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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
o

* Theinterpolatoris based on entropy propagation of uniforn
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 neutralinterpolation 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)

* Spatialanomalies : Fractal CA (LBKG/HBKG/A threshold), Singularity Index,
Local | Moran index

* Relationship anomalies : Clustering index single or multi-elements,
Enrichment factors : Nemerow index if available
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"SD'A 1D examples on geochemical transect

* Let's take an example of geochemical data (tree bark) collected on aregular 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. Interpolation methods on a sparse sample

All interpolator dislike
non-stationary data

They smooth
anomalies s o
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IISDIA

1D examples on geochemical transect

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.

e

Orogenic veins

Anomaly of interest

Meta

mudstone Loess and gravels
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Interpolation methods on a sparse sample — a test

Response factor

Anomaly of
interest

/' Measurements {
A Sparse samples = Splines bdﬂf
Universal kriging ====-= EPH
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IISDIA

Library(lISDIA)

it requires knowledge
of R.

Full R documentation
isin

lisdia_1.0.pdf

Or use R ? function
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Load Data

v

Perform statistics

A

v

‘ Evaluate data density ‘

v
( Experimental )

variogram
or entrogram

y

A

Y

Run interpolator
expectation mode

I

Run interpolator
full probability mode

l Extract expectation

Base map (raster)

v

Spatial anomaly
detection

v

Interpretation proxies

v

Ensemble Anomaly
prediction

W

Interpret results

4

Are the observations uncertain ? — Set relative uncertainty field

Are the observations censored 7 — Set Censored field

Are the coordinates uncertain 7 — Set prior value / probability for coordinates

Set prediction range (min — max)

Set bins spanning the range of observation values

Eventually prepare domaining (north and south Europe)
Perform a Reimann quick threshold analysis (@95, Q98, TIF)
Perform a Zero Probability Bands analysis per country

Set prediction gnid
Are the data clustered ? — Calculate declustering weights

IMaobile window mode ? — Evaluate neighborhood | Set parameters

Eventually set Range parameter

Eventually set Anisotropy parameters

Build Local | Meran index raster

Build Local clustering index raster — Spatial cluster stats & reclassify
Build singularity index raster

Estimate fractal threshold

Eventually build Nemerow index raster «— Background map

Sample Moss and Dust map on data coordinates

Sample the five detection rasters on data coordinates

Build anomaly detection matnx

Fuzzify detection matrix — Cnteria matnx

Run multicriteria algorithms (MMoora, Topsis, Vikor, Waspas)
Perform Meta ranking
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IISDIA- the datas

- |
ISLANDR

for soil health

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

| TRUE VALUE
library (iisdia) .
(unknown) Imprecise Measurement
> #load data
> data (dahlberg) . . . .
> date <- dahlberg Censoring indicator (True if <LQ)

> #look at data

> head(data)
NOM X
l Dl 0.127&6382
2 D2 0.4211055
3 D3 0.26331lc6
4 D4 0,.5376BE4
5 D5 0.1%1%95%88
€ D& 0.4€4321¢

0

0

"J'
.5555556

0

.6104075
0.
"J'
.8481013

9254571
4711674

13
18
1
6
12

Relative uncertainty %

- ==

Y S SLD ISLD INC
13 0 20
=0 Example:
7 1 o
7 1 0 Ech3is>7m
12 0 20 Ech6is 40 m*20%
40 0 20

1533052

40

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

Funded by

DA the European Union

ISLANDR Final Meeting | 9-10 June 2026, Soesterberg, the Netherlands




ISLANDR

for soil health

IISDIA- lets do it

> # zet interpolation grid

> librarvy(raster)

> rr <-— raster| xmn=0, xmx=1l, ymn=0, ymx=l, res = 0,025, crs=CR5('+init=EP35:3035") )

> rr[] < 1 @R R Graphics: Device 2 (ACTIVE) [=][= =]
=

> FRRFRFFFFFFFFAFFFF##Uncertain € LQ and +/- map expectation map

> tl <- Sys.time() SIC SET, <LQ EEPH Expectation

= test = 1iisdia interpolate { 4 = datal, cmE","Y™) ] N ohs=datai3LD N

+ censored = dataiIsLD relative uncertainty = datasiINC , o

+ breaks dec =seq(from = 0, ta =40 , by = 0.5 ) -

+ , Pparam stack = as.data.frame(rr, xy=TRUE} [,1:2] N Mode Voisinage = 0, Mode Sortie = 0 ) R, o0

> t2 «<- Svs.time() A0
> time mea = tZ -tl 35
> time mea 30
Time difference of 0.85683591 secs “%. 75
- _ 29+ 0% 20
= Foreate rasSter 15
> rlmean = rasterFromXYZ (test[,c(l,2,3)1)

. 2# 10
> #plot an elegant graphic

> librarvy (RColorBrewer)

> cols <- brewer.pal(ll, "Spectral™) | | ‘ |

> plot{rlmean , col= rev(cols), main = "3IC 5ET, <LQ EEPH Expectation™) 04 06 08 10

> points (datasx . datas¥Y, pch=lé )

= text| datasix . datasy . ifelse | datafIsLD==1, pastel("<",datai3lD),

+ pasted ("",datasfsLD, "+-",dataiINC,"%™) ) ,

+ cex= 0.8 , xlab = "X", ylab="¥")

> tl «=- Sys.time()
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SIC set/ RANGE EPH map

TASK 1.3 YR I 2D examples on

~ _|. Sparse
- | Imprecise Set

a) b) ¢

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

l hand-drawn map

E%fwith a) with 13 data points from

N"'JDatherg (1975), b) expected value
with altered range to 0.1 distance units

c) expected value map with 2:1 N60OE

anisotropy assuming channel sand

model c) expected value map with 2:1

S60W anisotropy assuming a regional
Four different SIC dataset interpretations adapted from Dahlberg (1975) northwest strike with a southwest

with a) 13 sand thickness data pointsin 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

c) SIC set EPH map / Reglonal northwest strike d) SIC sev EPH map / Southwest Paleosiope
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IISDIA Applied

EEPH Cyprus TPH > 1000 ppm proba

o
Ketucoage 90T e o st =]

] EEPH Kamerberga [ | S
§ <
3

As
(ppm)
Ho

?’
i

- 08

3866800
1

—_——

- 06

§§§ssasuz;s'm

. Estimated
. IISDIA maps of e 4 &
Kollerberga site 8] - L}
£ (Sweden) Quantile 1
1ISDIA As ?xpectatilorfm 90 and Threshold 6 : | :
Frgnch soil, all avgllable ppm exceedance. §55;m ————— _L;
soil data. I.ISI.I)IA with With nb. =119 .
LANU-optimized ¢ Numbered

samples analyzed

i " DIA TPH f L anomalies as in
Cova”able sums Of DDT With U s or Larnaca Tza‘r)\;a;nlenetal
, o relative of 13% petroleum (Cyprus), ’ : (2013)
10 Threshold Exceedance 0”200 400km
[ISDIA Expectation for m:/zzz;;n;ﬁ;:cipin IISDIA GEMAS ap As
Toulouse Métropole with : expectation with
metal(oids) content geological covariable.

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

Numbered anomalies as in
Tavainen et al. (2013)

| =
N\
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With data, IISDIA has procedure to calculates base

. isti
Run interpolatof | Run lnterp_ola’ior statistics
. bl Ll ,Ode With interpolated data, IISDIA has procedures to
expectation mode  Extract Txpectat/on calculates spatial statistics

Base map (raster)

Local | Moran
Local clustering index

singularity index

Spatial anomaly
detection

/ fractal threshold
Nemerow index

Interpretation
proxies

Sample Moss and Dust map on data coordinates

/ Sample the five detection rasters on data coordinates

prediction

RSN Funded by
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Build anomaly detection matrix

| Fuzzify detection matrix <« Criteria matrix
Ensemble Anomal/ Run multicriteria algorithms (MMoora, Topsis, Vikor, Waspas)

Perform Meta ranking
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KER 4 - Anomaly detection

All detection algorithms sitem |15 14" A | Singutari Nemero| TFN
results and proxys are stored BesEEcE . windex

in a IR data.framé. We then cs -

app y. . . TIF 3 4 0.5 10 3 6 106,’

fuzzify_detection_matrix 100

procedure to Fuzzify results. S

. 100)

That means we associate , (225,

each detection score a R e e e

triangular fuzzy number About as o,

G-y BCKG Orriangular fuZzification (TFR) of anomalyHetection te@niques 0 22.6,

not index on the GEMAS dataset 41 5)

NG BCKG - 0 2.5 0 (202’23
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KER 4 - Anomaly detection N

y : E t
i opinion

Rei R tlj
ange oUtIer yiery efficient if data is not multimodal, Very good (0.3, 0.38, 0.45)
statistics

Now each techniques has
his Pro&Con, so each
Fuzzy criteria ranks is

combined Wlth our fuzzy zero Range outlier Detects outliers on small sample sets like
detection matrix q|th our probability ITA3 but less effective for big surveys like the Poor (DHOEE 00T B
build_anomaly_decision GEMAS

matr'1x( Spatial outlier A statistical fractal method. Limits are

uncertain. Less precise than the window-Average (0.05, 0.04, 0.1)
based method on the GEMAS dataset

I mes—C1teres = Slngularlty Spatial outlier  Window-based statistics. Efficient on GEMAS
mes_citeres) dataset Good  (0.17,0.24,0.3)

Spatial outlier Window-based statistics. Efficient on big
Thus it mimics college Moran index anomalies but didn't detect light-signalAverage (0.02,0.03,0.1)

O'F exper'ts anomalies

Spatial  outlier

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

Nemerow Spatial ?Ut“erNot possible on our GEMAS dataset but Very\ e sood - for ITA on
- Funded by index Range outlier  gfficient on ITA3 Ve y
the European Union

fuzzy detection_matrix

Anomaly
cluster Index

for sol heaith
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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

N [~|POINT_ID2009 |~ |CODE -|LABEL3 |~ |LABELL |+ | GEO|~|COUNTi~|  As |.|As MR.Suv| AsMossv| PM2.5|v| AsREl[~| Cd |v/Cd_MRSUv| Cd_Mosi| CdRE|~ Co |[~|CoMRSU~| CoMosi~| CoREl-|] Cr |v|C
670 29062458| 311 Broad-leaved forest Forest 14 ESP 1252.34 1 ML ML 1.36 1625 ML Q95 5.36 17443 ML BKG 23.16
3516 34523202| 231 Pastures Pasture 7 GBR 478.25 24 ML M 0.035 21160 ML BKG 1164 9620 ML BKG 25.4
4889 36422726] 211 Non-irrigated arable land  Cropland 7 FRA 261.94 63 ML ML 0.46 2465 ML 4114 320 ML Q98 111.49
5164 36862396) 242 Complex cultivation pattern Cropland 10 FRA 244.12 71 L M 042 2617 L 38.34 175 L Q98 103.91
8581 43403168| 231 Pastures Pasture 9 DEU 222.96 18 ML ML 0.035 4802 ML BKG 12.6 13560 ML BKG 30.65
5302 37102474| 231 Pastures Pasture 12 FRA 222.58 81 ML ML 0.035 15761 L BKG 17.18 838 L BKG 890.39
20658 56242170| 243 Land principally occupied k Cropland 10 BGR 222,27 4 MH M 0.035 10465 M BKG 17.77 4379 M BKG 75.03
13249 477220%| 211 Non-irrigated arable land Cropland 7 ITA 222.09 16 M M 0.69 2252 Mo DTE 2091 1543 M Q95 18.49
4805 36302530| 211 Non-irrigated arable land  Cropland 10 FRA 199.22 75 ML ML 0.035 3223 ML BKG 25.01 1509 ML Q95 26.19
369 28282190| 324 Transitional woodland-shri Others 14 PRT 192.82 9 M M 0.035 18347 ML BKG 5.66 10931 ML BKG 9.27
411 28402306) 313 Mixed forest Forest 10 ESP 182.81 104 ML ML 0.035 12013 ML BKG 12.48 10586 ML BKG 29.15
5521 37482560| 231 Pastures Pasture 12 FRA 161.89 85 ML ML 0.035 15843 L BKG 5.3 18633 L BKG 25.67
19161 53502646| 243 Land principally occupied E Cropland 9 ROU 171.87 21 [ H | M 0.035 7195 [H | BKe 122 ess5  [H  BKC 42.62
21172 57522274 311 Broad-leaved forest Forest 10 BGR 170.21 3 MH M 0.035 4543 L BKG 22.46 562 L Q95 69.61
2209 31922280| 311 Broad-leaved forest Forest 5 ESP 167.1 108 M ML 0.035 12937 L BKG 18.67 10724 L BKG 15.11
5511 37452538| 242 Complex cultivation pattern Cropland 12 FRA 161.34 83 ML ML 034 8840 ML BKG 10.17 7792 ML BKG 24.24
10819 45783086) 312 Coniferous forest Forest 14 DEU 152.88 8 M M 0.035 4917 ML BKG 43 17363 ML BKG 236
4886 36422532| 312 Coniferous forest Forest 10 FRA 149.24 77 ML ML 0.035 6373 ML BKG 476 10206 ML BKG 8.92
10668 45662666 231 Pastures Pasture 10 DEU 144,09 57 ML ML 1.02 1307 ML TR 306 17263 ML BKG 13.49
5418 37322306| 243 Land principally occupied k Cropland 7 FRA 14227 87 ML M 0.035 15860 ML BKG 8.5 14607 ML BKG 34.95
8196 42862808| 211 Non-irrigated arable land  Cropland 7 DEU 139.27 5 ML ML 035 3393 ML BKG 2.91 654 ML Q95 7.2
565 28821992| 321 Natural grasslands Others 10 ESP 133.74 61 ML ML 0.035 13431 ML BKG 10.94 13974 ML BKG 36.28
6874 40182704 211 Non-irrigated arable land  Cropland 4 FRA 13266 110 ML M 0.035 15113 ML BKG 12.56 1942 ML BKG 40.83
10641 45643098 312 Coniferous forest Forest 10 DEU 129.9 9 ML M 0.92 738 ML TR 276 15585 ML BKG 12.16
9700 44822116| 324 Transitional woodland-shri Others 5 ITA 129.79 89 ML M 0.14 9118 ML BKG 22.59 668 ML Q95 97.42
14602 49281798| 333 Sparselyvegetated areas  Others 4 ITA 129.73 121 M M 012 9186 ML BKG 18.9 4789 ML BKG 14.87
9391 44523310| 231 Pastures Pasture 5 DEU 129.15 10 ML M 0.91 1451 ML DTWE | a7 3867 ML BKG 12.09
708 29202138| 211 Non-irrigated arable land  Cropland 14 ESP 123.36 106 M ML 0.035 12437 ML BKG 7.53 13809 ML BKG 16.11

LUCAS 2009 MULTI ANOMALY IISDIA RANKING T T IOW L
RAN K medium low ML
PROXIS .. .
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TASK 1.8 TestsonlITA3

« Anomaly detection maps of the ITA3 with ISLANDR interpolation algorithm (IISDIA)

 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
Sample 10,43,38,40,7,32,31,33,280ld large ammunition factory
o Zzis::ynﬁtnﬁ:’g:ked - Waste disposal and/or fire test
Known remediated or 42 of Ammunition factory
polluted site 27 Waste disposal proximity
36,29,15,16,17Backfilled areas
208 390Ld railway facilities

36
15705,

8,9,4,30,1,26,13Agricultural
Agricultural with traces of
34traces of spraying
5,25,14,230ld buildings
3,6Gardens near main river
Already city Parcs and green
24,18,12,41,20,21,35,2zones

0 15 3km
1
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Anomaly interpretation

ISLANDR

for soil health

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

G?\loczl;:smlcall °lij§'f'91t'°" ?1fssoﬂ (lIlSDIA MAF) Prioritization of samples to be resampled
= e SUCKIE WinCounE £Y el Based on the joint classification (IISDIA + MAP)
2300000 - 2300000 -
LI oa - f,‘ '.
‘00 L
e % e 9 Source de contamination 2280000 o " A
o Y Sr 0 g n 2 ) 2 o ?“ ®
o o B é, Diffuse agricultural contamination (Cd) -~ X T
e * o o . o
*.55 ; ' 4 : 7 "’"'. ‘. » Localized industrial contamination (Pb-Hg-As-Mo) % 20000 : ‘ ""6 % o ® .
e o P - E o . -(‘l'.f (' 0, Priority level
§' o > il . Natural mineralization (Cr-Ni) 2 ® W - t‘ e Priority 1 To be investigated first
2240000 F “ © 2240000 \y e iori
o "‘% ~ - Intermediate signature o : 'q," s o a‘: 9 ::rforftyg
< > 0 ant o Y . ﬂ.' , '} . riority
%" — L 's. s 235 ‘ ; : ﬁ ) .8 W i m Normal monitoring
= Naaleas el (N .b‘, VS d Mixed signature (multiple sources) S 2220000 et % -
> :. s LN o ; ° Q‘ ’ 'Q?C s & o
A - 2 L ] 3
[ TR S r n hemi ki AN oo
5 = :.:,: e B ’ 2200000 e “' "
- ’.‘\ L ,r‘
2180000 . 2180000 L)
5180000 5200000 5220000 5240000 5260000 5280000 5180000 5200000 5220000 5240000 5260000 5280000
X (LAEA Europe, métres) X (LAEA Europe, métres)

Thus lISDIAv1 maps Sparse, imprecise and clustered data and detect
anomaly to produce Diffuse maps
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IISDIA Future

The best way to learn IISDIAv1 is to study the R demo Gemas
script or the lISDIA 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

[ISDIAv1 will compete with other interpolators in my doctoral
thesis : “Epistemic uncertainty and spatial interpolation. Towards

a consistent methodology for mapping urban pedogeochemical
backgrounds”

IISDIAVZ2 is under construction and will include 1A popular iso-

clust and autoencoder anomaly detection for use in French
Mineral resource inventory

PR Funded by
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