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e Introduction — Interpolation from Samples — General Idea

300
250

200 Attribute
150 /‘/ ‘/I\‘:j\-\‘ @ Samples
100 /‘ —i— Interpol.
o et

S S S . .S .S SO
S S R AR S S




ISEGI * NOVA Master of Science in Geoespatial Technologies

Predictions with Deterministic Procedures

[ J i J—
Introduction — General Concepts 778 765 765 763 758

Point Pred_lctlons, Estimations or 12 802 766
Interpolations:
840 826 804 810 805 787
. . . " o o 2 0
« Using estimation procedures over 2=(t) 2
sample information in order to calculate ﬂ+ FU8
- I
z values at unsampled locations: 552 B4

e Defining majthematl_cal model§ that o Sao BT BEE EE
allow performing attribute predictions at] © S VA

any location of a region of the earth 856 B50 £30 826
surface.

£55 B48 B40 826
Spatial Interpolation Methods 08560838@§28 of 9%
e Deterministic x Stochastic Method's L
e Global x Local Methods Sample
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O sample locations
Deterministic x Stochastic Methods 75(u) =K + estimation locations

e Deterministic
e The z*(u) value is estimated as a

Deterministic Variable. An unique
value is associated to its spatial

C?65C763C758

, )
location. z*(u) 508
e No uncertainties are associated to the - '|'8 i
estimations © ©
0864 0857084708350834
e Stochastic 856 B50 830 526
e The z*(u) value is considered a
. O855 0848 OB4O O826
Random Variable that has a
= 67

085608380

probability distribution function
associated to its possible values
e Uncertainties can be associated to itk

the estimations a8
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Global Estimations

e Use of only one mathematical model, generally a polynomial, to represent
the attribute variation for the hole area.

e Difficulties to represent erratic (complex) attribute variations. Show only the
general tendencies, filtering details. Problems with polynomial oscillations.

e Used mostly in engineering projects |,
for modeling smooth curves and
surfaces.

e Examples: polynomials, splines
(exact), bezier, ...

— -1
Z=ax"+a X"+.+a, n=>0

(use best fit to the samples criteria)
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Local Estimators O sample locations -+ estimation locations

e Use local neighborhood to determine the P o 78 /65 ~ 85 /83 758

closer local samples to be taken into

account in the interpolation. L .
840 B26 5@4 810.805 787
. . . o 2 O
Polynomials are applied locally, using _|_ (v
Z* (u)? 834 808
only the closer samples. Ol -+ o
555 841 /_ Radius 7
Problems with continuity must be e ¢ A
considered. 08"'6-4 ............................. 857’ 847 B35 B34
L : L 5 BDD 830 826
Criteria for neighborhood definition Z*@u o0
e Number of closer samples? How 8550448 a4@ 526
many? :
_ _ @85668386828 62
e Distance from the location to be

interpolated? How far?
e What is better?

Closer samples for local estimation
7
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e Digital Terrain Models (DTM or DEM for elevations)

GRID x TIN : Usually predictions are used in GIS to create rectangular and
triangular mesh structures — Digital Terrain Representations

Rectangular Regular Networks  Triangular Irregular Networks
(Grid or Image) (TIN)

B12.0 7732 78 .u:u 7652 7635 7542 _ : . ) _7eg
78 ¢yea 8 - J

BOA.4 8011 7758 7898 TIRE  TILE
#12 g0z D"’?' + o

B3 8249 3029 ?‘9_]7_5 o6 7B ? Al ya7
ddﬂ 28 4 C’UE \ 7 ]

B4E.3 815 ngz 32_‘_4 'E_Flﬂ B%{m
BE43 EE%;H 23p. 33_?1 Eﬁﬂﬂ 81_%5
E‘B_I"ZEE' EE%;;? E(% E-Eai_? 83pa &84T
Izjnﬂégw a4z, B3S.5 82 TI:,“S L.Z y £30 o
dﬁﬁﬁﬁ_il_?jﬂﬂigﬂ 3420 5-3_’_,5 82 Ifyza G2p.0

i

453 A204 &3e.n E{I_i_1 77 5 ? 3
(f45 P38

O sample locations —+ estimation locations
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e Rectangular Grids with Local Mean Interpolators _
O sample locations

. Geperal equation for estimating each grid point at + estimation locations
location u (x,,);,) n
W .2, /78765 765763758
* __ a=l
L, ="+ $12 802 {,..»'9{7"‘66
W, D40 526 Qa’oar Zu*eﬁj?,,.?@ajﬂ
=1 534 MX 808
u is the spatial location of z* 852 %m
nis the number of samples inside r F64  POT PATHIS B34
w,,, is the weight of sample « at location u B56 B50 530 826
085508480840 O826
Interpolators: 856 838 828 762

e Nearest Neighbor when n=1

Closer samples for estimation a z*

e Simple Meanswhenw_ =1 _ _
P o value at a grid location

9
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e Rectangular Grids with Local Mean Interpolators

O...sample.locations

-+ estimation locations

e General equation for estimating each grid o/ 78785 785,763,758
point at location u 0 £12.802 766
Z Wau Za 084008260804 _'Q@T 008050787
* =1 o "
7 =< 83 - ~, 808
] . VA P
> W, = G
=1 564 B57 847 BI5AB4
w,,, is the weight of sample « at location u . °e e
£56 B850 B30 0524-5
. """""""
Interpolators: £55 48 540 £26
e IDW — Inverse Distance Weighted when 556 838 828 762
e IDW Optimized (Quadrants)

a,, is the Euclidean distance between sample «
and location u

k Is the power of the distance d,,, d

au
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e Rectangular Grids with Local Mean Interpolators

IDW Optimized (Quadrants)

e The space is split in 4 quadrants

relative to the interpolation location.

* Only 1 (or 2, ..., or n) closer
sample(s) of each quadrant is
considered for the interpolation.

e This optimization avoid using
clustered samples

e Some authors suggest split the
space in octants (or more ants).

Important: The zvariation inside each
rectangle of a rectangular grid can be
modelled by bilinear, bicubic or other
patch function.

O sample locations

-+ estimation locations

J78785 65763 758
Flege  fP°
P06 P04 810 805 J8T

4 / ~£08

C@SSC@4BC§4O

\g C§4¥
/. 835C§34

-“'C§3DC§26

C@EG

C§56C§38C§28

C)7'62

IDW considering quadrant locations

’| ’l
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e Rectangular Grids with Local Mean Interpolators

Study Area Deterministic Procedures

Nt

tu

\ Nearest Simple Means Inverse
Sample Set Neighbors Distance
Weighted

Dirichlet Map

N

=
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e Triangular Irregular Networks - TIN

e The samples are connected in order to form a
triangular partition in the region of the samples.

e The mesh is created using the samples location
as the vertices of the triangles. So, there is no

interpolations in the process of the TIN f
construction T 4 - o

e TIN is adaptative: Bigger triangles represent ' LN
homogeneous regions and smaller ones represent ' ' =
more erratic areas.

e Problem: Given a set of n samples it is possible | Wi&
to construct many different triangulations. How to &
compare different triangulations ? What is the
better triangulation for a given sample set?

Two different TIN for a
same sample set

—
(€N
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e TIN — The Delaunay Triangulation

 The Delaunay triangulation is the most used -~
TIN in DTM modeling.

e Circumcircle criterion: “ Given the points pa, |
pb and pc € the Sample Set P where azb=c, a T
Is a Delaunay triangulation only and if only V ¢

. . : . The Circumcicle
T, with vertices at pa, pb and pc , the circumcircle criterion

formed by the vertices of £ does not contain any
other pointpd pdeP/d-za=#b=c”. - e

e Uses the circumcircle criteria to define the \\ /
triangles of an unique triangulation. /

e Avoid creation of very thin triangles. Create ¥ |\ /
triangles more closer to equilateral triangles s e

e Important: The z variation inside each triangle | \
can be modeled by linear, cubic, quintic or other | \

function. A Delaunay Triangulation -,
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e TIN — The Delaunay Triangulation with constrainties

TIN with constrainties

Constraints lines are lines
that represent morphological
characteristics of the surface and can
not be “broken” by triangles sides

It is possible to include
constraint information (break lines) to
be considered in the TIN construction
process.

This is important for getting
better representations for attributes
presenting morphological structures
(ex. elevations)

Z,1s the constraint line

[__
(@)1
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e Grid from TIN L A S S S S
Given a TIN it is possible to calculate a P N U8 [ A

. . B08.1 Teds  TRTE  TT4R 1.8 TEHYG ARR | TELE
rectangular grid for the same region. S il . v 1 X i
+ + +1 37 ?Q_'B_i Ta0.2 ?Q_E. BCd.4 7@ TE3a I
Algorlthm " + B E!-Zi_lﬁ_ & 1 B14.0 B‘]_E.b a14.4 F r B1_|D_,2 U_Elt N
For eaCh u grld Iocatlon{ 3 455 4 !.S_E.Q 2n g EZ_E.’EI BE_.;.D Big. 2 81_%.2 it
Find the triangle ¢that contains u [/ “\["/[\ ~~ |/~
e EEE:S'_.Q BE_E.E +.4 Bd-_E. 4.7 &3_"{.? 3.247-:.9 1_;.-_'.4 2

CaICUIate the Z grld Value at u USIng BEQ BEF.D  H53.B BE4B. B3, 8387, BIH.T Gk B1E.
. . o e + + + + + 4 + + +

a linear (or other) function fitting ¢

a (2 BE!:?_A ELE_E,B 5_:_1.0 =174 B3G AR 63\_-":1 B\Z_'T-:,B ar 5
} g E.1 7 _ﬁ.a £44 _"1.2 _|5_.T-' SE_E.G 3:{+ RS o 1 9_'?_. T
Obs. If the u location is out of any j o B 4 O e +
triangle the location is associated to a sl s Bpiein: mETRENME 4
dummy (not Va“d) value. sgaz Ngess| sgpd  £314 pefy ez ams TR 777 . B
It is also possible to construct a TIN ® NN I A R S

from a rectangular GRID. How? Grid from TIN construction
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e Grid X TIN comparison (table?)

TIN

Rectangular Grid

Advantages

Better to represent attributes
with complex spatial variations

Allows incorporation of
constraints (topographic top and
bottom lines)

Better for quantitative analysis
(measures, slope evaluation,
volume calculations, etc....)

Easy structures and
algorithms to be
manipulated in computers

Better for qualitative
analysis (visual)

Suitable for visualization
with planar projections

Problems

More complex structures and
algorithms to be manipulated

Not suitable for visualizations
with planar projections

Representation of atributes
with complex variations

Not suitable for quantitative
analysis (loss of details)

17
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e Examples Rectangular Regular applications (visualizations)
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e Examples of TIN applications (evaluations)

Profiles Determination

Visibility Analysis

Slope Maps

4000 8000 12000 16000 20000
Distancia

o Perfil-1 = Perfil - 2
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e Problems with deterministic procedures

If the sample set is well distributed and too dense all the interpolators
(deterministic or stochastic) perform satisfactory.

Deterministic procedures do not perform well when

the set has few samples

the set present clusters of samples

the spatial continuity of the attribute is not isotropic
For Rectangular Grid Modeling

Problems: Few samples, definition of radius of influence, number of
neighbors and exponential parameter for IDW estimators.

For TIN Modeling

Problem: How triangles must be considered for estimation inside a
triangle?
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Summary and Conclusions

e Deterministic estimators can be used to model spatial data.

e Current GISs allow users work with these tools mainly to Digital
Terrain Modeling (DTM) tasks.

e Deterministic estimators perform better when the sample set is dense.

e When the sample set has few elements the deterministic models
usually present some undesirable artifacts in their representations

e The user always should take care of (be worried with) the parameters
used in deterministic estimations (black box).

e Usually deterministic modeling are not followed with uncertainty
informations about the performed estimations

N

|—
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Exercises

1. Run the Lab2 already available in the dx=2 m
geostatistics course area of ISEGI online.

2. Given the following sample configuration
estimate z values for the u location using
the deterministic procedures (local means 9]
and TIN) you have learn in this
presentation. 4+ dy=

3m

3. Report the results and advantages, or
disadvantages, of each one. 0

4. In your opinion which one of the
estimates procedures performs better to
estimate the z value at the location u.

5. Send the reporter to the e-mail of the ~500 O -—800 -+ u location
geostatistics professor before
25/10/2007. - 900 0-1000

N
N
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END

of Presentation
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