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Human-Centered Data Science Approach to
Movement Analytics

Top down approach
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Visualization of Movement

Web of Science

TOPIC 1: 'geovisualization' and 'movement
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How and what conditions?

Attribute

Mapping Movement:
A Pyramid Framework

Kraak (2014), Mennis, Peuquet, and Qian (2000)

Context parameters
Movement parameters

What behavior?

Linear : 2 : Lagrangian
Cyclic Time - - Location Eulerian
Where in space and time?
When? @ Where?
How long? R Y JOPS What path?
How often? é ‘.0’

Source: Dodge and Noi (in review) CaGIS UC SANTA BARBARA



VISUAL ELEMENTS

Elements of the Cartographic Framework for
Movement

Source: Dodge and Noi (in review) CaGIS

FUNCTIONAL
ELEMENTS

1  Vector binary
2  Raster binary
3  Lagrangian binary
4  Eulearian binary
5  Discrete binary
6 Aggregate binary
7 2D binary
8§ 3D binary
9  Static binary
10 Dynamic binary
11  Location binary
12  Time binary
13 Movement parameters binary
14 Context parameters binary
13 Multiple coordinated views (MCV) binary
15 Dynamic querying binary
16 Public users binary
17  Private users binary
18 Knowledge construction binary
19 Knowledge presentation binary
20 Interaction categorical
21  Flexibility categorical
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Movement Data

Trajectories (discrete) O-D flows (discrete and aggregate)

I 1500 - 3000

D. Guo (2014)

Xavier & Dodge (2014)

GPS Trajectories of 9 adult albatrosses (90 min resolution), US Migration: "Smoothed net migration flows for age 25-29, with
annotated with wind speed (m/s) and wind direction, 6-hour, 2.5°, population threshold = 1,000,000. The background map shows
U/V-wind components NCEP Reanalysis 2 using Env-DATA the net migration rate for age group 25-29.” Guo, 2014

Movement of humans, vehicles, animals, diseases, natural phenomena, efc.
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Data Collection vs Representation Perspectives

Lagrangian perspective:

Observing movement from the perspective of the moving
entity; following the entity along its track over time
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Eulerian perspective:

Observing movement at fixed locations; recording presence
of moving entities at certain locations over time

«;g))

Dodge (2019), Laube (2014)
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Data Collection vs Representation Perspective

Lagrangian perspective:

Bebari Y. ™ R o

e it —a A N , Radius is proportional 1o max
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Tiger activity at different temperature Car Trips in Milan (O-D flows)
Collaboration with Esri, N. Shephard Andrienko et al (2017)

Dodge (2019), Laube (2014) UC SANTA BARBARA



Data Collection vs Representation Perspective

Eulerian perspective:

>
I 1500 - 3000

US Migration: “Smoothed net migration flows for age 25-29, with population
threshold = 1,000,000. The background map shows the net migration rate for
age group 25-29.” Guo, 2014

D. Guo (2014)

Dodge (2019), Laube (2014) UC SANTA BARBARA
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Mapping Movement - Location

Longitude

tail-wind (m/s)

R
5 10

Vector representation:
Often for discrete movement and flow lines

Wood et al (2010)

Raster representation:

Commonly for aggregate movement and flow density

Wood et al (2010)
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Mapping Movement - Time

Animation

€ (0000000 ¢

for
o

\

oy )
e¢

Duration (days)
&

Attribute presentation using
visual variables 2012 gass 4.

% 2003

2001 L

\

[

(‘
h

Galapagos\Island

1884

tail-wind (m/s)

1935 ’
_ o * q] I I *
. f -5 0 5 10
@ o :

Perin et al. (2018)

Time Destinations
» dv o g > 40 o A
FEESEELSEESSSETSESEE
Eritrea -_ Sweden
Eritrea Finland

Eritrea - Norway

Time line Kraak (2014) -

Eritrea United Kingdom
Eritrea ‘ﬁ Netherlands
Eritrea Germany
Sweaden
a Eritrea Belgium
& » - . p !
- . Iy ’ . . Eritrea Czech Rep.
(_, ar le @Ul alive ded pectes duccesdives en Bommes de £’ Qrmée c};&uw‘wo dans fa Campague— de c//){ ussie. N812 ~1813. °
; JIZ 2 ) ) 4 ay , . Eritrea Luxembourg
Mazessee pax M. tM(th, . cmrerh‘uL Cjtm'»mf 2e8 Louts er— Chanssces en rebraite &P
o avis, {2 20 ‘)?mmm/rm 1(969. Eritrea Austria
( ) ' , 3o - —— ' P - " . . % 2 s Eritrea - Switzedand Norway
des mombres 2 flmum.’ Frm«u Jowi~ Keptedentes par LJ,FM?cuw des Fones co&ucd a naison 3w williselze o e mem;/zwmmcé ; u?é Somwl— de V&w eould ew bravers % . MOSCOU .
- ay " . . . r 5 . ’ . %, % v Eritrea France
des Foues . .rc,’n"owt amng feo Bommes quvmlum_ ‘e g’{wme., fe moi cenac_quiv endottem— 2tﬁ/uuétigtuutruw qur ot~ Jewi a dtesset Pa cale om~ote pusded ‘E % '
o / ; o ¢ o, Wom e Erit Ita
daus fes onvraged de M. Chiers N Jcc./;?/lll‘ i de C%Z(JIIJIL( 7 deChambr al ei. fe jowenal inedin—de //aca[/, phammacion de ! Olenece aurwéé fe 28 Oclobre ;\(x = x
s . . - 0. A s T g ¢ ’ -~ A . ’ ’ . & - Eritrea Portugal
ffou(, weuac {'mu: Ja?u @ fauf»,{a dunimulionde Fau«u 'J ;wduﬂ:o:é 1-;: &a caz[ﬁ dn @m«c Jerome-er—du u’“a/zc’cﬂ:af Davouss— Tu avaiew—cte .aé!acf,a swe INlnsk A \\\ s = Estonia
& g S . . , . ’ s Eritrea Spain
ae Nobilow oM~ tejouit~ vers Quscha e Witebsk  avaiowtowjouss wanches avec L amee. Chjat | § %
% Sudan Sweden
22.000 S Sudan Finland Latvia
6. - Denn
- o mark
ad Polotrk Tarantino Sudan borway NG O Lithuania
Sudan Denmark s ———_
s
Cloubokoe ‘ ,5 Sudan Ireland i
% ~ Feland
g g %, Witebsk Liarasewts Sudan [ | | United Kingdom - o
;l“m . 2 2 | __Sudan Netherdands o - i Netherands _ Tomany Pdand
W Sudan Germany o ol BeGum
Sudan Belgum - e § Lusombowsg —  Czech Rep,
Sudan Czech Rep. Stovaki
Aoz R Sud Austr =
udan stra — — — p— =
I\ R . Awstria Hungary
|1 8 Sudan Switzedand - - - - ~ Swizerand
| . - France Sovena
| Sudan France Romania
| | Smorgoni Sudan taly Croatia
= - —— Serdia
@.;E 38 § 2 . Sudan Portugal 5 \
Vs - hi b 8 aladerno Licses communs de Franae (Carto de X do Fetonsse,) Sudan Soain Montenegro Bulgaria
o | ,
g oy J N ) e R . . TIYR Macedonia
| ‘ = ‘ g Djibouti Sweden
| \ = 1 * z’ | Djibouti Norway Porkigal
IS [  HMohilow ’
/ ' }!ﬁn‘rk I \ \\ } Djibouti Denmark Spain Gras
| b | ! . 1 Djibouti United Kingdom
‘i i | T Djibouti Netherlands Maln
’ ) r ’ e . , | ’
: TABLEAU CRAPHIQUE, dela températute en degiés du thermométre de Réaumur au dessous j]e zéro. 1 Djibout Germany
’ Lo
| = J ,,,,M z . 75 le188. Djibouti Beligium fumes
| e luie 24 87 i 5
Zar &tdyadrpaﬂm[’daja/op — ; I — S R W"W””W"TL7 — Fluia; 24 ) Djibouti Caech Rgp |
o0 , 7 F”"”"”’vwmm.,,,m | "9 le 9 95 |y MorSTZo
le Nigmen gele. \ W,.,w"" 1. T, l ™ 9. 1e9 9. 4 Djibouti Switzedand
_ ﬂw‘ﬂ”‘,‘,7 ”MMWM e — - {20 Diibouti Fraace
| e T ibou P
e 50 e 28 9 — 2 T 14 9 L25 B ; t / 2 01 1 : nci
N GO o+~ ki B oo S o [ oyandin et al. - ,
Ethiopia Finland

Astcg. par Regnier, 8. Pas. 5 Marie 5 G**d Paris Imp Lk Regnicr ot Drurdat



Mapping Movement - Location, Time, Attributes

Location and time

Movement parameters:
speed, acceleration, turn angle, etc.

Context parameters:
The condition and circumstances of movement, environment,

geography, behavior, mode, interactions, etc.
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Location, Time, Afiributes

Location and time

Movement parameters:
speed, acceleration, turn angle, etc.

Context parameters:
The condition and circumstances of movement, environment,

geography, behavior, mode, interactions, etc.

UC SANTA BARBARA



Location, Time, Atiributes
Bertin’s Visual Variables
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Other Cartographic Elements:
Visual Variables, highlighting, dynamic displays, 2D/3D environments

Tiger patrolling pattern
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Interaction Elements, Exploratory Tools, Flexibility

CARTOGRAPHY? '
presentation

EKNAMOvl's')

http://geog.ucsb.edu/~dodge/dynamovis

MacEachren et al., (2004), Roth (2013)

Developers (undergraduate students): Glen Xavier, Pinki Wong, Kate Carlson
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Visualization of Movement and Flow

A decade in review (2010-2020)

Source: Dodge and Noi (in review) CaGIS
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Summary and Future work

e Many inferesting work on visualization of movement and flows

® Infegration of movement and context parameters

e Inferactive and flexible Visualizations for movement (discrete and aggregate forms)
o Usabllity studies and evaluation

e WhereNexte Evaluate the elements of the framework
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THANK YOU!

Award # 1853681

Many thanks to all collaborators and students who made this research possible, including Evgeny Noi
(UCSB), UMN undergrads (Pinki Wong, Kate Carlson); Glenn Xavier (UCCS), Esri feam: Nathan Shephard,

John Grayson.
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