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APPROACH for the MAPPING of SURFICIAL
MATERIALS NORTH of 60°
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Geomapping for Energy and Minerals

= Remote Predictive Mapping (RPM)
= Mapping large areas of Canada’s North

= Bedrock and surficial geology to aid mineral and
energy exploration
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= An new algorithm for classifiying features — the “ROBUST
CLASSIFICATION METHOD” (RCM)

= A pixel-based classification method
= This is an OPERATIONAL process!

= Published in the Canadian Journal of Remote Sensing
(CIRS) — Vol.38, No. 2 pp. 1-22
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= Algorithm is based on a randomized and
repeated sampling of a training dataset in
concert with traditional cross-validation of the
classification results

= A series of predictions (classified maps) and
associated uncertainty maps and statistics are
produced.
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SUMMARY. (con't)

= Similar to Monte Carlo simulation — iteration vs.
repetition

= |ncorporates aspects of bagging, boosting and
ensemble classification methods

* Boosting/bagging — overall classification accuracy
can be improved by repetitive sampling (with
replacement) of a training dataset

= Aggregated prediction (majority classification) is
produced (i.e. voting)

= |n addition — an uncertainty map is also produced
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Princens Mary Laks:
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Predictive mapping of
surficial materials
using LANDSAT 7 data

over NTS66A (1:250,000)
SHULTZ LAKE , Nunavut

Canadia



GEOLIZICAL STRYEY OF CAN AT JDr r‘j\/] Q LJ S \_/\j O r I/_ — Gr LJ rJ

OPEN FILE 5153

Fredictive Aspping of Ssrficial Msterials, Shubiz Leke Aren
INTH &EAL Nenavul, Camsila

B s, 0 B Wi mel | Sk b

Larinal TMT
PC 1 [RGE] Bands & 4, ¥ o
Anteisatl 51757 Ascesdag Deoaniig

[ltulr:tn - Thick TH

Multi-beam RADARSAT | LANDSAT TM E=Some W™ Figue 23
Classification (Maximum Likelihood)

83.1% accuracy 84.8% accuracy

87.8% accuracy

i+l
| Bt et B RINCANDESVRY 20102 Canada



¥

" s |

ying 1o .

iy )7 e e

-

Generalized Surficial Materials
(not process)!

Training Areas

Swiface ‘ Training Training ‘
material Area (£ of Area (£ of
_ pixels) polygons)
Bedrock | 26,492 | 8 |
Boulders | 115,319 | 12 |
Organic | 53,002 | 8 ‘
~Sand and gravel ‘ 219,895 ‘ 10 ‘
Thick till | 317,863 | 11 |
Thin till | 149,330 | 12 |
Water | 1,537,784 | 12 |
Clouds | 46,092 1 |
) WQTI!"SU' W!lil?' WQ&'BU’ Wg:m ngﬁ'

e Generalized Surfical Geology
Kilometers (after Aylesworth et al, 1990)
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Activity - Mapping
Surficial Materials

v

Select remote
sensing data types

\J

Define training areas

update, modify,

v

based on RCM

Input Parameters

(summarized in Table 1)

\J

ROBUST CLASSIFICATION METHOD

(RCM)

v

OUTPUTS

(summarized in Table 2)

- majority classification map

- variability map
- summary statistics
(confusion matrix)

Matural Resources

Canada
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The adjacent flow chart summarizes
the approach we have adopted. It is
based on supervised classification
of remotely sensed data using
training areas of each surficial

material type
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The KEY INPUT !

Representative training areas
(ROIS) for each surficial material

bediock Magenta 26492 8/26,492
boulders Thistle 115319 1271153139
cloud White 4E,092 1/746,092
OIganics Yellow 53.002 8/53.002
sand_gravel Coral 2194895 10/219.895
thick_till SeaGreen 317863 11/317.863
thir_till Green 149,330 12/149,330
water Black, 1,537,784 1271537784
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Endmember Collection Spectra
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= ALLGORINNIVE

& Geological Survey Canada lterative Classification

Select Source ROIz for Clazs Training

beedrock,
boulders
cloud

arganics

gand_gravel
thick_tll Set Threshold

::QE:'" (O Mone (3 Single Value () Multiple Values

Clazsification Methiod | Maximum Likelihood ]

—t

Murber of Iterations |10 =

Nurnber of iterns selected: |0 Threzhold

Maximum Likelihood Prior Prababilities
R ootname for Dutput Files

Select &ll [tems ] [ Clear &l lkems

&

F
-

ROl Sampling Percentage | 20

Sampling Type () By Pizel (%) By Polygon

[ aF. ][Eancel]

Programmed in IDL within the
ENVI image analysis
software environment
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Majority Classification Map (class and
percent)

Variability Map — (uncertainty map)
Rule Maps (probability images) for each class —
(average, best and worst) — (uncertainty maps)

= Statistics — confusion analysis (between
classified map and independent training (check)
areas
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YA removed

The variability image was used to mask out
areas of high uncertainty in the classification process

(i.e. areas that were characterized by greater than 4

(> than 2 standard deviations) on the variability image
(these pixels were classified as greater and equal to 4
different surficial material classes through the 90 repetitions
of RCM and thus are considered to be highly variable and
thus uncertain — these areas are shown in white).

Surface

Surface Material Colour Material

Bedrock ] Thick il
Boulders Thin till
Sand - gravel Water
Organics -
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Natural Resources  Ressources naturelles ~ NMan 7 d
I*l Canada Canada SINLAND =V 2y Cana a




RM - RULE IMAGE - BEDROCK | Ru I e (p ro bab I | Ity)

'k.j‘.'_: BV T ._ .-:.:- B LR --": ..m

3 TN AR : e :
IS O Yo J images)

— dealing with

the certainty of

the classification

of each surficial material
- Fuzzy RGB maps!
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Valanirey in-e

Its of 90 repetitions using randomly chosen training areas for
ssification and validation
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DECT = 0)6
< y BESIF— 56,2706 f-_-

Training areas used Training areas used
for classification for validation
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Training areas used Training areas used
for classification for validation

Siprtace
Bl L il

Bedrack . Thick till
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Total | 100

Class ‘ Bedrock ‘ Boulders ‘ Organics | Sand/gravel | Thick Thin ‘ Total
_ | Till Till
Bedrock | 723 [ 1392 [1.72 2.13 0.28 1316 | 9.7
Boulders | 7.37 | 7886 [0 0.17 [0 56 [4.40
| Orgamics | 1.42 | 002 | 3139 2138 | 255 082 1197
Sand/gravel | 0.14 |0 | 5325 26 69 | 6.6 6.35 | 1796
| Thiek Tl | 0 [0 [ 0.41 B A4 | 7834 287 [ 3124
Thin Till | 1277 [7.2 1323 11.19 12.24 7114 | 2337
| 100 | 100 100 | 100 100 | 100

Table 4 - Comparison between best and worst classification as determined from RCM
Best and worst are defined by the highest and lowest overall classification accuracy over

90 repetitions of RCM (see Fig. 5). X and Y axes represent the worst and best
classifications (Fig 6a vs. 7a), respectively. NMumbers are in percent. The overall

agreement between the best and worst classifications 13 52.7%. (sum of diagonal numbers
(inbold) f6) (723 +7886+31.39+2669+7834+714/6)=59T

Much variability between best and worst!

~ 17%!
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Assessment of classification accuracigs

_
iteration | bedrock | boulders | organic @s/g | Thick | thin Average
till till Accuracy -
material
| 1 316 | 769 | 748 [ 284 | 34 | 232 | 448
| 2 [ 517 | 674 | 549 | 226 | 545 | 33 | 473
| 3 36.9 50.3 513 | 249 | 894 | 83 | 435
| 4 o6 37.2 541 @ 334 | 56 | 41 | 46.2
| 5 56.9 40.2 593 | 308 | 687 | 387 | 491
| 6 33.9 71.9 605 | 365 | 564 | 227 | 46.9
| 7 64.6 492 612 | 342 [ 39 [ 33| 46.8
| 8 37.5 70.5 21 [ 267 | 532 | 298 | 39.7
| 9 575 | 61 | 374 [ 441 [ 599 | 343 | 49.0
| 10 | 272 | 557 | 645 | 328 | 711 | 302 | 46.9
| | | | [
Average 45.3 28.0 53.9 314 58.2 29.4 46.0
Accuracy
- iteration

i+l

Average Accuracy using variable training areas (see red numbers above)
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Water and clouds are
distinct and easily
separated from a spectral
perspective!

-With clouds and water =

79%

-With just surficial materials =

46%

-Variable training areas =
64.7%

best — boulders, thick till,
organics, bedrock
worst — s/g, thin till

Variable training areas!
(64.7%)




Box-and-Whisker Plot
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10 reps 20 reps 3D reps 40 reps 50 reps 60 reps 70 reps 80 reps 90 reps 100 reps

MNatural Resources  Ressources naturelles

Mean and median values for
accuracy stabilizes nominally
after 40 repetitions at an average
accuracy

of 43.0%

For 90 repetitions of RCM the
average classification accuracy
was 42.8% with a standard
deviation of 5.8%. The 95%
confidence around the mean
represented an accuracy from
41.5 to 44%.

Canadia




RPM (Proposed and Current)
- Airphotos (Field Work?)

Reconnaissance - 1M

|| Mapped Area (500K and Below)
P Mapped (No Field Work) 250k
522 Protected Areas

Reconnaissance - 250K

E EGS Coverage
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ROI Name Color Pixels = Polygons
Till Veneer - GSC-Tb Green2 1,607 271,607 |
Rock and Rubble - GSC -R Red 4,504 35/4504 |
| Deep water proglacial silt (Mb, Mv) - GSC - M Blue 442 77442 I
Sand and Gravel Terrace + GP) - GSC - GF Yellow 598 19/598 I
Till Blanket (Th, Tm, Th)) - GSC -Tb Green 4,335 52/4,335 |
Carbonate [till and rock) - GSC-T Magenta 597 8/597 I
Carbonate Beach Sediment [Gravel and Sand)) - GSC - Mr Yellow3 5,024 17/5,024 |
Glaciomarine Blanket, Diy) - GSC -GMb Cyan 2,753 3/2,753 |
|Fen Over Carbonate Til (Organics)) - GSC - T Oranged 254 6/254 I
| Glaciomarine Blanket, Wet) Cyan3 10,401 4710401 |

Ressources naturelles
Canada
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Canada
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CENTRAL BAFFIN ISLAND - PROTOTYPE MAP
CENTRAL BAFFIN ISLAND - PROTOTYPE MAP
OF SURFICIAL MATERIALS OF SURFICIAL MATERIALS - VARIABILTY (UNCERTAINTY MAP

Produced from & Cassificats AT T dala wing the
Gegomcal Survey of Canada's i azsficabon Algonthm (KA

Praducsd from & dassificaton of LANDSAT 7 dats uvsing the
e clo A Survey of Canada's Berabnee Classficabon Agorithm K4
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SUMMARY,

Both statistical and spatial uncertainty is part of the RPM
process!

RCM allows us to evaluate the uncertainty and express in
various ways (maps, statistics)

RCM the study and subsequent improvement of training
areas with an aim to improving classification accuracies

= Predictive (classifications) maps, as with all geologic
maps, are a model of reality...RCM provides measures of
uncertainty to accompany predictive maps

= Don't fully trust the statistical approach — look at the map!
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SUlfcialsmapplngrapproacs::

= Supervised classification for surficial materials
* Training area strategy — database by ecozones
= Landforms / Terrain types

= DEM'’s and derivatives, lake shape and density
analysis

= Combine layers within a GIS
* |ncorporation of process information .....
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cafming:t

Experimenting with different data types:
= MERIS, RADARSAT | and Il, SPOT, DEM derivatives
Experimenting with different classification algorithms:

= Neural Nets, SVM, Decision Trees (seeb), Fuzzy
Classifiers etc

= Incorporation of Object Oriented Classification!
= Training area purification — capturing diversity (spectral,
spatial, topographic) !
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THANKS !
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