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GeoSpatial Data
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What is geospatial data?

- Geospatial data is data with a
geographic component. Think
data like latitude/longitude
coordinates and satellite
imagery.

- We can use this data in its raw
format in cases like satellite
imagery, or use it to derive new
features to include in modeling.

 Ignoring the spatial component
of our data means we're
ignoring potentially valuable
information.
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Figure 5. Data and example outputs for Plasmodium falciparum malaria weighted road network analyses. (a) Africa road
network with each road segment coloured by its maximum value of Pfalciparum prevalence multiplied by population. (b)
Output of community detection on the data in (a), showing the result for 20 communities.

A classic example is analyzing the relationship between disease
spread in Africa and road network density.



VVectors

- Avectorisa
geometry - either a
point, line, or polygon

- Features with discrete
shapes or boundaries
like roads or
administrative regions

- Easy to tie metadata
to or derive features
from

- This is what our
Location Al uses
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Formats

Only 5 you need to know for DataRobot. All ESR' File Geodatabase

: Approximates a database
are designed to store vector data through a nested folder
structure
. - DR takes a zipped .gdb
ESRI I\Sﬂgzgifglrimon format and reads the first layer
Multifile ’

Well Known Text
DR requires a zipped folder with Way of representing vector

.shp, .shx, .dbf, and .prj files. data within a columnin a
+  GeoJSON (RFC7946) csv or something similar

Single file e.g. POINT (-116.0, 32.74)

As name suggests, stores vector - PostGIS

information in a json format PostgreSQL but for GIS
data
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GeoJSON

Geometry primitives

Type Examples
{
n "type": "Point",
Folnt 5 "coordinates": [30, 10]
}
{
"type": "LineString",
LineStrin < "coordinates": [
9 {30, 10], [10, 30], [40, 40]
]
}
{
"type": "Polygon",
@ "coordinates": [
(3o, 10j, 4o, 40j, (20, 40), (10, 20], [30, 10]]
]
}
Polygon
{
"type": "Polygon",
"coordinates": [
[r3s, 10j, [4s, 45, [15, 40j), [0, 203, [35, 10]],
(rzo, 303, (35, 35], [30, 20], [20, 30])
]
Y
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{
"type": "MultiPolygon",
"coordinates": [
W (3o, 20], (45, 40j, [1o, 40], [30, 20]]
= ’
(s, 51, 40, 10y, [0, 20], (5, 10], [15, 5]]
]
]
}
MultiPolygon
{
"type": "MultiPolygon",
"coordinates”: [
[
[r4o, 40), [20, 45, (45, 30], [40, 40])
\] 1
[
(2o, 353, (1o, 30j, [0, 10y, [30, 5], [45, 20], [20, 35]],
reso, 20), 20, 153, [20, 25), [30, 20])
]
]
}
{
"type": "GeometryCollection",
"geometries": [
"type": "Point",
"coordinates": [40, 10]
I
{
"type": "LineString”,
"\ "coordinates": [
GeometryCollection }, (10, 10], [20, 20], [10, 40]
o
]
b
{
"type": "Polygon",
"coordinates": [
(40, 40), [20, 45], [45, 30], [40, 40]]
]
}
]
}

https://en.wikipedia.org/wiki/GeoJSON



https://en.wikipedia.org/wiki/GeoJSON

UsecasesinR: & & =4, Correlation

NMZAl 2= 43 Profiling
https://datamod.tistory.com/41
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Use cases in R : Intrinsic but not for general ML

visitper1000
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MCI package (Multiplicative Competitive Interaction Model)
https://journal.r-project.org/archive/2017/RJ-2017-020/RJ-2
017-020.pdf

ijmatrix <- ijmatrix.create(shoppingl_KAeast, "resid_code”, "gro_purchase_code",
"gro_purchase_expen")

ijmatrix

interaction resid_code gro_purchase_code freq_ij_abs freq_i_total p_ij_obs
1 resid1-ALDI1 residl ALDI1 10 186 0.053763441
2 resid1-ALDI11 resid1 ALDI11 ] 186 0.000000000
3 resid1-ALDI2 residl ALDI2 ] 186 0.000000000

Distance decay functions Distance decay functions
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Working with GeoJSON

https://rstudio.github.io/leaflet/json.html

topoData <- readLines("json/us-10m.json") %>% paste(collapse = "\n")

leaflet() %>% setView(lng = -98.583, lat = 39.833,
addTiles() %>%
addTopoJSON(topoData, weight = 1, color = "#444444",

zoom = 3) %>%

fill = FALSE)

+

Leafiet | © OpenStreetMap contributors, CC-BY-SA


https://rstudio.github.io/leaflet/json.html
https://journal.r-project.org/archive/2017/RJ-2017-020/RJ-2017-020.pdf
https://journal.r-project.org/archive/2017/RJ-2017-020/RJ-2017-020.pdf

DataRobot Location Al
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DataRobot Location Al. Where Predictions Count

oyments Model Registry Insights Repository Applications Al Catalog

Upload your
geospatial datain a
variety of file formats
and well known types

Combine location with
numeric, categorical,
date, text, and image
feature types

Add the Power of Spatial Awareness to Your Machine Learning Models
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Automates specialized
spatial feature
engineering on your
location data

Visualize model
accuracy over space
to explain where your
predictions work best



Location Al. Add a Variety Spatial Data Formats

DataRobot accepts a variety
of geospatial file form
including:

e ESRI Shapefiles

e GeoJSON

e PostGIS tables

e ESRI Geodatabase

Location Al also
automatically recognizes
well known spatial types like
lat/long, lines and polygons
in your tabular data

7 CalifoniaHousingDemoData.geojson - Notepad

File Edit Format View Help

{ "housing_median_age": 41, "total_roo
edian_house_value": 452600, "ocean_proxim

properti
8.3252, "

-122.23, 37.88 1 } },
{ "type": "Feature”, “properties”: { "housing_median_age": 21, “total_roo

: 8.3014, "median_house_value": 358500, "ocean_proxi

“properties”: { "housing_median_age": 52, "total_roo
7.2574, "median_house_value": 352100, "ocean_proxim

177, "median_income”:
-122.24, 37.85 1 } },
": "Feature", “properties”: { "housing_median_age": 52, "total_roo
“median_income”: 5.6431, "median_house_value": 341300, "ocean_proxim
-122.25, 37.85 1 } 3,

£ "bunat. "Lastuma”  "mnanantiac”s { "haucina madian ama"s K2 "tatal man

Iisting_id year_buit zipcode latitude longitude 2ip_geometry
1441504 2017 84005 40312476  -112.006228 POLYGON ((-112.043997 40 30¢
1470667 1983 84057 40298407  -11170739 POLYGON ((-111.739361 40.32¢
1477442 2018 84049 40538102 -111462845 POLYGON (-111.503942 40,577
1489998 201 84790 37051012 -113.554679 POLYGON (-113 65158 37.051¢
1445745 2017 84020 40672531  -112762883 MULTIPOLYGON (-11262918€
1493892 2018 84043 40410061 111909952 POLYGON ((-111.925198 40 42(
1482573 2018 84005 4035035 111961882 POLYGON ((-112.043997 40.30¢
1485564 2017 84020 40672531  -112762883 MULTIPOLYGON ((-112.62918¢
1472759 2002 84124 40677054  -111822943 POLYGON ((-111.866029 4067¢

1492385 2015 84085 40477219 -111917686 POLYGON (111992816 40 506
1493091 2018 84008 40763395  -111.460806 POLYGON ((-111.647979 40.77¢

28 fisi 0687345 -111.851129 POLYGON ((-111.866029 40.67¢
40600228 -111.842301 POLYGON ((-111.856898 40.61¢
40542895 -111918858 POLYGON ((-112.069137 40 53¢
1468005 40525729 112041271 POLYGON (112185211 405117
1494086 40772306 -111.871853 POLYGON ((-11.909817 40.79¢
1438311 1998 84078 40.472757  -109.507355 MULTIPOLYGON (((-109.47816¢
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#Datal u 0 els ents Insights

Al Catalog / CallfomiaHousingDemoData.geojson

info Feature Lists Relationships Version History Comments

Sample Data

jumn for more detals Columns  1:90f9 Rows 120011915

housing m.. totalroms totalbedro.. population  households  medaninc.. median ho..  ocoan prox.. geometry

Begin a project by dragging a dataset here
or

simply import from: Browse

Data Source URL HDFS Local File Al Catalog

Drag and drop your data into
a new project or upload and
share via Al Catalog




Location Al. Explore Your Dataset by Location

Use Cases Models @D Deployments Model Registry Insights Repository Applications Al Catalog

Feature List: All Features Vv ew RawData A 1-50 of 120

© price (Numeric) Target Numeric

Histogram Frequent Values Table

Hexagon color by Avg

Hexagon height by Count

Location Al provides
interactive map
visualizations that allow you
to explore the distribution of
your dataset feature values
over space
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Location Al. Blend Diverse Feature Types Together

bathrooms

sq_ft

zip_geometry

- zip_geome...entroid)
- zip_geome...BR Area)
- zip_geometry (Area)
zip_geome...(Length)
bedroom_image
kitchen_image
high_school

amenities

jr_high
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Numeric

Numeric

Location

Location

Numeric

Numeric

Numeric

Image

Image

Categorical

Text

Categorical
e———

1.05e+9 2 23et9
3.49%e+8 6.57e+8

134168 140,008

DataRobot allows you to mix
location features with
numerical, categorical, text
and image features in the
same dataset

829




Location Al. Automated Spatial Feature Engineering

Use Cases D Models @ Deployments Model Registry

zip_geometry

Feature List: All Features v

© ‘- zip_geometry (Centroid)

[ ] zip_geometry (MBR Area)

zip_geometry (Area)

Point color by Avg
|

DataRobot confidential.

o zip_geometry (Length)

Histogram Frequent Values Table Geospatial Map

dA
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Insights Repository Applications Al Catalog

Location

Location

Numeric

Numeric

Numeric

1-37 of 37

1.05e+9 2.23e+9 4.00e+8 9,766,942

3.4%e+8 6.57e+8 1.50e+8 3,709,312

134,168 140,008 83,302 11,299

Location Al automatically recognizes
geospatial features and derives new
features from them, to help improve
model accuracy. For example:

Centroid

Minimum Bounding Rectangle Area
Area

Length

5.83e+10

5.43e+9

975,259




Location Al. Automated Spatial Feature Engineering

Evaluate Understand [ e Predict Comr*“-—--- ~-——-- *=

Blueprint  Model Info Lo¢ Spatial Neighborhood

Featurizer Spatial aware blueprints leverage

Spatial Neighborhood Featurizer '‘Neighborhood Featurizers' use to derive
the Nearest Neighbors between
observations in your dataset

D bot Model Docs

: Parameters:
Ordinal encc

of categori )
variable:  PostProcessing: wordcloud : False

PreProcessing: frozen parameters
lid : None

Forest: n_jobs : 1

ks:[10]

PostProcessing: stack_margin :

Categorical
Variables

Geospatial Geospati

Location Epcatior eXtreme Gradient
Variables Converte d branches Boosted Trees Calibrate

e Regressor with predictions

Early Stopping

Prediction

Spatial
Neighborhood
Featurizer

Numeric
Variables s
Missing Values

Imputed
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Location Al. Spatial Model Explainability

'Accuracy OVer Space' Visualizations Use Cases Data jels @ Deployments Model Registry Insights Repository Applications Al Catalog
help explain model accuracy by Learning Curves  Speed vs Accuracy Model Comparison
location. Information can be displayed

as points, heatmaps and shapes _— Familiar explainability charts help

‘ P iy o st show the importance, fit and
accuracy of your geospatial
features in the model

Use Cases Data odels @ Deployments Model Registry Insights

Learning Curves  Speed vs Accuracy Model Comparison

Understand Describe Predict Compliance Comments Feature Impact

LiftChart  Residuals Feature Fit  Accu erSpace  Advanced Tuning Visualization: Aggregation: Data Selection: Validai Metric Type:

ap Legend A ) zip_geometry
sq_ft
" 5 acrgs
Point color by Avg Residual ey
exterior_image
year_built
description 9209849 0.6892 674238.6176
[ ——
o &4 Highlight in yellow residuals 1 times greater than the standard deviation
W redctonsdutbuion >

bathroom_image
high_school ™ >

bedroom_image
2ip_geometry (MBR Area)
jarage_type
elementary
2ip_geometry (Area)
Tatitu

school_district 3

# of Residuals
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Spatial Feature Engineering
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Automated Spatial
Feature Engineering

Derived spatially lagged features
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Spatially lagged features are derived to gain insight
into the spatial structure of the data (i.e., spatial
autocorrelation) to help inform DataRobot models of
spatial dependence patterns

Location Al implements several techniques for
automatically deriving spatially lagged features from
the input dataset, including:

e Spatial Lag: A k-nearest neighbor approach to
calculate mean neighborhood values of
numeric features at varying spatial lags and
neighborhood sizes.

e Spatial Kernel: Characterizes spatial
dependence structure using a spatial kernel
neighborhood technique. This technique
characterizes spatial dependence structure for
all numeric variables using varying kernel
sizes, weighting by distance.



Automated Spatial
Feature Engineering

Derived local autocorrelation features
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In addition to capturing spatial dependence
structure in neighborhood features, Location Al uses
local indicators of spatial association to capture hot
and cold spots of spatial similarity within the context
of the entire input dataset. The Spatial
Neighborhood Featurizer calculates neighborhood
indicators of association for all non-target numeric
variables. The derived features characterize the
relative magnitude of local spatial dependence in the
input dataset. Features derived in this manner can
help present particularly impactful local spatial
dependence structures to DataRobot models,
improving model accuracy where hot spots and cold
spots or abrupt transitions in feature values are
present.



About “ks” and “lags”
K=5 ® O ® O K=5 ®
Lag=1 Lag=2
o 000
0‘ . ¢ y ®
°. © 0. o ® ®
O
® Q
O O
O

Searching neighbors:
- Sort all the neighboring locations by its distance to the center location in the
ascending order.
If ks = 5, lags = 1 — The neighbor feature of each center location is calculated based
on the feature values of the first 5 nearest neighboring locations.
If ks = 5, lags = 2 — The neighbor feature of each center location is calculated based
on the feature values of the 6th to 10th nearest neighboring locations. @ c location

Neighbor locations
picked to calculate
DataRObOt Confidential. ©2021 DataRobot, Inc. — All rights reserved neighbor Stats
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M E A= 01 GOl H

2011~2020 & A2 0| (477021)

epoch_date

2020-12-31 13:08
2020-12-30 22:29
2020-12-28 15:37
2020-12-27 04:50
2020-12-26 15:17
2020-12-25 16:22
2020-12-25 14:00
2020-12-24 22:07
2020-12-24 21:47
2020-12-24 17:29
2020-12-24 15:59
2020-12-24 15:57
2020-12-24 14:50
2020-12-23 17:14
2020-12-20 11:57
2020-12-19 18:08
2020-12-19 13:45
2020-12-19 13:15
2020-12-18 15:43
2020-12-18 14:20
2020-12-17 20:30
2020-12-17 19:41

ext_date epoch_arr epoch_addr LA _MEA  mNE A
2020-12-31 16:00 & 7| 27| ¢y SH JIEHHFHYH) 0.01 A
2020-12-3105:00 Z7| Z7| g¥F =5 Uy SUEAs 0.06 (=
2020-12-28 17:15 &Y SE 3ol i o L LK 0.03 Google GeOCOde _jl —
2020-12-27 06:30 Z7| FEE L ETE U EAS} 0.03 S,’.|/%I & Column _='=_j|.
2020-12-26 18:10 Fd e ste & Oidl 422443} 0.05
2020-12-25 18:20 Z8 2 Y YA Y 7|EHET ) 03
2020-12-25 18:00 =d g H S &g 7|EHEE © &) 0.05
2020-12-24 22:8gpoch_date  ext_date epoch_arr epoch_addr ‘3’2&% M (m2) Latitude Longitude
2020-12-24 22:82020-12-31 13:0 2020-12-31 16:00 47| 47| 4" sH SH OfYA D EHE 100 37.5196872 127.4635847
2020-12-25 08:112020-12-30 22:2 2020-12-31 05:00 & 7| 47| d¥F =8 Y AR} M3t 600 37.6881723 127.3215807
2020-12-24 17:112020-12-28 15:3 2020-12-28 17:15 & s 3 ol st 1 H 3t 300 36.0647238 127.371445
2020-12-24 16:112020-12-27 04:52020-12-27 06:30  &7| B BN ES =X 300 36.9888552 126.8480663
2020-12-24 15:1{2020-12-26 15:12020-12-26 18:10 Tt T st =L O Heloly 500 34.9712299 126.9379291
2020-12-23 19:12020-12-25 16:22020-12-25 18:20  Z& 2 g Fa s YR Aot 3000 37.1920944 128.4730785
“12020-12-25 14:0 2020-12-25 18:00 & g% s Y YLHRE Azt 500 36.8033118 127.3303017

2020-12-20 14:855 12,24 22:0 2020-12-24 22:25 27| Z7] YT 3E KA UMK} M3} FH 100 37.6232149 1273001357
2020-12-19 21:85020.12.24 21:4 2020-12-24 22:48 27| 37| BF 2N Y B SxEA= LR YL 500 37.342731 127.3983135
2020-12-19 15:§12020-12-24 17:2 2020-12-2508:10 ZAE ZEFF oy M QAR A%} 30000 36.011763 129.163165
2020-12-19 16:§§2020-12-24 15:5 2020-12-24 17:20 ZHE 45 ol Hlgt X2t AR M3t 500 36.3371869 128.4906321
2020-12-18 17:§12020-12-24 15:5 2020-12-24 16:30  $At 2ok Abst FE deolojy 100 35.0768871 128.970675
2020-12-18 18:112020-12-24 14:52020-12-24 15:37  IH oI 23t S ¥ AR M3 = 600 37.8004766 126.4481907
2020-12-17 22:4/2020-12-23 17:1:2020-12-23 19:20  &7| 37| ot St Hlat deloy 600 37.4069689 126.9426549
2020-12-18 02:412020-12-20 11:52020-12-20 14:00 &4t St EF N LA Aol 800 36.3559552 129.3355846

2020-12-19 18:0 2020-12-1921:00 F& e =% 54 oA UHE o vzt 100 35.441324 127.2426959

2020-12-19 13:4 2020-12-19 1540  Z7| 47| ¥Y gt 949 YLK} M3t 1500 37.4727209 127.4202625

2020-12-19 13:1 2020-12-19 16:00 & 7| 47| 2 o LR} M3t 100 37.6146576 127.1325968

2020-12-18 15:4 2020-12-18 17:20 A A YA O A B HFE M3t 300 35.2207275 128.579688

2020-12-18 14:22020-12-18 18:00  F4At e K 2 AR} M3t 100 35.0945911 129.0092612

2020-12-17 20:3 2020-12-17 22:00 & g 28 Hetay O AL 400 36.4206687 126.6678364

2020-12-17 19:4 2020-12-18 02:20 = a5 2 2% & 2el0|4 7300 36.9953623 129.4031027
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EDA

Primary location feature X

Geospatial Modeling

DataRobot detected location features

geometry
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TS (m2)

Latitude

Longitude

geometry 8 Location

Transformation

Point color by Count
|




Autopilot resu

Leaderboard Accuracy over space

Metric

Point color by Avg Residual

eXtreme Gradient Boc ~*-~ ™---- ™ Fommmtemsh
Identifies the best validation or cross-validation score
for an individual model, retrained on a higher sample
size and ready for deployment

M160 BP24 MONO # 80.0

& Advanced AVG Blender

M169 M14743747748413+

@ AVG Blender

M168 M37+8+29

2 ENET Blender
Multipl

M170 M147+37477+8+13+

eXtreme Gradient Boosted Trees Regressor (Poisson Loss)

M156 BP24 MONO

& ENET Blender

M171 M37+8+29

eXtreme Gradient Boosted Trees Regressor (Poisson Loss)

M37 BP24 MONO
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Feature Impact

Location relevant features (geometry) dominates

Feature Impact ©

geometry

epoch_addr

ext_date (Hour of Day)
Latitude

ext_date (Month)

ext_date (Year)

ext_date (Day of Month)
epoch_date (Day of Month)
epoch_date (Month) A
Longitude

epoch_date (Year) A
epoch_arr

epoch_date (Day of Week)
epoch_date (Hour of Day)
ext_date (Day of Week)
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Insights

Any new ideas? Hotspots ?

Coefficient: 1.0000

Appears in 1034 rows M E" 7 I A

Sokoho!
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Other use cases
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Geospatial maps for
Polygon line

Road Accidents

Every single model has the "Length” feature in
the top 5 most predictive

Feature Impact

The Length of the road is very predictive, longer
Road accidents are influenced by the road hlgherhe epsure to risk
multitude of factors, from external
factors (eg. Weather) which are
outside the control of the driver, and
also internal factors (eg. experience)
attributed to the driver.
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House Price

-'—."*_
price range 1,700 - 94,266 ’

price range 94,266 - 186,832

e : b
l price range 279,398 - 371,964 , ° " J price range 371 964 - 464,530

...... Zonstruction o Buitr

House price is affected by number of
bedrooms, number of bathroom,
number of floors, even image of
kitchen room and exteriors,

and location and topology of terrace
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ZIP geometry of polygon

POLYGON((-112.043997 40.305434,...))

Accuracy over space * Zip geometry
dominant in FI

Feature Impact ©

bathroom_image
zip_geometry (MBR Area)

Effect




¢ These are the top 3 reasons why the model says
that we will have sales of USD 5428 in this area if

Store Location we set up a shop here:
- c u Reason Value
Optimization Reason  vale
geometry POLYGON((...
secondary_education 996
‘ population 3216
% lia il
q - Map - nsville o Lihdtadidl Flint Hil
I + ’___ i p
- o
e Rosemount [4
. . Apple Valley 9
Where should we put our next store in B”"k”"‘;g
order to maximize sales?
Vi
® H
GO _‘Sle Map data ©2021 Google Terms of Use Report a map error
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Appendix.
More details of Spatial Feature Engineering
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