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Chapter III

Geographic Information Systems:
Data Processing

GIS: data processing

• 3.1 – Spatial queries

• 3.2 – Introduction to Spatial Analysis

• 3.3 – Spatial indexing

• 3.4 – Updating

• 3.5 – Conclusions

3.1 – Spatial queries

• 1. Example of spatial queries

• 2. Elementary spatial queries

• 3. Queries of spatial analysis

• 4. Topological queries

• 5. Conclusion

3.1.1. Example of spatial queries

• What do we have in this point?

• What do we have in this zone ?

• What is the best path from Lisbon to Warsaw

• What are the countries at the border of 
Austria?

• What are the states crossed by the Mississippi 
river?

• Where is the more polluted zone?
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What is the number of trees
within the zone
arbitrarily designed? 

Example of spatial query

zone #1

457

zone #2

784

zone #3

539
zone #4

709

#zone      Number of trees

1                   457
2                   784
3                   539
4                   709

3.1.2. Elementary spatial queries

• Point query

• Line query

• Region query

• 3D query

• Buffer zones

Point query

A
B

C D

E

x

y

What do we have in
this point?

Jordan half-line theorem

Candidate point

1

2
1

1 2 3 4 5

1 2

0

1

3

4

2 3 4
1

Half line

Intersection number
with sides

A point is inside if the intersection number is odd
A point is outside if the intersection number is even
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Region query

A

B

C
D

E

What do we have
in this region?

Trench query

Gas pipe Water pipe

What are the subterraneous
engineering network
in this place?

Tap

Buffer zones defined by parallels

Problem Problem

Problem

Buffer zone
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Definition of a buffer zone 
along a jagged polygon

Example: delimitation of sea territorial waters

3.1.3. Queries of spatial analysis

• Optimal point

• Optimal zone

• Optimal path

• Districting

Locating a new hospital

Candidate sites

Location of hindrances

Zone 3

Zone 5

Zone 1

Zone 4

Zone 2

Optimization queries

• Usually solved by operation research 
methods

• Definition of one or several criteria

• Finding for the optimum
– Gradient (hill-climbing) algorithm

– Muticriteria methods
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Optimal path in a graph 

5

4

4

12

5

8 7

6

6

7

8

7

6

10

4

3

5

6

7

2

5

A

B

Solved by Dijkstra algorithm or variants

Path in a hierarchical graph

C1

C2

A B

How to go from A to B?

A B

C D

E

F

G

H

I

J

K

L M

Minimum path in a polygon

How to go from A to B?
How to go from C to D?

Minimum path in a terrain

A

B

A

B
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Salesman circuit

A

Starting and arriving
point

Districting

• Objective: find a tessellation following 
some criteria

• Example: 
– political election districts

– local branch (subsidies) of a company

Example

Third alternativeSecond alternative

Basic Zones First alternative

3.1.4 – Topological queries

• Query about position and adjacency of 
spatial objects

• Allen and Egenhofer relations
• « touch », « intersect » etc.
• Object A :

– inside: A°
– outside: ¬A
– border: δA
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Egenhofer Relations

R(A,B) =

A° ∩∩∩∩B° A°∩∩∩∩∂∂∂∂B                   A°∩¬∩¬∩¬∩¬B

∂∂∂∂A∩∩∩∩B° ∂∂∂∂A∩∩∩∩∂∂∂∂B                   ∂∂∂∂A∩¬∩¬∩¬∩¬B

¬¬¬¬A∩∩∩∩B° ¬¬¬¬A∩∩∩∩∂∂∂∂B                  ¬¬¬¬A∩¬∩¬∩¬∩¬B

∂∂∂∂A

A°

∂∂∂∂B

B°

∂∂∂∂A

A°

∂∂∂∂B

B°

∂∂∂∂A

A°

¬¬¬¬A ¬¬¬¬B

9 intersection Egenhofer Model

B° ∂∂∂∂B                         ¬¬¬¬ B

A°

∂∂∂∂A

¬¬¬¬ A

Object A:

inside : A°

outside : ¬A

border : δA

Object B:

inside : B°

outside : ¬B

border : δΒ

Neighbouring
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3.1.5. Conclusion 
about spatial queries

• Importance of spatial queries

• Topology

• Operation research

• Importance of response time

• Necessity of indexing (spatial indexing)

3.2 – Introduction to spatial analysis

• 1.  Interpolation and extrapolation

• 2.  Operation research

• 3.  Spatial analysis by map overlay

• 4.  Simulation methods

• 5.  Multicriteria analysis

• 3.  Examples

• 7.  Conclusion

3.2.1 Interpolation and extrapolation

• 1.  Data Interpolation

• 2.  Data Extrapolation

• 3.  Geometric Inference

Various possibilities of 
interpolation

u

u

u

u

u

F(u)

F(u)

F(u)

F(u)

F(u)

Nearest Value

Linear interpolation

Stochastic interpolation

Model-based interpolation

Interpolated value

Spline interpolation
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Various possibilities of 
extrapolation

F(u)

F(u)

F(u)

F(u)

F(u)

u

u

u

u

u

Linear extrapolation

Spline extrapolation

Stochastic extrapolation

Model-based extrapolation

Nearest Value (last value) 

Geometric inference: 
estimation of altitude of a point

Y

X

Z 

What is the altitude z
of this point ?

Geometric inference:
geologic layers from boring

Terrain

Subsoil
borings

Terrain

Inferred
layers

Terrain

Linear interpolation Other interpolation

Inferred
layers

Calcul of influence:
Newtonian interpolation

4
4

5

4

6

3
6

5

4
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5
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3.2.2 – Operation Research

• Simplex method

• Gradient method

• Optimal path

Optimizing a monovariable
function

Cost Function

x1

Optimum

x1

Global
Optimum

Local
optima

Value of x1 giving
the minimum cost

Cost Function

Value of x1 giving
the optimum costs

Searching the
optimum

of a
function

(1) Starting point

(2) First direction

(3) Optimum
according to this
axis; so
orthogonal
direction

(4) Second
direction 

(5) Optimum
according to this
axis; so orthogonal
direction

(7) New direction

x2

x1

(6) False direction:
U-turn,

(1)

(2)

(3)

(4)
(5)

(6)

(7)

(8)

Starting point
Arriving point (optimum)

(8) Optimum
according
to this
direction

Path summary

(6) False direction:
U-turn,

(5) Optimum
according to this
axis; so orthogonal
direction

3.2.3 – Spatial Analysis
by map overlay

• « overlay »

• Metaphor of the light table
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Exact overlay

Humid

Arid

Very arid

Wheat

Corn

Oats

Humid-Wheat

Arid-Corn

Very arid-Oats

Very arid-Corn

Map overlay with 
sliver polygons 

Map A Map B

Overlay of A and B   Sliver polygons

• Monte Carlo Simulation

• Statistical distribution a priori known

• Using random numbers

• Numerous simulations

• Computation of parameters (mean, 
variance, etc.)

3.2.4 – Simulation methods 3.2.5 – Multicriteria Analysis

etc.

),...,3,2,1(  Max 

....

),....,3,2,1(  Min 

....

),....,3,2,1( Min 

),...,3,2,1( Max 

),....,3,2,1(Min  

3

2

 1

nk

ni

n

n

n

xxxxf

xxxxf

xxxxf

xxxxf

xxxxf
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Multicriteria Optimization

x1
x2

x3
f

x1
x2

x3
f1 f2

f3

f1

f2

f3

M

F

Monocriterion Problem Multicriteria Problem

Criteria space

Space of 
solutions
defined over
the variables
space

M : Target point 
( point optimising all criteria)

F : Feasible solution

Space of 
solutions
defined over
the criteria
space

3.2.6 – Examples

Road risk

3.2.7 – Conclusion 
about Spatial Analysis

• Importance of spatial analysis
– points

– lines

– zones

– graphs



Visual Information Systems Pr. Robert Laurini

Chapter III: GIS: Data Processing 13

3.3 – Spatial indexing

• 3.3.1 – Importance of spatial indexing

• 3.3.2 – Using quadtrees

• 3.3.3 – Using Peano curves

• 3.3.4 – Using R-tree

• 3.3.5 – Indexing in Oracle 

• 3.3.6 – Conclusions

3.3.1 – Importance 
of spatial indexing

• Accelerating system

• Without index: 
– Browsing the whole DB (all objects)

– Very time-consuming (expensive)

• Necessity of creating adapted data 
structures

Indexing in relational DB

Keys Addresses

….
…..
…..
….
…..
……
…...

Hierarchy of indices

1

2

3

05 5

11 6

22 7

33 8

42 9

59 10

68 11

77 12

89 15

5 01 20

03 21

05 22

6 07 23

09 24

11 25

7 13 26

15 27

22 28

79 44

85 45

89 46

15

aaaa

bbbb

cccc
dddd

eeee

gggg

hhhh

kkkk

...
...

...

22 1

59 2

89 3

Data

Block

Block

Index level 1Index level 2

Index level 3
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3.3.2 – Using quadtree Quadtree

0 E

40 D 128 C

G,B4 F1 A

Level 1

Level 2

Level 315

3.3.3 – Using Peano curves

• Space-filling curves

• Total coverage of the space

• Impossible with Euclidian geometry

• Possible within Peanian vision

Hilbert and Peano Curves
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Indexing a small territory

0

1

2

3

4

8

12

13

14

15

A

B

C

F

E

D

G

5

6

7 Peano keys        Side     Objects

0 4 E

0 2 D

1 1 A

4 1 F

8 2 C

15 1 B,G

Z-order (Morton codes)

3.3.4 – Using R-tree

• Tree of rectangles (r-tree)

• Ameliorated trees (r*-tree)

A

C

B

Example of an R-tree

D

F

E

G

I

J

K

N

M

L

H

A B C

D E F G H I J K L M N
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Example of an R*-tree

A

B

D2

E

D1F

G

H

I
C

H I

A B F D1 C E G D2

Indexing European countries
with Rectangles

3.3.5 –Indexing in Oracle

• Quadtree / R-tree

R-tree

Minimum Bounding Rectangles Indexing principle
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Quadtree

Peano-key based Quadtree (Morton code)

HH codes

• HHCODEs (Helical Hyperspatial Codes)

• Peano key

• Longitude/latitude/altitude/time 

Spatial Index Creation Selecting one index
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3.3.6 – Conclusions about spatial indexing

• Importance of access methods

• Data Organization 

• Evolution to spatio-temporal

• Evolution to 3D

• Evolution to continuous phenomena

• Using in Oracle 11g (Locator or Spatial)

3.4 – Updating

• 3.4.1. Introduction

• 3.4.2. Alphanumeric Updating

• 3.4.3. Zonal Updating and Refinement

• 3.4.4. Global Updating

• 3.4.5. Mixing two layers

• 3.4.6. Coverage Extension

• 3.4.7. Conclusions

Importance of sources

• newly made measures with more accurate 
devices (theodolites, ..)

• vector and raster format for instance aerial 
photos or satellite images

• various data producers, using different 
bases or standards

• etc.

Theodolite

Aerial photos

Satellite images

Scanned maps

ZONE
OROBJECT
MODIFICATION

GLOBAL
REFINEMENT

GLOBAL
CORRECTIONS

MULTI-LAYER
INTEGRATION

COVERAGE
EXTENSION

Geographic
Database

Existing
Database
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Toy Database

• PARCEL (#parcel,(#segment)*)

• SEGMENT (#segment, (#point)2)

• POINT (#point, x, y)

• LAST-KEYS (#parcel, #segment, #point)

3.4.2. Alphanumeric Updating

• Using languages such as SQL

• UPDATE POINT
SET x = 4567, y = 7890

WHERE #point = 2537;

Introducing a new point 
into a segment

Previous segment Replacing segments

#point=121
x=1040
y=6540

#point=120
x=500
y=6820

#segment=657

#point=lastpoint+1
x=760,y=6640

#segment=last_segment+1

#segment=last_segment+2

• DELETE FROM SEGMENT

WHERE #segment=657;

• INSERT INTO POINT VALUES 

(LAST-KEYS.#point+1,760,6640);

• INSERT INTO SEGMENT VALUES 

(LAST-KEYS.#segment+1,120,

LAST-KEYS.#point+1);

• INSERT INTO SEGMENT VALUES 

(LAST-KEYS.#segment+2,121,

LAST-KEYS.#point+1);

• UPDATE LAST-KEYS 

SET #segment=OLD.#segment+2,

SET #point=OLD.#point+1;

• COMMIT; 
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3.4.3. Zonal Updating and 
Refinement

• Object integration without by-effects

• Updating with local modification without 
elastic transformation

• Updating with elastic transformation

Cadaster database

Cadaster database

Bulding permit file

Parcel # 46

Parcel # 48Parcel # 49

Parcel # 50
# 51

Parcel # 45

Parcel # 46

Parcel # 48Parcel # 49

Parcel # 50
# 51

Parcel # 45

Inserting new information

P1

P3

P2

P4

P5

P1

P3

P2

P4

P5

P6

P1

P3

P2

P4

P5P62

P61

P62

P61

(a) (b) (c)

Updating with 
topological modifications

Parcel 57
Parcel 60

Old Map

Resulting Map

Project 59A

Parcel 56B

Parcel 56A

Parcel 57
Parcel 60

Parcel 58A
New Road

58B
59B

New Road

Parcel 56

Parcel 58

59
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3.4.4. Global Updating

• conventional rubber-sheeting when a few 
number of control points are provided 

• more sophisticated rubber-sheeting based 
on several points with constraints

• global updating based on aerial photos.

Rubber-sheeting

Initial
map

New
map

Control
points
to move

Fixed
control
points

Formulae for rubber-sheeting

FyExDY

CyBxAX

+×+×=
+×+×=

• Linear Rubber-sheeting

• Bilinear Rubber-sheeting

• Old map coordinates: x, y

• New map coordinates : X, Y

HyGxFxyEY

DyCxBxyAX

+×+×+×=
+×+×+×=

Example with aerial photos

Before                                              After

→
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Force-fitting

• force-fit of a point (coordinates),

• force-fit of the length of a segment,

• force-fit of an angle (especially right 
angles),

• force-replacing of a segment by a new 
polyline,

• etc..

Global updating
with aerial photos

• Aerial photos taken every two years

• Updating the whole urban database

• Pixel = 8 cm × 8 cm

• A priori model-based reasoning

General principle

Aerial photos Aerial photos

Global
updating

Global
updating

Urban
Database

t

Urban
Database

t+2h

Urban
Database

t+h
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Photos Homogeneous
object

Boundaries

90

3.4.5. Mixing Several Layers

• For instances, streets, gas and water

• Alignment of coordinates

• Topological problems

Gas-network Database
Resulting database
before corrections

Resulting database
after corrections

Water-supply database
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Mixing same information
from different sources

• Examples: two buildings databases

• Dutch cadaster

• Problem: to reconcile the databases

Two Topographic Maps (1)

• Mid-scale (TOP10vector)
– Scale 1 : 10,000

– Photogrammetric mono-plotting

– 4 year update cycle

– ‘snap shot’ database

Mid-scale (Buildings) Two Topographic Maps (2)

• Large-scale (GBKN) 
– Scale 1 : : 1,000

– Photogrammetric stereo-plotting

– Updated continously

– Contains history
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Large-scale (Buildings)

Correspondences: 1-to-1 Correspondences: n-to-1
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Correspondences: 1-to-n Correspondences: n-to-m

Finding Corresponding Objects Aggregation & Filtering (1)
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Aggregation & Filtering (2)

Old New Old-
New

Cartographic Generalization

Large-scale
Large-scale

Generalized

Large-scale +

Large-scale 
Generalized

Adjustment (1) Adjustment (2)
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3.4.6. Coverage Extension

• Same layers or classes of objects

• Removing of overlaps

• Problems at the boundary

Integration of new information

EXISTING
DATA BASE

NEW INFORMATION
    TO BE ADDED

UNIFIED
DATA BASE

INTEGRATION
     OF NEW
INFORMATION

Map- and Edge-
Matching Necessary

Map- and Edge-
Matching Done

Reorganization at the boundary

City A

City B

Swath for
the elastic zone

Swath for
the elastic zone

City A

City BBoundary
according to

City A

Boundary
according to

City B

Points
to be forced

Rules

Rule 1: If the boundary segments of A are 
considered more accurate than those of B, 
then keep them (A) and force-fit the 
boundary segment of B;

Rule 2: If boundaries are different and both 
inaccurate then take a sort of mid-line and 
distort objects neighboring the boundary 
accordingly.
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Examples of Constraints

• alignment of streets

• parallelism of kerbs or parcel limits

• rectangularity of some buildings.

3.4.7. Conclusions

• Importance of updating

• Importance of sources

• Importance of quality control

• Geometric accuracy

• Topological checking

• Necessity of nice visual interfaces

• Legislative aspects

3.5 – Conclusions

• Cartography

• Updating

• Querying


