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What is Data Visualization?
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Architecture to Data Visualization
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Data Visualization is the Process of Translating

Data into Visual Element
2RI E— T MRS B Rt ind iz

Shan He, @heshan_cheri



FrontEnd Data Visualization
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Geospatial Data Visualization
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Common Types of Geospatial Visualizations
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3D Density Grid
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Uber Trips in London

Data Source: Uber
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California Earthquakes

Data Source: earthquake.usgs.gov
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@heshan_cher

Shan He,



We create visualizations to gain insights

from millions of location data
A MIEBIERI 2N T MASRENEREE

Shan He, @heshan_cheri



Sometimes this process can be painful
X IR AT

Shan He, @heshan_cheri



In Theory...

Shan He, @heshan_cheri
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In Reality...

Shan He, @heshan_cheri



qifbin.com

MacBook Air

Shan He, @heshan_cheri




Creating meaningful visualizations requires a

lot of trial and error.
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Shan He, @heshan_cheri
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Task:
Create a Visualization for UberPOOL \

BHER A AT AL \

Shan He, @heshan_cheri



Hypothesis:
Less Cars on the Road is More Efficient

HENEREST/)N

Shan He, @heshan_cheri



Data Collection
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Ride Separately UberPOOL
5 B 1T HHZERO1THE

Shan He, @heshan_cheri
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MacBook-Pro-116:demos shanhe$ I
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L67584993583787, -122. 1166200784 3658, 1481847961000, 3667336
L67490043217265, -122 .11537951843637,14818479370000 , 3667336
.67339128857824,-122.11321844597315,148184798300Q, 3667336
L67312879078338, -122.11287101656014, 1481847986000, 3667336
6725531684915, -122.11218512114485, 1481847990000, 3667336
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67@20952889732,-122.116020119530419,14813430G7022,3667336
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774993631918875,-122,41314527473502,1481837454000 , 28255073
/7748990576827 ,-122.41631011769853, 1481837490000 , £082997
/7773980450325, -122.41642075541098 , 1481837493000, 26815920
779408991753016, -122.41677798166542 , 1481837510000, 6412235
78423946977506,-122.41773421889549,1481837560000,46353@3
7842855159632, -122.4174211236437,1481837563008 , 28965375
7842855159632, -122.4174211236437,1481837563000 , 28965375
78465943366952, 122 . 41444473098545, 1481837587000, 14826
785588681359404 , -122,41463252712623,1481837587000, 14826
786071810825696, -122. 4108903636251, 1481837627000, 315496

.756159261950444 , - 122 . 48662175693517,1481821558000 , 824352

757780184522936, -122 . 46673706488079,1481821628009 , 7457395
76313970130403,-122.40725499620895, 1481821862000, 2306366
763211607228351,-122.460731740725968 , 1481821866000, 2306360
70447995980256,-122 . 40744068771379, 1481821922000, 13518775
70472335375897,-122.40352032244759, 1481822057060, 19201287
703440@5550228 , 122, 40349973417764,148182211306G0, 1259344
763359747130046, -122 . 40338416908052,1481822117000, 1259344
76225084004054 , -122 . 48327738425336, 1481822165000, 1259344
7021710524788, -122.40329010116538, 1481822169666, 18313412
70207183637949,-122.40512014005174,1481822232000, 8544254
70207183637949,-122.40512014005174,1481822232000, 8544254
7620596120646766,-122 . 40523644864535,1481822236600 , 196934 3
70078970819586,-122.403511487639870, 1481822291008, 1969343
700794832436765, - 122, 40496036569305, 1481822297000 , 1969342
70082993250086, -122. 4041411340367 ,148182232500@G, 1969342
70972202081089, -122.40499018777606, 1481822714000, 3343408
769671155428526,-122 . 46580017081821,1481822742000 , 10476685
76969525271111,-122.40596878772936,1481822747000, 10470685
76966047804788,-122 . 4064800300724 ,1481822 765004 , 19470685
77331817283256,-122.4110723372486,1481822990006 , 3568982
774993631918875,-122.41314527473502,1481823092000 , 28255873
77748990576827,-122,41631011769853, 1481823246000, £082997
7777398450325, -122.41642075541098 , 1481823257000, 26815920
779719886058416, - 122 . 4168408992882, 1481823345000 ,32338324
/8058988774247 ,-122.41702130551104 , 1481823383000, 6555184
78889952715933,-122.41867374955197, 1481823750000, 8367169
789745322735685,-122.41209108891957, 1481823979060@, 191683
7910969167221536,-122.41236661475690,1481824038609 , 5523674
790749467243245,-122.43254415133143,14818210196G00, 14583727
7891093755436, -122,43220735937741, 1481821097000, 725344
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/7938302684309, -122 ., 44G980060362¢53, 1481822021000, 547433
779316018338754,-122.44169113081686, 1481822048000, 547433
77904905417587 ,-122 .44371723745009, 1481822125000, 13696736
770229538112884,-122.44314368253647,1481822260000,4288211
775904924876805,-122.44574099995812,1481




Ride Separately UberPOOL

1st Try, d3 + canvas

Shan He, @heshan_cheri
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2nd Try, QGIS
@heshan_cher

Shan He,



Design Tip:

Use Contrast to Make it Obvious
I— B n] LATE @ ¥ EE

Shan He, @heshan_cheri
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3rd Try, Python + D3 + Canvas

Shan He, @heshan_cheri




Design Tip:
Add Motion

NN EE 2N 1)

Shan He, @heshan_cheri



UberPool

4th Try, animation Traffic Volume . _ﬂ

Shan He, @heshan_cheri
LOwW High



https://www.mapbox.com/about/maps/
http://www.openstreetmap.org/about/
https://www.mapbox.com/map-feedback/#/-74.5/40/10
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Dataset

2E 1%

CSV
Json
Geojson

Shan He, @heshan_cheri

Data Processing Visual Encoding
ENHEALIE SIEHEE
> Python > Motion
Javascript
Color
Opacity

Visualizations

e A= ke

Scatterplot
Path

Animation
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We built Kepler.dior fast visual exploration of millions

of geospatial data in the browser.
kepler.gl@ IS IRIE S Bt IR R T AYRT IR T B

Shan He, @heshan_cheri
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CSVRZTU N

Shan He, @heshan_cheri

id pickup_datetime dropoff_datetime trip_distance begintrip_latitude begintrip_longitude dropoff_latitude dropoff_longitude: fare_amount=

1 2017-01-15 19:05:39 +00:00 2017-01-15 19:23:42 +00:00 | 1.591 37.778564 -122.39096 37.37006 | 121.96353, 12,
2 2017-01-1519:05:39400:01.  2017-01-1519:3200 40000, 2381 a778e24i 42040804, 37.418655, 12214973451655
3. 2017-01-1519:0540+00:00,  2017-01-1519:21:00 400:00. 2830 38281445, 12220453 a7787052 122.41089' 125!
4 2017-01-151905:40400:00 2015:01-1519:28:18 400:00. 833, 8779384 422401210 37780136, A2240405) 26
5 2017-01-1519:0541400:00]  2017-01-15192036400:00. 237, 37456535 1221367050 37753033 12242920{ 1151
6 201701-1519:0541400:00.  2017-01-15192022400:00. 7431 3740086 42210280, 37749577 f{éé'_i{'ééé'i """""""""""" é'{_'é'E
7. 201701-1519:05414+00:00.  2017-01-15193100400:00, 36 777118, 12042850, 37786648 1224016341 175!
8 2017-01-151905:41400:00 2017-01-1519:10:22 400:00. 089, 37879066 422261080 38122818 42225750 55
9 2017-01-1519:0541+00:001  2017-01-1519:1055400:00. 096: 37775578 122303630 37788277 42240152{ 55
""""""" 1020170115190541+000020170115191236+OOOO125377892122408966378764531222700965655
"""""""" 1. 2017-01-1519:05:41 40000, 2017-01-1519:22:11+0000, 241} 37.779964, -12240308, 37.61695 -122383861 115!
""""""" 12 2017-01-151905:41400:00; 2017-01-1519:14:05+00:00, 1.5, 37.792385, ~  -122406494i 3780718 -12240002) 75|
""""""" 13/ 2017-01151905:42 40000/ 2017-01-1519:16:18400:00. 153, 37791046, -122.401855! 37751713, -12242713{ 9
""""""" 1420170115190542+OOOO20170115194907+OOOO180637769897122411683775977122419245525
""""""" 15,  2017-01-1510.05:42400:00 2017-01-1519:1833400:00 1767 87.798287 -122.41889{ 8780641 -122404816' 10!
""""""" 16/ 2017-01-1519:05:42400:00, 2017-01-1519:214040000. 519,  37.76018. -12241097i 37751354 -12243317) 175!

LA




Shan He, @heshan_cheri

Add Data To Map

o~

._‘L'IH a0 INE

Drag & D

rop Your File(s) Here

browse your files

"Chrome user: Limit file size to 250mb, if need to upload larger file, try Safari



https://www.mapbox.com/about/maps/
http://www.openstreetmap.org/about/
https://www.mapbox.com/map-feedback/#/-74.5/40/10
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Behind Kepler.gl

Shan He, @heshan_cheri



Tech Stacks
BUim iR £ IE P 404 2B {5

React + Redux

A javascript library for building
component based user
interfaces.

Shan He, @heshan_cheri

DECK.GL

Mapbox GL

An open-source libraries for
creating highly customizable and
responsive client-side maps.

uber/react-map-gl

react-map-gl provides a React
friendly APl wrapper around
Mapbox GL JS. A webGL based
vector tile mapping library.

uber/deck.gl

A WebGL overlay suite for React
providing a set of highly
performant data visualization
overlays.




WebGiL
Mapbox G L
React-map-(J!
Deck.Q|
Luma.g

Kepler.Q|

Shan He, @heshan_cheri



REACT-MAP-G
ReaCt + We bG I React components for Mapbox GL JS
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Shan He, @heshan_cheri




Reacti&éﬂ{tlz < react—-map—gl MapboxGL

WebGIEH)"J,{t)% < deck.gl

WebG Lﬁf{}'}%ﬁﬁﬁ < Luma.gl

Shan He, @heshan_cheri



import DeckGL, {ScatterplotLayer} from 'deck.gl’;
import React, {Component} from 'react';
import ReactMapGL from 'react—-map—-gl’;

class MyMap extends Component {

render() {
const {viewport, points} = this.props;

const layers = [
new ScatterplotLayer({
id: 'scatterplot’,
data: points,
getPosition: d => ([d.longitude, d.latitudel),
onHover: this. onHover

r)
1;

<ReactMapGL
mapboxApiAccessToken={MAPBOX_ACCESS_TOKEN}
viewport={viewport}
onViewportChange={this._onViewportChange}>
<DeckGL
{...viewport}
layers={layers}/>
</ReactMapGL>
}
}

Shan He, @heshan_cheri



Kepler.Gl Tech Stack

Data Flow Ul Rendering Map Rendering
5 EEN EA R HO S
State PF Component

Transition

Shan He, @heshan_cheri
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CPU GPU

Central Processing Unit Graphic Processing Unit

Single Tread Processing Parallel Processing

Bz i ME -5l 4h3E

Shan He, @heshan_cheri



FIE AT GPU

d d d d d d d d d R R

NS RNy |

GITI‘ShTo‘Ier Microprocessor iiiiii i’ rlél
] -~ . i F
CTTTITIT] ] s
» —h ou"-q ’: - o
rgb rgb rgb rgb rgb rgb rgb rgb rgb =
XY XY XY XY XY XYy XV XV XYV Parallel Processing

Shan He, @heshan_cheri



GPU Computing
GPUIZE

Map Prolectlon ERIEE — RERE @ —— B=E
&I &2 [Latitude, Longitude] £f(p, V) [X,V]

Shan He, @heshan_cheri
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https://www.mapbox.com/about/maps/
http://www.openstreetmap.org/about/
https://www.mapbox.com/map-feedback/#/-74.5/40/10

CPU GPU

(points, viewport) => [ ] Project (points, viewport) => | ]
(lat, 1lng) => [x, V] (lat, 1lng) => [x, V]
(lat, 1lng) => [x%, V] (lat, 1lng) => [x%, V]
(lat, 1ng) => [%, V] points (lat, 1ng) => [%, V]
on every zoom, pan,
(lat, 1lng) => [%, V] window resize (lat, 1lng) => [%, V]
(lat, 1ng) => [x, V] (lat, 1lng) => [x, V]
(lat, 1ng) => [x, V] (lat, 1ng) => [x, V]
(lat, 1ng) => [x, V] (lat, 1ng) => [x, V]
(lat, 1lng) => [x, V] (lat, 1lng) => [x, V]

Shan He, @heshan_cheri



CPU GPU

Javascript GLSL Shaders

const screenxy = uniform mat4 viewport,

([lat, lngl, viewport): attribute vec4 instancePosition;

void main() {

gl _Position = project(
instancePositions,
viewport

) ;

}

Shan He, @heshan_cheri



GPU Computing
GPUIZE

Data Filtering
%&%Eﬂi:m

Interaction Event
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P
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><\
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HNIEERNMNE — =& EMousest EA — 547
[Latitude, Longitude] f (p,mouse) true ? default : 0.0

Shan He, @heshan_cheri



GLSL Shaders

uniform vec2 mousePos;

uniform float strokeWidth;
uniform float brushRadius;
attribute vec4 instancePosition:

float isPointInRange(vec2 latlng, vec2 mousePos, float brushRadius) {
return float(distance(latlng, mousePos) <= brushRadius);

}

void main() {

float isInBrush = isPointInRange(instancePositions.xy, brushSource);
float width = mix(0.0, strokeWidth, isInBrush):

vecd4d position = project(instancePositions, viewport);
gl _Position = position + vec4(width, 0.0, 0.0);

Shan He, @heshan_cheri



Redux-Connected Component
Redux-connected 2814

Kepler.gl is a redux-connected component

Shan He, @heshan_cheri



Import Kepler.gl Into other Apps
Fkepler.gla \ZIE thATImHEEIER {4+

Other Map Apps

Kepler.gl

|

Hexagon Layer

» ’-.'..4" '-"":':'ar‘
Data Layer - - - )
- L > Arc Laver
[ [ - - D
he— | I | ~— ) )
‘ —>
]
Filer

Point Layer

*
—_—
Interaction
Path Layer
Gricl Layer

Shan He, @heshan_cheri



Kepler.gl is a redux-connected component
kepler.gl— redux-connected IR {4

kepler.gl Map App
Component KeplerGl —> Component
Reducer KeplerGlReducer —> Reducer

Shan He, @heshan_cheri



Mount kepler.gl
0% kepler.gl 214

import React from 'react';

import {combineReducers} from 'redux'; .
P { * “ ; o import KeplerGl from 'kepler.gl';

import keplerGLReducer from ‘kepler.gl/reducers’';

export default combineReducers ({ const Map = props => (
<KeplerGl
// mount keplerGl reducer 1q="f00"
keplerGl: keplerGLReducer, width={width}
height={height}
// other reducer mapboxAccessToken={token}
}) />
) ;
reducer component

UBER
Shan He, @heshan_cheri



http://kepler.gl

Mount Multiple kepler.gl Components

& Z 1 kepler.gl 14

const Map2 = props => (

<div>

<KeplerGl
1d="fo0"
key="“fo0"

/>

<KeplerGl
1d="“bar”
key="“bar”

/>
</div>

) ;

Component
Z kepler.gl 414

Shan He, @heshan_cheri

forwardi

forwardi

For

o(‘foo’, dispatch)
>

fo(‘bar’, dispatch)
>

ward Dispatch

JJKIEDispatch

state = {

keplerGl: {

foo: {..},

bar: {..},
}

Reducer




return (state = initialCoreState, action) => {

// update child states

Object.keys(state).forEach(id => {
const updateltemState = coreReducer(statel[id], actionFor(id, action));
state = updateProperty(state, id, updateItemState);

1) ;

// perform additional state reducing (e.g. switch action.type etc...)
return handleActions(

{
REGISTER_ENTRY]: handleRegisterEntry,
DELETE_ENTRY]: handleDeleteEntry,
'RENAME_ENTRY] : handleRenameEntry

}

initialCoreState

) (state, action);

&

Shan He, @heshan_cheri



Other Techniques

Component Dependency Injection

HIFMREHEN

Local Selector
BERIxEZS

Shan He, @heshan_cheri

My Map Popover

Map Control

Map Container

Panel Header

KeplerGl

Side Panel

Layer Panel

Bottom Widget

Filter Panel

Modals

Load Data

/
—
<

Export Map

UBER



ummarize

. L
“__.-- e, yanmnn -.....
- L] . ® L]
. v, . .
. . . .,
. . .
. . . ]
. . .
. . . .
. ‘e «* ‘e
o* . . .
- . . .
- . - .
* . . .
. - - .
- - - .
- - * -
- LR .
- - -
. R .
. . . .
. . . .
. 3 . .
. . . .

. . . .

. . . .

- - . .
« . . .
- « . .
. . .
.

Layer Legend

. LA ]
. R
. .
. «* '.. . N «* ... -
. «* ., . . P ., - >
. . | L
. . . . . . TR
. . )
. . *, s . . .. . o elevation
* “ . . L4 . s 3
. . AR . . . .
. . AR . . ¢ .
. * AP * A
- - * ®
. . d
» * * *
& 0, ¢ .
MY e o . S
M . . ::0 . ‘.
. . . . .
. . . RS . .
» . * . . o * .
. . contour.gec
. ., . . PR . . & sf_contour.gec
- LN o* - . LN P .
5 .. «* o * S . *
. ., . . . ., .* .
L o * . \d T * \d
" . ., P
o " . L . L P .
""" s g gwmuwsn® ""aaggagnns"”
L] L] . .
Ll o - -
L] L] - L
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . . _gcojson
. . . .
. . . .
. . . .
. . . .
. . . .
- - - L]
. . . ~ o — .
- - L L]
N | |
- » . — .
. . . _a. .
. — . . _- -
. . L ~ -
L] int alevaticn

*
* *
M quan:ile

Data Visualization Team, Uber

High Pracision Randaring




About Us
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