ensen/ensen.html ooooooooo ooo
00000000000000000000000000000000000000000 b4 0oooooooooood
Table 4 Result of determining object’s roles.
goobogoooooooooo o3boboobooboonog
oooooooD gooooooo oooooooD

Os0000000DO000b0000000bO0O000O00 6000 YOOOOODOO
gooooboooooooobooooboooobooooboooboooboooobooooOoDo
gobooooooooooooooooOoooooOooobooboooooOboOooooooDo

goooooooooo4000000D00000O0DODOOOOOOOOOODODOO
gooooboooooboboooooboooooooooooooooboobooDo
goooobooooooooobooboooooboooooooobobooooDboo
goboobooooobooooboooboooobooooobobooDobobDoDOoODOo
goooooooooooooooboooboooooboboooooboobooooDboo
ooo

oooooooooooryooboooooooobooOoooooOooOobobobobooboOoooo
bobooboooooooboooobooooboooobOo0boboooboOoboboOoDo
gobooboobooooobooooooobOooboooooboOoooOoOobooooooDo
goooooooooooooocoooboobooooobooboooobobooobOooooboobo
gooooooooooooobooooooboOooOooobobooooOoOoOoOooOoDbono
gbooobooooooooboooobooooooobooOooOo0oboboDbOoOooOoDbo
gbooooboooooooobooooboooobooooooobooboboobOooooDbo
gboboobooooboooboooobooooboooobOoOooOoboooooDo
goboooooooobooooobooooooboobooobooooboooooobobooooDooo
goboooooooooooobooooboooooOoOoobooOooooooooo
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ooo 0.89 (124/140) 0.98 (41/42) 0.68 (27/40)
000 | 0.93 (124/134) 0.89 (41/46) 0.79 (27/34)
05 O000O0O0O0O0OO0OOOOO
Table 5 Result of determining spatial context.
ooooooo
goooogoooo ooooooooo ooo ooo
0000 | 0oooooooo 10 1 7 0.56 (10/18)
oo 0oooooooo 0 9 4 0.69 (9/13)
ooo 1 0
000 0.91 (10/11) 0.90 (9/10)

5.3 ODO0OO0OO0OO0OOOOOO

goboboboooooooboboOooooboooooOobooOoooobooboOoooooDooboo
gooooboooooooooooboobooboOoboOoooobooOooobooOooOoooODboboo
otbooooooooooooboobooooobOoboOooobooooobOOoboOoOooobooObo
gobooo1l1ooo0oooboocooboo oobooooooooobooooooOoobooo
gboooooboooboooooboboooboooobobooobooboboooOoboooDbo
gbooobooooobooooobooooooooobooobooboboOoboboobOoOoooDo
gbooobooooboooooboooobooboooooooOoobooboooboooboonn
goooobooooooooooooooooooobooooooooocooooooDooonoo
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0000000000000000000000000000000000000 50%0
000000000000 0000D0OMAPOMean Average Precision0 00000000
oooooooooooooo

Q| m;

MAP(Q) = @1‘ Z T:L Z Precision(R;j) (13)
i=1 j=1

Recall(i) = % (14)

000 QOOODD000D000000000m 000000000000 50%000
00000000000 61000000000000000R,;0000:0000 ;50
00000000000000000Precision 000000000000 R; 00000
000000000000000S,000:0000000000000000 50%00
00000000000C; 000 {000000000000000000000000
0000000000000 G O0000R00000000000000
000000 600000000000 0420000000000000000 50
1.670000000000000000 (13)00000 2™ Precision(R;) 000
000000000000000000000000000000000 MAPOOOOO
00000000000000000

000000000 MAPO 0420000000000004900000000000
00000 MAPD 03800000 055000000000000000 MAP O 0.460
0000 0440000000000000000000000000000000000
00000000D000000000000000D000000000000000000
000000000000 00000000000040000000000000000
00000000000 00000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000 0000000000000000000000000000
000000000000000000000000000000000000
000000000 MAPO 05600000000 0.6000000000000000
00 MAPO 06400000 047000000000000000 MAPO 0480000
00740000000000000000 MAPOOOOOOOOOOOO000D000DO
00000000000000000000000000000000000000000
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06 O0OOOOOODOODO
Table 6 Results of analyzing geographical accuracy.

goooooao ooooooo
goooooooo oo ooooo ooo ooooo ooo
1 0.75 0.75 1.0 0.50
ooooo 2 1.0 1.0 0.53 1.0
oooo 3 0.0 0.0 0.67 0.50
6 0.0 0.0 1.0 0.33
7 0.17 1.0 0.0 0.0
oooooooo 0.38 0.55 0.64 0.47
4 0.75 0.67 0.25 0.67
goooo 5 0.52 0.71 0.77 0.43
oooo 8 0.0 0.0 0.50 1.0
9 0.0 0.0 0.20 1.0
10 1.0 0.80 0.70 0.60
gooooooo 0.46 0.44 0.48 0.74
goooo 0.42 0.49 0.56 0.60

gooooboooooooooooooobooboboobOobOOoOo0oooooOoooobooooooDoo
goooooobooooooobooooooobobooooooboooobbooboboooDDbOo
gooooboooooooooooooobooboooooooboooooobooboooooDoDo
goboooobooobooooboooobooboo
gooooooooobooobooooooooboooboooobooboooooDoo
goooooobooooobooooboooobooooboooooboooOoDOo
gboboobobooodooooodoooobooboooooooooboooooooooo
o7ooooboobooboboobobOobOOoOoOoOobOOoOooOoOooOoOoOoooOooooooobooon
gooooooooodooooooboooooobooo0ooboobooOoooobooOobOoOoboo
goooobootoooooobooooobooobOoooooboOobOoooooboobOooooooboo
oooooooooboooooobooooooooobooo0oooooboooboooobooobo
boooooooobooooooooocooooooOoOoboOooOooOooOoboOoOoooDbObooo
gobooooobooooooooooooboooooOoobobooooOoboooDboboo

6. 0O 0O O

gooooooooooooooooooooooboOooboboooobooboOoooooDooo
gooooooooooooooboooooooboooboooooobooboobooooooDooo
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