
 

 





  ......................................................................................................................... 6 

  ......................................................................................................................................................... 6 

  ................................................................................................................................ 6 

  ................................................................................................................................. 6 

  ........................................................................................................................................................ 7 

  ................................................................................................................................ 7 

  ................................................................................................................................................... 7 

  ..................................................................................................................................................... 10 

  ..................................................................................................................................... 11 

  ............................................................................................................................................. 12 

  ..................................................................................................................................... 13 

  ..................................................................................................................................................... 14 

  .................................................................................................................................... 16 

  ................................................................................................................................................ 17 

  ............................................................................................................................. 17 

  ........................................................................................................................................................ 17 



 

 

 

 

 

 

 

 





 

 
o 
o 

 

 

 

 

 

 

 

R E
 iP R

R ijkE

iP jP kP 

 ),( ijkaaijk EPdistPE

http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB6a.png
http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB6b.png


 

 

 

 

 

 

o 

o 

 

 

 

a 1n

),,,( 10 naaaa  ()a

),,(,3),,,( 10 iiiin zyxPnPPPR  

 0P nP nPP 0
 

ki

ki
nk
ni

PP 




10
10




 ),( 1ii PP ),( 1kk PP kinkni  ,10,10 

http://www.schemacentral.com/sc/niem21/e-gml32_posList.html
http://www.schemacentral.com/sc/niem21/e-gml32_Curve.html
http://www.schemacentral.com/sc/niem21/e-gml32_LineString.html
http://www.schemacentral.com/sc/niem21/e-gml32_LinearRing.html


),,,,( 03210 PPPPPR 
𝑅 = (𝑃0, 𝑃1, 𝑃2, 𝑃3, 𝑃0)

)1,3,1(

)1,3,3(

)1,1,3(

)1,1,1(

3

2

1

0









P

P

P

P

),,,,( 032101 PPPPPR  ),,,,( 012302 PPPPPR  𝑅2 = (𝑃0, 𝑃3, 𝑃2, 𝑃1, 𝑃0)

),,,( 3210 PPPPR  ),,,,( 02310 PPPPPR  ),,,,,,( 0423410 PPPPPPPR 

4P

)1,2,2(4 P

http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB3.png
http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB4a.png
http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB4b.png
http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB4c.png


),,,,,( 034210 PPPPPPR  ),,,( 0210 PPPPR 

)0,4,2(4 P

http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB5a.png
http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB5b.png


 

 S SR

 0n

 

 

 

http://www.schemacentral.com/sc/niem21/e-gml32_LinearRing.html
http://en.wiki.quality.sig3d.org/index.php/File:InnerLoops-02-2.png
http://en.wiki.quality.sig3d.org/index.php/File:InnerLoops-04-2.png
http://en.wiki.quality.sig3d.org/index.php/File:InnerLoops-05-2.png


 iP

jP kP ),,( kji PPPE n


jiPP 𝑃𝑖𝑃𝑗⃗⃗ ⃗⃗ ⃗⃗  
kjPP 𝑃𝑗𝑃𝑘

⃗⃗ ⃗⃗ ⃗⃗  ⃗

kjji

kjji

PPPP

PPPP
n








),,,,( 032101 PPPPPR  ),,,,( 012302 PPPPPR 

 

 

 

http://www.schemacentral.com/sc/niem21/e-gml32_LinearRing.html
http://en.wiki.quality.sig3d.org/index.php/File:Teil1-ABB7.png


 

},,,{ 21 nSSSM  𝑀 = {𝑆1, 𝑆2, ⋯ , 𝑆𝑛}

M

http://www.schemacentral.com/sc/niem21/e-gml32_MultiSurface.html
http://en.wiki.quality.sig3d.org/index.php/File:MultiSurface-01a.png
http://en.wiki.quality.sig3d.org/index.php/File:MultiSurface-01a.png
http://en.wiki.quality.sig3d.org/index.php/File:MultiSurface-Explode-01a.png
http://en.wiki.quality.sig3d.org/index.php/File:MultiSurface-Explode-01b.png


 

},,,{ 21 nSSSC 

 kS lS  𝑆𝑙 C P

e

S ),,,( 10

k

n

kk

k PPPR 

iS kS  𝑆𝑙















k

i

k

ijm

i

kjmki

PPeeee

PQQQQ

Ø

SS

110

10

},,,,{

},,,,{





 
k

i

k

ik PPe 1 ),,( 10

k

n

kk

k PPPR  CSk  𝑆𝑘 ∈ 𝐶

l

j

l

jl PPe 1 𝑒𝑙 = 𝑃𝑗
𝑙𝑃𝑗+1

𝑙̅̅ ̅̅ ̅̅ ̅̅ ),,( 10

l

m

ll

l PPPR 

𝑅𝑙 = (𝑃0
𝑙 , 𝑃1

𝑙 , ⋯ , 𝑃𝑚
𝑙 ) CS l ´ 𝑆𝑙 ∈ 𝐶 l

j

k

i PP 1 𝑃𝑖
𝑘 = 𝑃𝑗+1

𝑙

l

j

k

i PP 1 𝑃𝑖+1
𝑘 = 𝑃𝑗

𝑙

 C

 C

C

http://www.schemacentral.com/sc/niem21/e-gml32_CompositeSurface.html


 

},,,{ 21 nSSSC 

 kS lS C P

e

S ),,,( 10

k

n

kk

k PPPR 

iS kS  𝑆𝑙















k

i

k

ijm

k

ijmki

PPeeee

PQQQQ

Ø

SS

110

10

},,,,{

},,,,{





 
k

i

k

ik PPe 1 ),,( 10

k

n

kk

k PPPR  CSk  𝑆𝑘 ∈ 𝐶

l

j

l

jl PPe 1 𝑒𝑙 = 𝑃𝑗
𝑙𝑃𝑗+1

𝑙̅̅ ̅̅ ̅̅ ̅̅ ),,( 10

l

m

ll

l PPPR 

𝑅𝑙 = (𝑃0
𝑙 , 𝑃1

𝑙 , ⋯ , 𝑃𝑚
𝑙 ) CS l ´ 𝑆𝑙 ∈ 𝐶 l

j

k

i PP 1 𝑃𝑖
𝑘 = 𝑃𝑗+1

𝑙

l

j

k

i PP 1 𝑃𝑖+1
𝑘 = 𝑃𝑗

𝑙

 C

 C C

),( CCC EVG  C CV CE v

CV C kS lS  𝑆𝑙 C

),(
lk SS vve  𝑒 = (𝑣𝑆𝑘

, 𝑣𝑆𝑙
) CE

 P C ),( PPP EVG 

P v pV

P e pE

P

C
C S

                                                      
1
 The condition (v) is equivalent to the umbrella axiom presented in Gröger & Plümer 2011. This axiom is defined as 

follows: Each point is surrounded by exactly one cycle that is an alternating sequence of line segments and polygons. 
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