
Click to edit Master subtitle style

ISLANDR  IISDIA
INTERPOLATION AND ANOMALY 
DETECTION FOR UNCERTAIN DATA
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Incomplete Imprecise Spatial Data 
Interpolator and Anomaly analysis (IISDIA)

IISDIA v1 is a tool developed for 
ISLANDR wp 1.2 by a researcher 
specializing in the mathematics of 
uncertainty and environmental 
geochemistry. 

You can interpolate data and find 
anomalies. Retrieve these 
anomalies to your dataset and 
you find the diffuse 
contamination map

It was built as a package on the 
open-source R platform. In its 
current form, it requires 
knowledge of R.
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IISDIA
• The interpolator is  based on entropy propagation of uniform 

laws. It behaves like a weighted spatial kernel method but 
is somewhat more complex because the weighting and the 
diffusion coefficients are non-linear function of distance. 

• A neutral interpolation enhances anomaly detection.

• 7 methods are applied and merged to capture different forms of anomalies.
• Range anomalies : Anomaly threshold (Q90, Q98, TIF) , Probability bands (a 

sort of  SVM)
• Spatial anomalies : Fractal CA  (LBKG/HBKG/A threshold), Singularity Index, 

Local I Moran index
• Relationship anomalies : Clustering index single or multi-elements, 

Enrichment factors : Nemerow index if available
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IISDIA
• Let's take an example of geochemical data (tree bark) collected on a regular transect intercepting several geologies 

and a fault that may host a mineral deposit, and select 15 samples to obtain the Sparse Imprecise Clustered (SIC) 
set to be interpolated. 

• All interpolator dislike 
non-stationary data 

• They smooth 
anomalies

• Are continuous

• Kriging and splines 
suppose a covariance 
function which is given 
by expert or estimated. 

1D examples on geochemical transect
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IISDIA
• With EPH neutral the anomalies are sharper and we detect our orogenic fault. So we're encouraged by our 

approach. We note, however, that there is an edge effect on the left that needs to be corrected, and that various 
improvements are still possible to make an EEPH. The geological interpretation of this transect (investigated in 
RIA UpDeep) is that two lithologic sequences are sampled with two interesting orogenic veins.

1D examples on geochemical transect
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IISDIA

Interpret results

Library(IISDIA)

it requires knowledge 
of R.

Full R documentation 
is in

iisdia_1.0.pdf

Or use R ? function
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IISDIA– the datas

TRUE VALUE
(unknown) Imprecise Measurement

Relative uncertainty %

Example :
Ech3 is > 7 m
Ech6 is  40 m ± 20%

Censoring indicator (True if < LQ)

Estimate Sand thickness ranging from o to 40 m by 0.5 m 
increments. Usually, increment is chosen analytical uncertainty

Data is a matrix of coordinates, observations , LQ, uncertainty ,  parameters 
or covariate for the data values. A minima the obs coordinates X, Y and obs
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IISDIA– lets do it
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TASK 1.3

Four different SIC dataset interpretations adapted from Dahlberg (1975) 
with a) 13 sand thickness data points in m, 
b) manual geologist triangulation, c) geologist interpreting profiles as 
regional northwest strike and southwest paleoslope fluvial deposits, and 
d) geologist interpreting profiles as Channel sand deposits

EEPH-Expectation generated map with 
13 data points from Dahlberg (1975), 
corresponding EPH-generated map, 

hand-drawn map 
with a) with 13 data points from 

Dahlberg (1975), b) expected value 

with altered range to 0.1 distance units 

c) expected value map with 2:1 N60E 

anisotropy assuming channel sand 
model c) expected value map with 2:1 

S60W anisotropy assuming a regional 

northwest strike with a southwest 

paleoslope.

2D examples on 
Sparse 
Imprecise Set
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IISDIA Applied
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IISDIA maps of 
Kollerberga site 
(Sweden) Quantile 
90 and Threshold 6 
ppm exceedance. 
With nb. =119  
samples analyzed 
sums of DDT with U 
relative of 13%

IISDIA Expectation for 
Toulouse Métropole with 
optimized LANU covariate for 
ITA3 (Toulouse Métropole) 
surface soil métal(oids) 
content

IISDIA TPH for Larnaca 
petroleum (Cyprus) , 
Threshold Exceedance 
with optimized GPR 
covariate surface soil 
metal(oids) content

IISDIA As expectation in 
French soil, all available 
soil data. IISDIA with 
LANU-optimized 
covariable

IISDIA GEMAS ap As 
expectation  with 
geological covariable. 
Numbered anomalies as in 
Tavainen et al. (2013)
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Run interpolator

expectation mode

Run interpolator
full probability mode

Extract expectation

Base map (raster)

Spatial anomaly

detection

Interpretation 

proxies

Ensemble Anomaly

prediction

Local I Moran
Local clustering index
singularity index
fractal threshold
Nemerow index

Sample Moss and Dust map on data coordinates
Sample the five detection rasters on data coordinates

Build anomaly detection matrix
Fuzzify detection matrix ← Criteria matrix
Run multicriteria algorithms (MMoora, Topsis, Vikor, Waspas)
Perform Meta ranking

With data, IISDIA has procedure to calculates base 
statistics 

With interpolated data, IISDIA has procedures to 
calculates spatial  statistics
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KER 4 – Anomaly detection

All detection algorithms 
results and proxys are stored 
in a R data.frame. We then 
apply 
fuzzify_detection_matrix
procedure to Fuzzify results. 

That means we associate 
each detection score a 
triangular fuzzy number

5-item 
Likert 
scale

Reiman
n 

statisti
cs

Zero 
probabili

ty
Bands
Index

Index
C-A 

fract
al

Singulari
ty index

Mora
n 

index

Anoma
ly 

cluster 
Index

Nemero
w index

TFN

Virtually 
certain

TIF 3 4 0.5 10 3 6
(81.4, 
100, 
100)

Very 
likely

Q98 2 3 1 3 2 3
(61.6, 
81.4, 
100)

Likely Q95 1 2 1.5 2 1 1
(22.6, 
41.5, 
61.6)

About as 
likely as 
not

BCKG 0 1 2 1 0 0
(0, 

22.6, 
41.5)

Unlikely BCKG - 0 2.5 0 - -
(0, 0, 
22.6)

Triangular fuzzification (TFN) of anomaly detection techniques 
index on the GEMAS dataset
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KER 4 – Anomaly detection

Now each techniques has 
his Pro&Con, so each 
Fuzzy criteria ranks is 
combined with our fuzzy 
detection matrix qith our 
build_anomaly_decision
_matrix( 
fuzzy_detection_matrix
, mes_citeres = 
mes_citeres)

Thus it mimics college 
of experts

Anomaly 
index

Type of outlier Based on GEMAS experiment
Expert 
opinion

TFN 𝒘𝒊

Reimann 
statistics

Range outlier
Very efficient if data is not multimodal. Very good (0.3, 0.38, 0.45)

Zero 
probability

bands
index

Range outlier
Detects outliers on small sample sets like 
ITA3 but less effective for big surveys like the 
GEMAS

Poor
(0.005,0.01,0.03
)

C-A fractal 
index

Spatial outlier A statistical fractal method. Limits are 
uncertain.  Less precise than the window-
based method on the GEMAS dataset

Average (0.05, 0.04, 0.1)

Singularity 
index

Spatial outlier Window-based statistics. Efficient on GEMAS 
dataset

Good (0.17, 0.24, 0.3)

Moran index
Spatial outlier Window-based statistics. Efficient on big 

anomalies but didn't detect light-signal 
anomalies

Average (0.02, 0.03, 0.1)

Anomaly 
cluster Index

Spatial outlier 
Multivariate 
outlier

Window-based statistics. Good (0.17, 0.3, 0.4)

Nemerow 
index

Spatial outlier 
Range outlier

Not possible on our GEMAS dataset but very 
efficient on ITA3

Very good - for ITA only
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KER 4 – Anomaly interpretation
Then with decision matrix and our criteria we apply multicriteria 
ranking and obtain the expected anomaly ranking of our samples

low L

 medium low ML

 medium M

 medium High MH

 High H

RANK PROXIS

LUCAS 2009  MULTI ANOMALY IISDIA  RANKING
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TASK 1.3
• Anomaly detection maps of the ITA3 with ISLANDR interpolation algorithm (IISDIA)

Tests on ITA3

• Looking on historical aerial photograph give  good interprétation. Some anomalies soils were 
already parcs in 1950s so integrating atmospheric pollutant and fertilizers  

Anomaly n° 1950s Aerial Survey
10,43,38,40,7,32,31,33,28Old large ammunition  factory

42
Waste disposal and/or fire test 
of Ammunition factory

27Waste disposal proximity
36,29,15,16,17Backfilled areas

39Old railway facilities
8,9,4,30,1,26,13Agricultural

34
Agricultural with traces of 
traces of spraying 

5,25,14,23Old buildings
3,6Gardens near main river

24,18,12,41,20,21,35,2
Already city Parcs and green 
zones
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Anomaly interpretation

If we rank with IISDIA a PCA or a MAF axis we can work on complex 
multi- signatures and prioritize actions as made for the ITA6 (Prishtina)

Thus IISDIAv1 maps Sparse, imprecise and clustered data and detect 
anomaly to produce Diffuse maps



Conclusion
02
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IISDIA Future

The best way to learn IISDIAv1 is to study the R demo Gemas 
script or the IISDIA pdf in the package. Doing so you have also 
the advantage of learning the R language and do something else 
than python.

https://zenodo.org/records/18671058

IISDIAv1 will compete with other interpolators in my doctoral 
thesis : “Epistemic uncertainty and spatial interpolation. Towards 
a consistent methodology for mapping urban pedogeochemical 
backgrounds”

IISDIAv2 is under construction and will include IA popular iso-
clust and autoencoder anomaly detection for use in French 
Mineral resource inventory



THANK YOU
Contact us: contact@islandr.eu
Join us on LinkedIn @islandr
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