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How does GPS work: Solving for Position




How does Real Time Kinematic GPS work?
Real Time Kinematic

U

1) DiFferenhal
2) Camer - PhaSe
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Sources of Error: Measurement Precision
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High Precision GNSS Required for L3+ Autonomy

swift
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Use Examples

Driver Engagement
Driver Reaction
Non-driving Tasks
GNSS

Accuracy

Level 0

Lane Keeping
Warning

Level |

Lane Keeping
Assistance

Control
< 1 Second
Not Permitted
Standard

Street Level

Level 2 Level
Limited Limited Limited Fully
Condition Condition Condition Autonomous
Assistance Co-Pilot Autonomy
Active Selective Not Required
Seconds Minutes
Some Allowed Permitted
Lane Level
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The need for higher accuracy swift
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6'6" (2.5m) 10

Normal GPS Accuracy - 2.5m 10’ Autonomous driving will require

Error exceeds 3’ lane clearance dangerous error rate of <10 per hour

i i i 9 slide16 | Swift Navigati
70% of the time® This necessitates 14cm 10 accuracy e | o hvigation



GNSS

Inertial

Core Sensor Suite
Level 3+ Autonomy

Only sensor that
outputs absolute:
e Position

e Velocity

e Time




Inclement Weather
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Challenges: Multipath

K

&

Rover

EX)

|

5 B
g i |

NNNNNNNNNN



Challenges: Multipath

Hmm, |

probably
shouldn’t trust
Satellite 15.

Satellite
15

Solution:

Ray
Tracing
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Challenges: Spoofing

Satellite
2
Solution:

[ \ Pseudolite Collaboration
a a (Satellite 11)
m a Hey, did you see

this crazy

number from

m m' Satellite 11?




Conclusion

Location
centimeter
Time - > Map
:}‘;{\% ) | .
nanoseconds centimeter
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Conclusion

Location
centimeter

7N

Time - > Map
nanoseconds centimeter




Thank you

Rob Hranac
Business Development

rob@swiftnav.com




WHERE WE STAND

The power of cartography in an age of big data

Andreas Viglakis
Cartography @ Mapbox
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TOTAL TREE PRESENCE

all types of trees 5

http://www.radicalcartography.net - Bill Rankin - Trees Trees Trees
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similarity of major tree speices
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POP vs SODA

no data - other pap coke
CC-BY: Alan McConchis, PopVsSoda.com

Cyang Magenka/ Yol low ] Red!Grecn Bl Black ard White

show all oop soda coke other

http:/www.popvssoda.com - Alan McConchie




POP vs SODA

pop
CC-BY: Alan McConchie, PopVsSoda.com

Cyang Magenka/ Yol low ] Red!Grecn Bl Black ard White

show all oop soda coke other

http:/www.popvssoda.com - Alan McConchie




POP vs SODA

soda
CC-8Y: Alan McConchis, PopVsSoda.com

Cyang Magenka/ Yol low ] Red!Grecn Bl Black ard White

show all oop soda coke other

http:/www.popvssoda.com - Alan McConchie
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CC-BY: Alan McConchie, PopVsSoda.com

Cyang Magenka/ Yol low ] Red!Grecn Bl Black ard White

show all oop soda coke other

http:/www.popvssoda.com - Alan McConchie




Up Close on Baseball's Borders

By TOM GIRATIHANON, JOSH HATL, DAVID LEONHARDT and KEVIN QUEALY AFRI 24, 2014

Tigers

S IndianE P hillies
‘ Reds

Piress Uyl
Cardinals
™ i
-‘i P b

F

Glants_ _ Cubs

Rockies

Diznundizeies

Rangers

:".i]ﬁlins:

Steve Rushin of Sports THustrated has called the line running through Connecticut
that separates Yankee fans and Red Sox fans the Munson-Nixon line. Mr. Rushin
came up with the name — in honor of the late Yankee catcher Thurman Munson and
the retired Red Sox right fielder Trot Nixon — in 2003, and he had to guess where
the line ran: “north of New Haven but south of Hartford, ranning the breadth of
central Connecticut.”

http:/www.nytimes.com/interactive/2014/04/23/upshot/24-upshot-baseball.html




New York Yankees vs. Boston Red Sox
Munson-Nixon Redux

(

Fenway Park.

Red Sox

B VIEW INTERACTIVE [§

We begin with a new take on the Munson-Nixon line, which differs from some
previous interpretations in that it shows that Hartford has declared for the Yankees.
It’s still a border town, but it's a border town the way El Paso is — clearly on the
Yankee side. One tidbit: Red Sox Nation seems to have conquered some new
territory since 2012, when Ben Blatt tried to draw such a line. (Winning a World
Series will do that.) We also encourage you to read our colleague John Branch's
attemnpt at drawing the line in 2006, which is quite impressive and accurate given his
shoe-leather means.

http:/www.nytimes.com/interactive/2014/04/23/upshot/24-upshot-baseball.html




Oh, Ohio
On to Columbus

Comerica Park &

Tigers

Progressive Field

’ Indians

T e o= = =]
L i =

Reds

Great American Ball Park

- !'--q.,
i-

"W VIEW INTERACTIVE

Few states give their fans as many options as Ohio does. A fair-weather fan in the
central part of the state could claim allegiance to several teams within a day’s drive:
not just the Reds and the Indians but the Cubs, the White Sox, the Pirates, the Tigers
or even the Cardinals. But most Ohioans stay loyal to the home-state teams, and the
border is right where you'd guess. It runs straight though Columbus, Ohio’s capital
and largest city, in the middle of the state. One small exception to the Reds’ and
Indians’ dominance: The longtime presence of the Tigers’ top minor league team in
Toledo — the Mud Hens, the favorite team of Corporal Klinger from the television
show "M#*A*S*H" — has helped the Tigers claim some territory in northern Ohio.

http:/www.nytimes.com/interactive/2014/04/23/upshot/24-upshot-baseball.html
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‘Duck Dynasty’ vs. ‘'Modern Family’:
50 Maps of the U.S. Cultural Divide

By JOSH KATZ DEC. 27. 201C

Arcricans havc bcen clustering themsclves nto c.itural butblcs just 2s they
have clustered In polltical bucbles. Thelr TV preferences ccnfirm that,

If you had tu guess how strongly a place supported Donald J. Trump in
the election, would you rather know how popular ‘Duck Dynasty’ is
there, or how George W. Bush did there in 20007 It turns out the
relationship with the TV show is stronger.

That's how closely conneered polities and enlture can he.

The cultura! divide largely fa!ls along urban/rural lines. We saw a
similar divide in November, with Hillary Clinton winning in cities,

http:/www.nytimes.com/interactive/2016/12/26/upshot/duck-dynasty-vs-modern-family-television-maps.html




20. It’s Always Sunny in Philadelphia

«— LESS POPULAR MORE POPULAR —
. P : MOST SIMILAR LEAST SIMILAR
Danny DeVito is one of the gang in “It's Always Sunny in ——— Teen Morm
Philadelphia,” an oddball and satirical sitcom set in South Modern Family 16 and Pregnant
Philadelphia. It’s generally more popular in college towns Saturday Night Live Duck Dynasty

(and most popular in Philadelphia).

http:/www.nytimes.com/interactive/2016/12/26/upshot/duck-dynasty-vs-modern-family-television-maps.html




29. Keeping Up With the Kardashians

Pine Ridge, an Oglala Lakota
Indian Reservation

«— LESS POPULAR MORE POPULAR —
“Keeping Up with the Kardashians” on the E! cable network ;::;:'"MR g: SIMILAR
follows the Kardashian-Jenner family. It has been keeping Love & Hip Hop Pawn Stars
up with Kim, Khloe, Kourtney and the others since 2007. 106 & Park NCIS

The show tends to be most popular in areas with large
Hispanic populations, particularly in the Southwest.

http:/www.nytimes.com/interactive/2016/12/26/upshot/duck-dynasty-vs-modern-family-television-maps.html




30. Scandal

[V N Sm— — —

« LESS POPULAR MORE POPULAR —
“Scandal,” produced by Shonda Rhimes, who also produced MOST SIMILAR LEAST SIMILAR
Real Housewives of Supernatural
“Grey’s Anatomy,” displays the classic pattern of a show Atlanta Rob Dyrdex's Fantasy
popular with a black audience. The show follows the story i:‘: ;epa Y :T:::gmne&

of Olivia Pope, a crisis manager and independent
consultant in Washington, D.C.

http:/www.nytimes.com/interactive/2016/12/26/upshot/duck-dynasty-vs-modern-family-television-maps.html




The Two Americas of 2016

U IIM WALLACL U, 16, 2006

Por many Amerncans, it feels axs if the 2016 election split the
country in two.

To visualize this, we took the election results and created two

new imaginary nations by slicing the country along the sharp
divide between Republivan and Democrshe Ameariess.

Clinton’s America
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http:/www.nytimes.com/interactive/2016/11/16/us/politics/the-two-americas-of-2016.html




The Two Americas of 2016

U IIM WALLACL U, 16, 2006

Por many Amerncans, it feels axs if the 2016 election split the
country in two.

To visualize this, we took the election results and created two
new imaginary nations by skicing the country along the sharp

divide hetween Republican and Demoershe Americas.
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ABOUT US

Mapbox is a mapping platform for developers. Our building blocks make it easy to
integrate location into any mobile or online application. We want to change the
way people move around cities and understand our planet.

From finding a coffee spot on Foursguare, to pinning a vacation spot on Pinterest, to geo-tagging
notes in Evernote - we do the geo stuff so developers can focus on building their app. Mapbox is the
foundation for other platforms, letting enterprises analyze their data, drone companies publish
flyovers, real estate sites visualize properties, satellite companies process cloud-free imagery, and
insurance companies track assets.,

Mapbox is an open source company. We build our product with open source parts, work in the open,
and release as much code as possible - it's the right thing for people, technology, and business.
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MAPBOX TELEMETRY

Mapbox SDKs collect anonymous data about the map and device location to

continuously update and improve your maps.
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Mapbox Streets data

The best underlying street and place
data is updated every minute across aur
entire platform,

Layers
landuse waterway
. water aeroway

barrier_line " | building
| landuse_overlay.  tunnel
road " bridge
admin country_label_..

country_label -marine_label

. state_label place_label
water_label - poi_label

_ road_label waterway_|abel

- housenum_la...

Mapbox Streets documentation =

Map data @ OpenStreetMap

I
!
A

o W5 [ ":..f‘e ;f '

.

t‘**f’ = «“M 91' t h#Jih n‘zm RS

"*-_.-'_.- / . i ".l ‘ F
';;5_;4:&__:1 o
_,--.\_ . _'i-"“' H - .

-nr W a:}z"*m‘!?‘]ﬂp in fien&%& c."IfE
Ezzzn LY fof EsSey Street Ma /

': -' -\J"' -:I ) '.!I |'“'" o "' : '-‘."'
Z
b ~menonalll'sly ;q:s.i, ;H [Eq.‘%ettle
- Ay e, T e Backﬂnﬁm

"i-";*'w
i
1. ﬁ L l,

.ll'l'.. T ] : . I _.\.'
~F T a@ise Utica Saratega Sprifigs
! ' | I fi ,
g s N New York, 5% “Lf : ]T“ L.lu
# L] 1_ - .Il'
lthaca .I"}J | fl"i_l-,.

Ly

T J-"""'-...;-""-'-. _.,I:.-._
“Elmi@inghamtoh
L
N,

""" o
j.ﬁﬂJ -"Ir

E
ege

. ::; r 1“'.-. ' *l. L ] i = .
NS Citl Efﬂ{e - q.mt St & Grand'st "




Directions

Instantly find the best route to your destination, avoid traffic and navigate turn-by-turn
with natural voice and text instructions.

o — — R— —

Fast global turn-by-turn routing -- -0

4
A
Designed to avoid traffic on everyday routes Rt -0 '

Advanced lane guidance for complex - ---0
interchanges

Online and offline capable - - -0

Fully customizable to fleet characteristics ----0
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MAPBOX CITIES .

We're working with three cities that are ready to take on their
most pressing issues through data.
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A smarter city: partnering with Melbourne to solve complex
urban challenges

By m Christina Franken on January 13 2017 @ nNEws

Melbourne is changing the way cities are run. Australia's fastest growing city’s Smart City Office has a
clear vision: to enhance the aspects of our city thot make us uniquely Mefbourne, and intelligently prepare
for the changing needs of the community, the environment, and the economy, That's exactly the kind of
innovative thinking we launched Mapbox Cities to help support, and we're very excited to announce

Melbourne as aur first featured partner,

https:/www.mapbox.com/blog/mapbox-cities-melbourne/
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Qur vision for Melbourne as a smart city is simple: to enhance the aspects of our city that make us uniquely

Melbourne, and intelligently prepare for the changing needs of the community, the environment and the

economy.

We're not in the business of rolling out technology's latest bells and whistles for the sake of it. Instead, we're working with the community
(residents, workers, businesses, students and visitors) to design, develop and test the best ways for yvou to live, work and play in Melbourne. In
many cases, innovations in technology will have a role to play in creating and enhancing these experieances.

A= a smart city, we're already off and running. We're prototyping tailor-made initiatives such as our work with people who are blind, deaf or
deaf-blind to better understand how they navigate through the city. As a result of this research, we've partnered with Vision Australia to trial
beacon technelogy in Campbell Arcade, which transmits lecation-specific information to phones. And cur Open Data platform has almost 100
unique data sets that are available for anyone to access and use, such as our 24-hour pedestrian counting system, which helps us understand

http://www.melbourne.vic.gov.au/about-melbourne/melbourne-profile/smart-city/Pages/smart-city.aspx







SPUR

Ideas + Action for a Better City
learn more at SPUR.org

tweet about this event:
@SPUR_Urbanist
#FutureOfLocationing



