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Structure Recognition

Structure recognition: identify specific cartographic objects 
or aggregates as well as spatial relations, and measures of 
importance

A city model consists mainly of buildings of differnet 
shape, style and roads.



Topics to be discussed

� Identification of objects (buildings).

� Identification of spatial relations.

� Aggregations rules based upon sturcture 

recogoniton.



Simple Buildings



Complex buildings

� Complex Buildings ( contd....)

� Arc Trapzium



Building recognition using NN



NN-bsiac structure



Test Data



City Model



Neural Netweok (NN) approach

BUildingId,BuildingType,x0,y0,z0,x1,y1,z1,x2,y2,z2,x3,y3,z3,x4,y4,z4,x5,y5,z5,x6,y6,z6,x7,y7,z7,x8,y8,z8,x9,y9,z9,x10,y10,z10,x11,y11,z11,x12,y12,z12,x13,y13,z13,
x14,y14,z14635,1,606,477,-1,604,476,-1,603,478,-1,602,478,-1,602,481,-1,605,482, 
1,606,477,0,605,482,0,604,480,1,605,476,1,603,478,0,604,476,0,602,478,0,602,479,1,602,481,0,0,0,00,0,00,0,00,0,00,0,0

307, 5,264, 464, -1,266,462,-1,263,460,-1,262,462,-
1,263,461,1,263,461,1,265,462,1,265,463,1,264,464,0,262,462,0,266,462,0,263,460,0,0,0,00,0,00,0,00,0,00,0,00,0,00,0,00,0,0

407,7,696,175,-1,696,173,-1,695,173,-1,695,172,-1,693,172,-1,693,175,-
1,696,173,0,696,175,0,694,175,1,694,173,1,695,172,0,695,173,0,694,172,1,693,175,0,693,172,0,0,0,00,0,00,0,00,0,00,0,0

538,3,579,310,-1,582,315,-1,584,313,-1,583,311,-1,586,310,-1,584,307,-
1,584,309,1,584,309,1,582,311,1,583,314,1,583,314,1,581,311,1,579,310,0,584,307,0,582,315,0,583,311,0,584,313,0,586,310,0,0,0,00,0,0

134,5,446,295,-1,446,293,-1,443,293,-1,443,295,-
1,443,294,1,443,293,1,445,293,1,445,294,1,446,295,0,443,295,0,446,293,0,443,293,0,0,0,00,0,00,0,00,0,00,0,00,0,00,0,00,0,0

601,1,516,535,-1,516,533,-1,514,533,-1,514,532,-1,511,532,-1,511,535,-
1,516,535,0,511,535,0,512,534,1,516,534,1,514,533,0,516,533,0,514,532,0,512,532,1,511,532,0,0,0,00,0,00,0,00,0,00,0,0

290,5,262,433,-1,264,435,-1,266,432,-1,264,431,-
1,264,432,1,265,432,1,263,434,1,263,434,1,262,433,0,264,431,0,264,435,0,266,432,0,0,0,00,0,00,0,00,0,00,0,00,0,00,0,00,0,0

0,1,266,175,-1,266,173,-1,264,173,-1,264,172,-1,261,172,-1,261,175,-
1,266,175,0,261,175,0,262,174,1,266,174,1,264,173,0,266,173,0,264,172,0,262,172,1,261,172,0,0,0,00,0,00,0,00,0,00,0,0

1,380,153,1,380,153,1,382,155,1,385,153,1,385,154,1,382,156,1,381,158,0,378,153,0,386,155,0,382,154,0,384,153,0,381,151,0,0,0,00,0,0

255,4,436,312,-1,433,310,-1,433,310,-1,432,310,-1,431,311,-1,431,312,-1,431,312,-1,433,315,-
1,433,313,1,432,312,1,433,311,1,434,312,1,436,312,0,433,315,0,433,310,0,431,312,0,433,310,0,431,312,0,431,311,0,432,310,0

679,1,726,441,-1,724,440,-1,723,442,-1,722,442,-1,722,445,-1,725,446,-
1,726,441,0,725,446,0,724,444,1,725,440,1,723,442,0,724,440,0,722,442,0,722,443,1,722,445,0,0,0,00,0,00,0,00,0,00,0,0

609,1,596,535,-1,596,533,-1,594,533,-1,594,532,-1,591,532,-
1,591,535,1,596,535,0,591,535,0,592,534,1,596,534,1,594,533,0,596,533,0,594,532,0,592,532,1,591,532,0,0,0,00,0,00,0,00,0,00,0,0

600,1,506,535,-1,506,533,-1,504,533,-1,504,532,-1,501,532,-1,501,535,-
1,506,535,0,501,535,0,502,534,1,506,534,1,504,533,0,506,533,0,504,532,0,502,532,1,501,532,0,0,0,00,0,00,0,00,0,00,0,0

411,7,633,74,-1,634,75,-1,635,74,-1,635,74,-1,636,72,-1,633,71,-
1,634,75,0,633,74,0,633,72,1,635,73,1,635,74,0,635,74,0,635,73,1,633,71,0,636,72,0,0,0,00,0,00,0,00,0,00,0,0

276,4,481,350,-1,483,353,-1,483,352,-1,484,352,-1,485,351,-1,485,350,-1,486,350,-1,483,348,-
1,483,349,1,484,350,1,483,351,1,482,350,1,481,350,0,483,348,0,483,353,0,485,350,0,483,352,0,486,350,0,485,351,0,484,352,0

109,4,263,219,-1,261,221,-1,261,221,-1,261,222,-1,262,223,-1,263,223,-1,263,224,-1,266,221,-
1,264,221,1,263,222,1,262,221,1,263,220,1,263,219,0,266,221,0,261,221,0,263,223,0,261,221,0,263,224,0,262,223,0,261,222,0

536,3,559,310,-1,562,315,-1,564,313,-1,563,311,-1,566,310,-1,564,307,-
1,564,309,1,564,309,1,562,311,1,563,314,1,563,314,1,561,311,1,559,310,0,564,307,0,562,315,0,563,311,0,564,313,0,566,310,0,0,0,00,0,0



Input Data





Spatial relationship

Spatial relationships among individuals and 
neighborhood objects is based upon followings: 

i.i. Proximity Closest 
ii.ii. Containment Contained 
iii.iii. Connectivity Connect 

And can be  divided into three levels:



Micro Level

It applies to individual 3D which building can be characterized by:

� A set of measurable parameters is require to characterize a building,   
Number of minimum parameters require varies from building to 
buildings. Following are the details of parameters for few  types of 
buildings.



Positional parameters



Other parameters

•

• Symmetry

• Regularity

• Orthogonal walls (in most cases)

• Roof  types

• General Shapes

• L & U  junctions

• parallel lines

• parallelism of faces



Meso level:

� It applies to an object in relation to its neighbors. Out of the three 

relations described above, proximity is  very important relations 

among 3D buildings in neighborhood. 

� Proximity can me obtained by measuring their mutual orientation,

angle, distance between them and their height difference





Macro level:

Applies to clusters of objects having similar properties such as settlement 
blocks and is based on visual grouping behaviors. These visual grouping 
behaviors  are an important aspect in understanding images and maps 
and therefore has to be maintained. Macro level structure recognition 
helps to maintain this. Main emphasis is on 

• Shape and size regularity. 

• Height regularity. 

• Regularity of roof structure and surface texture. 

• Adjacency to other structures. 

• Unique, deterministic features.

• Relative distributional density



Aggregation rules

Aggregation rules are based upon structure 

recogntion and can be divided into following 

groups as follow:



Linkage rules define the spatial relations between buildings that 
must exist for their aggregation.

• Proximity: Two buildings must be disjoint but within a certain 

distance of each other for their aggregation;

• -Alignment: Two buildings should be aligned or their alignment 

should not differ much and the difference must be below the 

permissible limits.

• Angle: Two buildings should have minimum angle between 

them if they are to be aggregated;

• Height: Two buildings should have minimum height 

difference if they are to be aggregated. Roof Type: Two 

buildings should have similar type of roof, i.e., planar or gable if 

they are to be aggregated;

• Adjacency: Two buildings must have their adjacent faces close 

if they are to be aggregated



Semantic rules: define the semantic relationships 
that must exist for aggregation. Semantic rules include 
relationships such as

- Class: Two buildings must be of the same  class

- Structural: a group of objects form a common geographic or 

perceptual structure.



Orientational rules define the historical or local importance 
of the buildings. Important buildings such as monument, theatre,
tower etc. reflect the city identity. 

• Buildings which are of great importance should have their identities 

preserved at maximum of its extent. Therefore two buildings having 

historical importance should not be aggregated. 

• If only one of the buildings is important, even then aggregation should not 

be done. Instead the important building should be exaggerated. The 

same rule applies to other local important buildings like TV towers, 

theatres, schools etc.



Based upon the above structural recognition, an algorithm 
for aggregation was developed. It is basically a nested 

set of If..Else statements. For example:

If d(oi,oj) < ∆dmin then AND

If h(oi,oj) < ∆hmin then  AND

If roof_type1 = roof_type2 then  AND

If ∆A(oi,oj) < Amin then aggregate

…











Future work:

Macro level spatial relation based upon visual  

grouping will be studied and consequently quantified to 
judge the quality of generalization.  These relation are based 
upon:

- Parallelism

- Continuity

- Closure

- Proximity

- Orientation



Thanks!


