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Analyzing Public Transit Data
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? +  loT: The Internet of Things
' 1oMT: The Intérnet of Moving Things = .
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loT .
] How TriMet Collects Data:

"Real-Time and Daily

Sensors CEL(AEY Computer

Most of the data is
stored on a computer
located in the bus and
uploaded once per day

B Some data is transmitted
from the buses in real
time via a radio or cellular |#==
connection '

Time, Location, Delay
Acceleration, Speed
Breaking, Lane Changes
Passenger Counts
Engine Diagnostics
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loT 3
! IoMT Isn’t Blg Data, It’s Data

) 4 A
e
) e
TriMet Example - One Month of Data
. . " 700 buses e ® 200 values per bus

" 145 light rail e " Measured every five seconds
" 300,000 weekday trips e " Stored in 30,000 daily log files
B 100 million trips/year " Comprising 250 million records
" 400,000 daily stops " Containing 50 billion values
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loT :

! |oMT Isn’t Big Data, It’s Data
, v
Vehicle Movement Data _—
= 60 MPH = 1 mile/minute = 27 meters/second
" For <1 meter movement resolution, you need 50 measurements/second .
= Now TriMet’s one-month bus movement database is 60 Billion Records h"
‘n

= 1 Month of TriMet Bus Data = 1TB in DB4loT

" That is for only 845 vehicles
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! ‘The Solution: Make Big Data Small

Data Footprint Size

Moonshadow’s DB4loT
Oracle

SQL Server

MySQL

PostgreSQL

Hbase 0.94

Cassandra
MongoDB
Druid

-

Data Row Overhead Size

___ 1M Moonshadow’s DB4loT
MySQL

MongoDB

SQL Server

e Hbase 0.94

Druid

Cassandra




loT s
il'he Solution: Make Big Data Fast & Easy

High data ingestion rate 100k updates/second/server

\

Super efficient data storage <1 byte/value .
High speed searches 200M records/cpu/second E
Software as a Service Requires no Hardware Purchases : .
Software as a Service Requires no Technical Staff = et S
Instant maps Map 200M records 10x per second é §
Easy Integration Does not replace existing systems E é-
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{ Stormg, Retrlevmg and Analyzing Data

ReaI-Time ITS Fleet Modellmg Mobile App " ”
Vehicle Data Da|Iy Log Files Data Data :
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.
Examples: |
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: How Internet of Moving Things
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loT ]
Vehicle Speed Data: Every Dot IS @ Bus Recording

Counts

Total:

ViewPort: 3 ™ /

llllllﬁdu

SN (
‘l’.l. i IJ.I.:‘

K | g } [P -

AR N

o‘ R ‘1“"‘ -

Il 7k

LI

¥

¢! Sync Maps Live Mode _
ARETEA T T TEREN 23 : ' T : - (o T : adow, Esri, HE orme yIndia, ¢ p contributors, and the
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Data Source: TriMet. L= m- -
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loT .

Conclusions from the Vehicle Speed Data

Counts

Total: 59896 232
ViewPort: 431077
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Buses stop quickly and
: S’ N i NS | = accelerate slowly. As a
‘\35\‘\\\“3\\\-.\\ . 4 _:; ! ] e ok | - . G L e R e s A result service stops show

=iz T a “red tail”
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Buses are slow when
moving into the left lane
before the bridge
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Low AM
peak traffic
Buses are slowed down
when turning onto SE Grant
to get into the right lane
for the next service stop
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Comparing Time Periods
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Month on Weekdays

interpolated delay by speed

- B Weekdays .

interpolated_d

' Delays. for One

Time range 03/28/2017 C

,_ "he Graph
ishows delays
KN :

over time.
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TriMet Speed

Size: 24 99
¢ Sync Maps

Data Source: TriMet
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'Comparing Speed and Delay over Time

Time range: 03/26/2017 05:54:1

Columns:

. nlate ol ” -
'TTE"'OthaL“:j ge y_uUY \[ a8

speed

dela R "‘, =

interpolated _

Data Source: TriMet
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' Route Delay by Route Distance

®05/31/2017 03:15:00 - 07/09/2017 03:17:40

| Showmg the service delay on a time graph and a distance - e R
wessassied  graph glves detalled information about the serviceonaroute. |5 © .
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TriMet 07182017 - 5
Size: 51.58 GB

Data Source: TriMet
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Passehger Count by Time of Day and Route Distance

— = . TriMet
- . * Route 4
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__Distance along route >>>>
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Data Source: TriMet
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-y Distance along route >>>>
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Data Source: TriMet. RSP
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! +Bus Delay Versus Passenger Count

Analytics Line Chart

Columns
Y Axis delay

Avie ~ et ~t - -
X Axis estimated loac
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These images show how Delay increases as the
Estimated Load (number of passengers) increases.
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Dot T — w=Routenumber.15 Eastbound by Estimated Load
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! + Passenger Boarding and Alighting

Analytics Line Chart

Columns

X Axis

View Port filter

- ’ : Analytics Line Chart
. »

IR o
o Y Axis estimated_load

Columns

X Axis patter

r. e, View Port filter
'

Ak

estimated load

Data Source: TriMet

- Routenumber 15 Eastbound Morning Peak
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! Cellular Connectivity over One Month

®08/02/2016 125353:15 - 09/01/2016" 23:235:15 Counts

Total: 1
ViewPort: 1

' P :
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Legend:
cellular_strength
[-40

01 - 09/04/2016 00:00:01 S ———————————

Data Source: TriMet
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' ellular Connectivity: Bad Areas

®08/02/2016 12%53:15 - 09/01/2016" 23:235:15 Counts

Total: 1
ViewPort: 1
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Legend:
cellular_strength
=40

01-09/042016 00:00:01 | (N

Data Source: TriMet
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Comparing Connectivity with Geography

i

+| M®rshagew - g Sl . '©08/03/2016 13:11:38 - 09/02/2016 28:41:38 Comts
= DB4IOT F ;| _ | Total: 12,661,659 .

ViewPort: 1,331,094
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V Time range03/04/2016 00:45:26 - 09/04/2016 00:00:01

Columns -
i cellular_strength ’ = s @

ath

cellular_stren

08/21/16

-
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cellular_strength
=10 i

TriMet Connectivity

Size:£4 25 GB

Leaflet | © Moonshadow, Esri, HERE, DeLorme, Mapmylindia, © OpenStreetMap contributors, and the GIS user community | Nominatim

Data Source: TriMet : .
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g » loMT Data is Data
.
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Leve‘ragmg loMT Data
Prowdes Insights, reaﬁthroughs and
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4 » Thank You
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