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UNECE Machine Learning Project
This is one of the pilot projects in the Machine Learning Project of the UNECE High-Level

Group on Modernization of Official Statistics
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Objectives

Investigate and demonstrate the value added of ML in the production of official statistics,
where "value added" is increase in relevance, better overall quality or reduction in costs.
Advance the capability of national statistical organisations to use ML in the production of

official statistics.
Enhance collaboration between statistical organisations in the development and application

of ML.
Mclr,,

Mch | r ™
Mchn Irnni
Mache leann
Machne learing
Machine learnig
MACHINE LEARNING!!
@UN‘EEE

INEGI ‘ UNECE Machine Learning Project
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Draft of Imagery Pipeline
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In order to have a road map.
We build an abstract machine learning pipeline for Imagery

Based on:
IBM CRISP-DM
Cross Industry Standard Process for Data Mining
&
Microsoft Data Science lifecycle

A 4

InKyung Choi; Refactoring

INEGI ‘ Draft of Imagery Pipeline
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~ ~" Y Y Y Y B
Business Understanding Data Collection and Preparation Modeling (ML) Prediction Evaluation Dissemination
Start
Evaluate the results
Thematic A using external dataset
Exeprts or against domain
Establish problem to knowlege
be solved A ||
I Obtain ground-truth
data
Obtain layers of
EO geo. info Obtain satellite Publish prediction
scientist imagery data results with quali
- quality
\ 4 I Build polygons I g criteria fqt publishing
Identify satellite data Assign labels e
to address the = J . Pl
problem l J Decide ML algorithm
- (e.g. NN, Random
I | Forest) and validation
method (e.g. CV,
LOO) -
Integraie_gmund-h*uih Tﬂ
Data Translate the problem data w:,t:;a tellte
scientists, into statistical i
B o Train a model with Apply the model to
stahstngnans problems (e.g. o & training dataset and un-labelled satellite
anl classification, test with test dataset. dataset
comp‘qn:.sr regression) Repeat for each ML
scientisf | T ey and split of dataset
u‘ generate a datasetto f——"
be used for analysis U m
Evaluate ML
algorithms and decide |
one (consider also
ensemble)
A
A

INEGI ‘ Draft Imagery Pipeline
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Start

Thematic
Exeprts

Establish problem to

Establish the problem to be solved be solved

EO
scientist

Monitor the growth of urban locations of Mexico, which would generate a more timely input for :

n‘
D
- 1
L] 1

« Cartography update

Estimation of the population in non-census years

Related with:
SDG Indicator 11.3.1: Ratio of land consumption rate to population growth rate
SDG Indicator 15.3.1: Proportion of land that is degraded over total land area

INEGI ‘ Establish the problem to be solved
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CUBE EO
scientist

Identify satellite data to address the problem '“e?J‘ZdZTL‘Z'?th’"““L

problem

'

In our case, the data to monitor the growth of cities can be Landsat images (NASA & USGS):

» They are open data.

» There is a constant record since the 70s, although they are available from 1985 to date.

» The spatial resolution of Landsat images is 30 meters.

« Temporal resolution is 16 days and 8 days with combined satellites.

» Spectral resolution, in this pilot project we use 6 spectral bands

» All the data we use is Analysis Ready Data (ARD)

 We take advantage that we have just built the Mexican Geospatial Data Cube, with all this
information.

INEGI ‘ Identify satellite data to address the problem




Translate the problem into statistical problem

We define that is a classification problem:

2 classes were designated:
Urban
Non-Urban

Data
scientists,
statisticians
and
computer
scientists

74
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Translate the problem
into statistical
problems (e.g.
classification,

regression)

Q

Unit of analysis: 1km x 1km squares covering the whole country: 1’ 975, 719

INEGI ‘ Translate the problem into statistical problem




Obtain ground-truth data

Obtain layers of geographical information:

| be solved

EO
scientist
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Obtain ground-truth
data

Obtain layers of
geo. info (

Build polygons

Identify satellite data
to address the

neahlam

» Georeferenced Population Census 2010 (Block Level Aggregation)
» Georeferenced Economic Census (Economic Unit Level)

Assign labels

INEGI | Obtain ground-truth data; 2010 Census Data
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be solved | h 4 -
Obtain ground-truth

Obtain ground-truth data l - data

Obtain layers of
geo. info (

EO
scientist

Build polygons

Build the polygons (1 km — 1 km) e ||| L[z ]}
\\.
1" 975, 719 Polygons '

INEGI ‘ Obtain ground-truth data; 1km x 1km Grid




Obtain ground-truth data

Assign Labels

Lﬁ,‘ n

Georeferenced
Census Results
(Population and Intersected with the
Economic) 1km national grid
o
"3
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] be solved \ 4

EO
scientist

L 1 Obtain ground-truth
data

Obtain layers of
geo. info (

I Build polygons I

to address the

Identify satellite data Assign labels
g
L} ; —

neahlam

k

'
. Urban

Non-Urban

INEGI ‘ Obtain ground-truth data

36,759

1km by 1km regions
1,938,960
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Exeprts l
. . . Establish problem to

Obtain satellite imagery data be solved :

Obtain g ;ot:nd-truth

. . Obtain layers of

« 32 TB of Images in external discs. o l
« 90 TB decompressed [Buidpolygons_|
« March 4, 2019 by ,

Obtain satellite
imagery data

« Theimages are ARD, Analysis Ready Data.
* In essence ARD means that the pixels of the entire time series are aligned and
comparable. : S

‘ Obtain satellite imagery data

ZUSGS

science for a changing world
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Exeprts
Establish problem to
be solved » A -
P Obtain ground-truth
data
1 i 1 Obtain | f
Obtain satellite imagery data . obtain satolte
scientist imagery data
] 36 Year S I Build polygons I
Identify satellite data I Assign labels I
to address the L 9]
Total de Imagenes por Afio / Sensor
m Landsat 8 = Landsat?7 = Landsat5 = Landsat 4
8000
6239
6016 919 5900 6075
6000
4149 4382
3977 3938 3970 4113
3789 3798 3707
e 3397 3588 3539
3263 3064 3214 )
3017 2884 2873 2819 574
2355

2000

712 4g1 730 725

Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total Total
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2070 2011 20712 2013 2074 2015 2076 2017 2018

Obtain satellite imagery data
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Exeprts
Establish problem to
be solved A
Obtain ground-truth

Obtain satellite imagery data -
« 2010 same year of the Census . S

scientist IWI imagery data
Identify satellite data [ Assign labels | |

to address the

..... —

Australian Government

Geoscience Australia

OPEN

3,707 images: k J DATA
3.1 TB. cue

: | Go omer = - m‘gmiﬂz “x —_ K,u
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4 Core method
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2,737,273,075 pixels — 35 Gb
National Cloud-Free Mosaic

INEGI ‘ Use the ODC to generate annual summaries



*35es |NEG¢omparador de Geomedianas

Color natural : 2 b L A o Color natural
2000 . ‘ SRR 2019 v

Deslizar

92°39'31.29" W, 19°08'42.61" N

s INEGI ‘ Geomedians
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Integrate ground-truth data with satellite data [rssonies ]
_ﬂ [
- 2010 National Cloud-Free Mosaic B |
33 x 33 pixels 8l data —
30 meters of resolution ! Y
| oo | i

2010 Labeled Grid

6

" ‘ ’
4

% 3

2

1

S 1kmx1km 33 Pixels
» ‘~ ) 1 ~1km

Labeled Multispectral Image Patch

‘ Integrate ground-truth data with satellite data
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* From national grid with the urban and non-urban labels, a random sample of 40,000 elements was taken:
20,000 for each class. Then, image patches were extracted from the cloud-free mosaic. Resulting in 40,000
images labeled, each one with 33 pixels x 33 pixels, with 6 spectral bands (or layers).

INEGI ‘ Take a Random Sample
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Define features and generate a dataset to be used for analysis Define features and

generate a dataset to
be used for analysis u

» Feature Engineering

Calculate Spectral Central pixel
Indices for each pixel P —» Spectral Features
N values
in the patch
Calculate 7
statistical » Sp | Statistical Features
measures
Calculate 7 statistical » Plain Statistical Features
measures
One multi-band Calculat P O e e e A O
image patch sicais — Plain Histogram Features a2
ge p histogram 9 A —
12 GLCM Plain GLCM Features STy
Matrices — Jon| 1
Calculate 7 statistical o -
- 6 Statistical measures » GLCM Statistical Features Jaaa] o
R gpo‘:v‘“:zr) properties for each pre_ P TIE—— T
GLCM calculated waictiate Sicuiaie Fistatsiical » GLCM Histogram Features
histogram measures
40,000 tagged regions . .
40,000 rows in a data matrix
Ikmx tkm Calculate » LBP Histogram Features
33 pixels x 33 pixels x 6 Bands Histogram
12 GLCM » LBP-GLCM Plain Features
. Matrices
LBP Filter isti
6 Statistical Calculate 7 statistical » LBP-GLCM Statistical Features
" measures
properties for each —
GLCM calculated C_alculate Calculate 7 statistical | LBP-GLCM Histogram Features
histogram measures
. Calculate 7 statistical
40 Gabor Filters e — » Gabor Features

lNEGl Define features and generate a dataset to be used for analysis



Models tried

Two different models were tested, an Extra Trees model also

known as Extremely Randomized Trees and a LeNet Convolutional
Neural Network

Convolution Convolution

Fully
connected Fully
= connected
D/ g » T - Fully
- connected
-Pooling

INEGI ‘ Detailed results
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Decide ML algorithm
(e.g. NN, Random
Forest) and validation
method (e.g. CV,
LOO)

R

Train a model with
training dataset and
test with test dataset.
Repeat for each ML
and split of dataset

v

Evaluate ML
algorithms and decide | _J
one (consider also

ensemble)




Results

The evaluation with training data was performed 10-fold cross-
validation, for both methods.

Extra Trees

Non-Urban
Urban
O.A.
macro avg
weighted
avg

precision
0.92312
0.93438

0.92873

0.92882

recall fl-score
0.93532 0.92916
0.92218 0.92821
0.92870
0.92875 0.92868

0.92870.92870

LeNET

Non-Urban
Urban
O.A.

macro avg
weighted
avg

INEGI ‘ Detailed results

precision

0.91372
0.90465

0.90919

0.90917

recall
0.90296
0.91445

0.90868

0.90873

fl-score
0.90808
0.90932
0.90873
0.90869

0.90872
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Decide ML algorithm
(e.g. NN, Random
Forest) and validation
method (e.g. CV,
LOO)

T,

Train a model with
training dataset and
test with test dataset.

Repeat for each ML
and split of dataset

v

Evaluate ML
algorithms and decide | _J
one (consider also

ensemble)




)y Iy &
/4 INEGI

/

| Next Steps



i g
SUSTAINABLE

Next Steps DEVELOPMENT |AEG-SDG
P GOALS s

* Finish other iteration, no later than one 2 months.

* The grid is also an important innovation and is evolving, it
Is likely that we will have a new version very soon and we ——
should update the classification. (P “oaganisonan

* Apply the model to un-labelled years, for example 2019 — -
first semester,

 Validate a sample of the un-labelled year, requesting b ety
support for the area of visual interpretation of the ssimetes
geography division, to have a measure of product quality.

* Hold more meetings with the area of sociodemographic
statistics, involve them in the exercise to improve the
potential benefit in the population estimate. I imiabelied satalic P

« Hold meetings with the cartographic update area, to E

receive feedback.

Y
Prediction Evaluation Dissemination

INEGI ‘ Next Steps




)y /Iy~
/4 INEGI

y

@

N | AEG-SDG
l" B S

G™:ALS

|GRACIAS!

abel.coronado@inegi.org.mx



mailto:abel.coronado@inegi.org.mx

Con,ociendo
Mexico
0180011146 34

Www.inegi.org.mx
atencion.usuarios@inegi.org.mx

Kl @ E1 L INEGlInforma



