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Overview

01

Data Sources:

Telecom, Smartphone
Applications and Vehicles

02

Applications:

Visits, Flows, Operational
Analysis, Visualization
and Dashboards

03

Management:

Data Acquisition, Tools,
Skills, Governance
Storage, Security, Access




Workshop Sessions
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- Telecom - Data Schema - Visits
- Smartphone - Resources - Trips
- Vehicles - Management - Routes

- Flows
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Telecom

DELE
Smartphone Product &

Transformed

Applications Platforms

Vehicles




Lat,Long

EA;))

Telecom

* Location Estimation (coarse) a
* Call/Text Signal Transmission

* Carrier sample (wide coverage )

* Diverse and Persistent sample e Value :

* Regional planning
* External studies

Lat, Long * Long distance travel analysis

 Trade Offs:

* Rural coverage (function of towers)
* Geographic bias (carrier cost/choice)
* Could see change with 5G




Telecom Data : TyplcalSchema EA?

* Typical Schema

Location

Timestamp

Device ID

Message Type : Call, Text/SMS etc.

e Characteristics

Persistence in pings and devices
Wider coverage
Coarser location resolution

 Use Type

Better represents large zone travel
Regional and Long-Distance Flows
External Analysis

Anonymized/hashed phone
and subscriber id

Time Stamp and cell tower
location for mobility analysis
by subscriber --=>
yields activity locations,
estimated home/work by
night/daytime locations

Internal Regional Flows (Resident | Visitor Segments)

L

"equip hash": "l46dabee-0d43-4fdf-8a04-85b02fd704a3",
"sub hash": "d601f36e-353b-4266-8T7e4-6f4c2dT312e8",
"call start timestamp": "2023-03-24 13:08:23",

"call end timestamp": "2023-11-25 08:30:24",

"base station ca_;i:g_id": "B5ID4434™,

"hase_stat on calling latitude™: -3%.253004,

"base station calling longitude": 7.26131%5,
"actiwvity _t'pe": "DHS"

"cell service™: "3GM

"equip hash": "3b6eT7564-c35a-4lce-5150-cfacel5f8bLL3",
"subk hash": "c2bdél2c-5142-4b6f-581e-552c671de3cT",
"call start timestamp": "2023-10-13 03:03:34",
"call end timestamp": "2023-11-23 15:16:25",

"base station ca_;i:g_id": "BSIDE210™,

"base station calling latitude™: -£32.74216%,

"base station ca_Li:c _longitude™: -146.070534,
"actiwvity _t'pe": "ol ce"

"cell service™: "3GM

"equip hash": "3420cc8c-0a25-4458-594T7f-32ecBef27Ld4d",
"sub hash": "albéad26-4dcb-4T7bl-80cd-8bdlT7744cE44",
"call start timestamp": "2023-04-17 11:16:18",

"call end timestamp": "2023-12-14 10:06:24",
"hase_stat D"_ca_Li:g_id": "BSIDT4TE™,

"base station calling latitude™: 33.51&24g,

"base station ca_Li:c _longitude™: -£2.730307,
"actiwvity _t'pe": "DHS"

"cell service™: "2GM



Smartphone Applications

Application dependent (Weather, Games)
OS dependency (iOS & Android)
Location:

e Telecom, GPS or Wi-Fi

* App configuration dependent
Wi-Fl e Value :
Data Collected For : Advertising « Device persistence

POl Visits / Trip Ends/ Generation
 Selectregional travel patterns

e Trade Offs:

* App Dependent Sample
 Lack of persistent pings
e Variable Location accuracy °




Smartphone Applications: TypicalSchema(Zg o

* Typical Schema
* Location
* Timestamp
* Advertising ID

e Characteristics
* Device Persistence
* App activation dependent pings

Anonymized Advertising Id
and Phone Operating System

If location estimated using
Wi-Fi (there could be an IP)

* Specific coverage — use areas such as malls etc.
* Location Resolution depends on : Telecom, Wi-Fi, GPS

 Use Type

* Betterrepresents visits to points of interests, stores
e Trip Generation, Visitor Analytics, Regional Travel

* External Analysis (Needs routing — no breadcrumbs)
* Internal Regional Flows (Resident | Visitor Segments)

"adv_hash did": "Eb2e3elf-3cS5l-4el3-8afl-c3foe8L78e3L",
"oz type™: "i05",

"device ping timestamp": "2023-03-14 12:34:56",
"device ping latitude": 27.7745%,
"device ping longitude™: -122.4154,
"device ip address": "152.168.1.1",

"location accuracy™: 1

"adv hash did": "8f42eZb7-5a54-4b3d-85d5-0b7e5f4b63bE",
"oz type": "Android",

"device ping timestamp": "2023-07-22 15:45:307,
"device ping latitude™: 40.71Z25,
"device ping longitude™: -74.00&0,

"device ip address": "10.0.0.1",

"location accuracy": 2

"adv hash did": "3clad4ce9-5fT72-4aZe-b8f1-TaSed4bsSaldie™,
"oz type™: "i0S5S™,

"device ping timestamp": "2023-11-01 08:12:45",
"device ping latitude™: 34.03522,
"device ping longitude™: -115.2437,

"device ip address": nmll,

[ "location accuracy™: 15,3

]

Location accuracy could vary based on estimation
technology (Tower, Wi-Fi, GPS and its availability)
and is also dependent on App design



Vehicles

* Mobility Data (GPS Enabled)
 Waypoints
* Trips
* Trajectories

* Vehicle Behavior (Not all is available)

* Hard braking
 Acceleration

* Data Collected For: Telemetry

GPS

Value :
* Relatively High Location Accuracy
* Traffic Operations Analysis
* Trip Persistence

Trade Offs:
 Lack of Device persistence (planning)
* Trip End Definition (On/Off) - Linking
* Vehicle Type Bias (OEM) 10



Fleet Vehicles: Typical Data Schema s§

"trip d”: "feg2T4cl-f94e-46ea-9T7b3-cSe45adb4acs™,
"dewi ce_ i d"™: "DEV2S5"™
° TyplcalSchema :iof‘i;;?e:,_d”. "BROV00T",
Trip ID, Provider ID, Device ID (may or may not be persistent) S
« Timestamp e iemmerages o ailo)
* Location Latitude, Longitude "end_latitude": 32.755458,

+ Vehicle Weight Class (1: < 14K lbs., 2 : 14k-26K lbs., 3: > 26k lbs.) * | mremas awers
"driving profile”

* Provider Driving Profile (Consumer, Taxi, Delivery/Service, Fleet) « r-prp;eTsa-;:;eTt;.p_er-!';,
* Probe Source Type (1- Embedded GPS or 2-Mobile Device) « ,, TTmEmses

"trip_ id": "030702dc-daec-4df4-bf%a-140cc2Td584L",
HPRL "device_ id": "DEV46&6",
* Characteristics “prcvides 1d": "EROVOL0W,

"mode™: S,

* Location is obfuscated (still better than cell phone location) nstart date": "3023-07-12T13:38:46",
Additional attributes, predominately represents commercial travel Lna_garet: T2023708-15106:06:23%,

"start_latitude": -35.143501,

Not all devices have persistent ID across trips or over days ::E;f_tg;?t%d';fe”' S
Includes trajectories (route data) "end_longitude": 122.747675,
"provider type": 1,

"driving profile”: Z,

"proke_ source type": 1,

° Use Type , "wvehicle weight class": 2
* External travel analysis G i . s
"trip id": "ddbce643-4b0b-497f-ac5f-4b2T7ac258389",
* Upcoming applications to understand internal commercial travel "device_id": "DEVITEM,

"provider id": "PROVOlO",

* Truck parking and operational analysis (congestion) O e tarieiesiee
star ate™: "2023-03-02 144:36",
"e:d_dgte": "2023-059-06T09:03:5&",
"start latitude": -32.08314L,
"start longitude™: 52.33337¢,
"end latitude™: 50.5&85306,
"end longitude™: 175.105253,
"provider type": 1,
"driving profile™: 3
"probe_source type": 2, 11
"wvehicle weight class™: =




Connected Car Vehicles: Typical Schema «

"data_record id": "1fbbée3b-44le-4bBY9-82cl-Oe3bS%ale345c”,
"trip journey id": "a4dleT7f4-5a3d-4d8kb-%lal-3eScéedcBd2b",
"vehicle type": "sedan”,

"vehicle fuel": "gas",

° T M lS h "vehicle year™: "2021"
yplca C ema "record timestamp™: "2&123—06—15 12:45:30",

* Trip | Journey (depends on ignition status) - < o emmeraens e

* No persistence (cannot consolidate trips by vehicle) e me s e,

* Vehicle type, fuel, events (operational applications) S
"event type": "seat belt”

® Cha ra CterIStICS "data_record id": "ZeSbScTEé-5ad4e-4%al-8212-2cBeTbidBeZa”,

"trip Jjourney id": "b2cd4dée3-&fdb-4eT7d-52bl-4f8d7e5cBd3c",

* Trips and Trajectories myenicle type": "suv",
. "vehicle fuel": "diesel",
* OEM dependent (biased towards a brand/newer cars) "vehicle year": "2018",
. . . "record timestamp": "2023-07-22 15:50:4:5",

* Persistent location and best resolution "record_latitude": 40.71277¢
"record longitude™: -74.005974,
”IECDId:SpEEd”: 55.0,
"record heading": "EV,

* Use Type revens T ans mememnaten,
* Better represents trajectories , T e e
° Operation analySiS (Safety, QueUing, Intersection USG) { "data_record id": "3fsb8el2-Tc4d-48bl-9312-3e7f9e6bsd2c",
. o . "trip journey id": "c3d5e3f7-Tf5b-4d9%c-93b2-5f9d8e6cBd4ed",

* Planning (explored for non-commercial trip table) nyenicle type": "pick-up",
"wehicle fuel": "hybrid®,
"::g;EQiEiEZ;témpi:iizézs—oa—so 10:15:20",
"record latitude": 51.507351,
"record longitude": -0.127733,
"record speed": 45.2,
"record heading™: "5",
”:eco:d_ig:itian status™: "on",
"event Eype id”:_"eventTES",
”eve:t:typeﬁ: "hbraking™ 12

}



Location Estimation Technologies

()
A * Phone Based: Legacy Source, Larger Sample and Wider Coverage, Low Resolution
Location Estimate, Regional Applications — 4G/LTE.....5G (finer resolution in the future ?)

<(( ‘ ))> * Smartphone Application: Current Source, Variable Sample - highly dependent on app,
CEXXD) High Location Resolution, Lacks persistence to consistently identify trips, Local Site

Visits/Trip Ends

& * Vehicle Based: Persistent and High-Resolution Sample, Link Level/Operational
Applications, Specific to Vehicles. Roadway Traffic Operational Analysis

m Cellular Phones Smartphone Applications

Telecom
Wi-Fi X
GPS X X




Trivia 1

- Which source has the largest sample size in terms of representing passenger travel
- Telecom - widest subscriber bases (carrier dependent bias - red vs. yellow vs. purple)

- Which source is more conducive to representing trip ends / attractions to point of interest
- Smartphone Applications — influenced by geofencing — ad targeting function (app dependent)

- Which source is most conducive to representing travel paths/breadcrumbs
- Vehicles - representing passenger from vehicle (connected car) and/or commercial fleet data (OEM)

- Does any source provide true activity location
- No - All are estimated based on derived location and stay point estimation procedures & algorithms

14



Data Products



Data Products

* Raw (Sample) :
* Delivered as is, with obfuscation : GPS trips, trajectories, waypoints, LBS logs
* Requires in house storage solutions, staff, and big data skills
* Custom analysis, integration and visualization

* Transformed :
* Delivered as aggregated scaled product : trip tables, visits for points of interest
* Requires specification for study area, period etc.
* Inputs for in house downstream analysis, resulting visualization etc.

e Modeled:

* Delivered as aggregated synthetic product : modeled - trips by purpose, mode etc.
* Accessible viavendor platform as standard product or customized
* Likely cannot be used for in house analysis, possible to produce corresponding visuals

16



Visits - Points of Interest Products

[

. . {
® Typ I Cal Attrl b uteS "pmlacekey": "3e3ctfba-2dSe-4a3%:=-Skl2e—-6e3c4fbagkbie™,
. . . "business name": "Starbucks"™,
* Daily Visits by Polygon (custom ,place key, parcels) "business_lat": 37.774%,
. "business long™: -122.41%94,
® BUS|neSS Name, NAICS "Sta:t_daze_:a:‘.ge”: "2023-01-01",
. "end date range™: "2023-01-07T7,
« TOD, DOW, Home Geographies(Census) nyisits by day": 120,
"yigitor home kBlockgroups™: ["060750601001™, ™0&0T750601002™, ™0&07S50601003™],
"yizits E_ '.“.DEE blockgroups™: [320, S0, 407,
.. "median visit dwell time": 15.5,
e CharaCterlstICS _ "awell Time distributien”: [10, 20, 30, 40, 20]
* App activation dependent pings ¢
.. "placekey": "4deeTf7a-3f7e-4b%e-9d5e-TEfedSfTagcoe™,
* Specific coverage — use areas such as malls etc. "business_name": "McDonald's",
. . . "business lat™: 40.7123,
* Resolution dependent on : Telecom, Wi-Fi, GPS "business long": -74.0060,
"ztart date range™: "2023-02-017,
"end date_range": "2023-02-07",
"wvisgits by day": 200,
+ Applications e e s a ot M
» Visitation Analysis (Real Estate, Parks etc.) virets Time Tewetmeammns (o) ae, we, ae) oy
* Special (Game/Concerts) Events, Weather Events -
 Site Trip Generation (Special Generators) Moineas nement Wieimeren, AR
"business lat™: S1.5073EL,
"b:si:‘.ess_'_nzg": —-0.127758,
"sta:t_daze_:a:‘.ge”: n2023-03-01"™,
® Sou rce "end date_range": "2023-03-07",
"wvisgits by day": 300,
* Smartphone Applications (Primarily LBS data sources) [7isstor home blockgrouper: [VEG20347L, VEG2094TER, YEG203473',
"yizits by home klockgroups™: 100, 120, 3801,
"rr.edia::'-figit_dae'_'__time": 25.3,
"dwell time distributiomn™: [20, 30, 40, 30, 40]

17



[
{
"origin™: 12,

"destination™: 34,

Trips (Origin-Destination) Products =25
"day of week": "weekday",
S
g
e Typical Schema et
e Custom Defined Origin - Destination :jgz;};“j:";a;’_f‘f“;;;if"'
* Day of Week (Average | Total | Select Dates) "day_of_week": "weekend",
« Time of Day ( Daily | Peak | off-Peak) ST
‘{-.r ; ; -
etimettonns o,
. y) eme o s s my,
® CharaCterISthS "day of week": "custom",
 Standard or Custom Zone Structure (Work with Vendor) e T

* Available for pre-defined configuration (see Schema) mu v
1 1 234

* Could be sourced from Raw, Transformed or Modeled data morigin®: €7,
"destination™: 35,
"purpose™: "work®,
"time of day™: "am",
° Use Type 1 2 324 "da;-'_gf_;ee]-:": "weekday"™,
. . . "mode™: "transit™,
« Regional - External Analysis (To/From, Through Region) s 5 646 ntripami -
* Long Distance Travel Analysis : : 457 .
* Internal Regional Flows (Resident | Visitor Segments) N 1 435 e
"purpose™: ”nnn—w::ur]-:",
4 454 "time of day": "pm",
"day of week": "weekend"”,
"mode™: "auto",
"trips": 2%

N 3 234



Select Zone : Trips Product Derivative

* Product
 Raw : Observed Trips (Source dependent)
* Transformed: Adjusted Sample Observations
* Modeled Outputs: ~ Regional Model Results

. Tri

* Characteristics ﬂn
« Small Sample based on (day, period etc.) 2 234
* Transform/Modeled (adjusted to expansion — biases)

1

1
1 3 324
1 4 645
* Uses 1 5 45
* New Developments in zone (before/after, trends) cl6

e Cautious about biases (Sample Vs. Expanded Results)
* Check distribution with other sources (sanity checks) . 457

1 N 435

19



Select Link : Trips & Trajectories Derivative

* Product
* Raw : Observed Trips/Trajectories
* Transformed: Adjusted Sample Observations
* Modeled Outputs: ~ Regional Model Results (Agent)

e Characteristics

1 2
* |[f sample, could be small based on slicing (day, period etc.) _—
* Transformed /Modeled (adjusted or calibrated to regional controls)

12 24

1 7

* Uses
* Corridor analysis ( Auto, Truck, Transit Trips)
* Caution about biases (Sample Vs. Adjusted Results)
* Checkdistribution with other sources/counts 21 79

100 Trips —

20



Trivia 2

-  What type of data sources can support select link analysis ?
- Select link analysis can be produced from raw (sample trips/trajectories) or modeled data

- Which data sources provide information on resident/visitor and home location estimates ?
- Predominately LBS and Telecom based products with Device ID persistence makes it feasible

- Are travel purposes and modes reported in passive data imputed or observed ?
- Most data sources impute these attributes, least likely to be observed data

21



Applications : Part 1



Applications : A spatial perspective

Regional Flows

Region OD Flows Vehicle Cl
Purpose Ae IC Ie: -ass
Queus External Flows Su;co | Zrelg t
R(?ute Vehicle Class Select Lpnke
Trlp.Type Select Zone elect Lin
Queue Vehicle Class  ggioctink o
Congestion Select Zone ‘ State
Trip Type Select Link Region Visits | Trips |
Queue Vehicle Class‘ )
. . . : Trajectory
) Trip Type Corridor Visits | Trips |
Attractions Segment ;
Trips |
. Select Zone . : .
Generation Intersection Trajectories

Attractions
Zone

Site

e

Trajectories
Visits | Trips

23



Visits — Select Application

* Investigating:

e Special Events : Gameday | Concerts g

* Inclement Weather .
* Sources : LBS Data, Demographics ﬁpanment

of Transportation

* Sources
* Daily Visits to Business (LBS daily visits: SafeGraph)

» How to use/inferences to make /‘-‘i%’i%sg.’;ﬂ%m
* Regional shift in visitations
* Time to recovery
* Can be used in combination with trips/trajectories to changes in local travel

24



Select Zone/Polygon : Visits Application

Kyle Field, Bryan College Station : Alabama Vs Texas A&M (Oct 9, 2021)

Resident vs Non-Resident Travel

25
20
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_ 0.00, 0.10 g _E
= 0.10, 0.80 o 2
Kyle Field Houston B 080, 190 2 2
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Il 240, 1000 B Resident ® Non-Resident
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Work done as part of TXDOT - FY 23 Inter Agency Contract (IAC) evaluating potential applications and advances in using passive data
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Inclement Weather : URI 2021- Recovery

Average Visits
Visitation Storm Week Moo-Wed
Change = -
Average Visits
Week Prior Meo-Wed N et . . o ------
& o
£ |35 =
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Work done as part of TXDOT - FY 23 Inter Agency Contract (IAC) evaluating potential applications and advances in using passive data
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Sample Trips: Truck Parking

le Parking Sites  Other Resources

OLORADO

Prova. sty MapFeatures Statewide Overview

oxuaNoMA g Parking Events Summary A
ARKANSAS

distribution of parking ew

ries by month

0ss the parking duration

Parking events by Month, Parking Duration Category

o feion Texas Truck Parking Visualization Statewide Parking Sites  Other Resources

Interactive Legend ~ Filter by: MPO

Select a District

Parking Events by Day-of-Week

COAHUILA Parking Events by Month

Parking Duration:

® Less than 1 hour Select location: El Paso <

® 1103 hours

@ 3to 7 hours
710 11 hours Select site: El Paso County >

® Greater than 11 hours

Parking Areas:

Authorized Parking El Paso County Overview

Unauthorized Parking

Parking Events by Duration v
Truck Parking Events v Select a site

Torredn Truck Parking Events by Time-of-Day

Data Options:  VEMICLE e YEAR v MONTH v Map Options: GRORESOLUTION ~  OPACITY el

https://trkparkingtx.tti.tamu.edu/

Parking Events Summary PN

Table 1 - Unofficial Parking Rate Percent: This table provides a summary of the parking events for the
selected year and month by parking duration. This includes the unofficial parking rate, which is an
indicator of how much parking is occurring outside of the official parking spaces.

Table 2 - Average Daily Parking Usage: This table provides a summary of the average daily parking
usage, including an expansion factor.

Attribute : Non-moving trips
Data Sources: Trajectory, Waypoints

Utilization by Hour ~

These figures provide a summary of the parking events by hour for each month included in the data, one
for those parking events in authorized parking locations and one for those parking events in
unauthorized parking locations by parking duration (selection above the figures).

Utilization by Day v

a

= Jexas A&M

Transportation
exas - 2 7
Depariment Al |nstitute

of Transportation



https://trkparkingtx.tti.tamu.edu/

Sample Trips and Trajectories : Select Link

% of Trips

Range

Under 10 miles

10 to 25 miles
25 to 50 miles

Over 50 miles

Texas
Department
of Transportation

All (Total)

80.3

6.7 (87.0)

5.5 (92.5)

7.5 (100.0)

Truck (Total)

171

8.4 (25.5)

29.3 (54.8)

45.2 (100.0)
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- S (21)
50} Stonewall 00} P T {290} =
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BNCO 3s) Cedar Creek
|‘_"_i'| Round Tg¢
- Smithville
(304) (159)
<. Dal =
e 22 La Grange Fayette
Canyon Lake Lockhart
E: s )
Boermne Bulverde G E 25-50 miles
D @
© 123 Lulmg Waelder Flatonia= = eak.dacie oo IT'T.'
— G Top 100 All Vehicles
(1604)" — Ottine 7
7)) Helotes s 22 Seguin Truck Flows
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Cansnine
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Passing Risk : Behavior Analysis Using CV Data

D F e L AR R 8 S A 801 -'-'s’*'-"i'}. ;f ;"\ 60% started and ended 30% started in non-passing zone
A in a passing zone but ended in passing zone
4% started in passing zone 6% started and ended
but ended in non-passing zone in @ non-passing zone

e, a8 x i = ‘
@“Jﬂ» <*

.. ‘\7‘ % ‘a'r AL ‘

g T TR P _1

Two criteria for inclusion:
* Pass from WB to EB lane for minimum of 6 seconds (before returning to WB lane)

*  While passing, must increase speed a minimum of 6.21 mph (10km/h)

> we |

———————————

6 seconds 3 seconds

=t

= Jexas A&M 09
lezz*::em SPEEDI - Data Innovations Project - Melissa Finley, Michael Martin, Shawn Turner ¢ | Lrgg?g?ertatlon

of Transportation



Bike | Ped Example - Integrating Multiple Sources

* |Investigating: Latent Demand for Bike | Ped Trips

e Mixed Use Environments
e Potential for Conversion

) Safety ) Texas
* Demographics Department
of Transportation
e Sources

e Short Trips (GPS raw trips: INRIX)
* Daily Visits to Business (LBS daily visits: SafeGraph)
* Mode Split (Modeled trips: Replica)

/‘-‘_,'l_'exasAﬁn/i_
« How to use/inferences to make BN insiitiie
* Not all data and everywhere is good

* Use a mix of sources to get a relative measure
* Combined local knowledge and expertise with diverse data

Based on an ongoing project “Estimating Latent Bicyclist and Pedestrian Demand for Shared Use Path Design”, funded by the Texas 30
Department of Transportation (TxDOT) 0-7152. Principle Investigator: I[pek N. Sener (i-sener@tti.tamu.edu)
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Bike | Ped Example : Austin — Raw Short Trips

Bike|Ped Latent Demand sis
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I Texas Department of Transportation o Lfg;lifﬁﬁrﬂahm
Based on an ongoing project “Estimating Latent Bicyclist and Pedestrian Demand for Shared Use Path Design”, funded by the Texas 32

Department of Transportation (TxDOT) 0-7152. Principle Investigator: Ipek N. Sener (i-sener@tti.tamu.edu)
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Bike | Ped Example : Austin — LBS Visits

Bike|Ped Latent Demand Anal sis
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Based on an ongoing project “Estimating Latent Bicyclist and Pedestrian Demand for Shared Use Path Design”, funded by the Texas 33
Department of Transportation (TxDOT) 0-7152. Principle Investigator: Ipek N. Sener (i-sener@tti.tamu.edu)
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Bike | Ped Example : Austin —-Model Estimates

Bike|Ped Latent Demand Analysis
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Based on an ongoing project “Estimating Latent Bicyclist and Pedestrian Demand for Shared Use Path Design”, funded by the Texas
Department of Transportation (TxDOT) 0-7152. Principle Investigator: Ipek N. Sener (i-sener@tti.tamu.edu)
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Trivia 3

- What s the unit of reporting across raw(sample) data by sources ?
- LBS and Cell phone are devices (persons), where GPS data is primarily vehicle units

- Whatis the difference between raw, transformed and modeled
- Majority of raw data and its attributes are observations,
- Transformed data is either scaled to population/ vehicles with contextual attributes, and
- Modeled is representative of regional travel as in travel demand models with contextual attributes

- What are broader categories of biases can one encounter with passive data
- Spatial bias: Occurs with lack of coverage of an area or due to location estimation method/source
- Temporal bias: Occurs as its dependent on the time of use on application (not activity reflection)
- Demographic bias : Source data dependent
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Applications : Part 2



Regional Travel Demand Model Applications

* Investigating:

* Complement traditional commercial vehicle (cv) survey s

* Low sample size, primarily light vehicle representation I
D

Texas
epartment
of Transportation

* Need to better understand regional (cv) impact in models

* Sources
* INRIX sample trips and trajectories

. = e A&M
e How to use/inferences to make /‘-ré’if'sspaﬂauon

Institut
* Develop sample daily trip tables by weight class B
* Synthesize with land use and regional VMT data to estimate CV travel
* Use as input for regional travel demand models

37



Trips Samples by Wel

ght Class 1
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Texas
Department
of Transportation

Work done as part of TXDOT - FY 21 Inter Agency Contract (IAC) evaluating potential applications and advances in using passive data
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Survey Vs. Passive Data Daily Commercial Trips

lepartment

Beaumont - Port Arthur

Trips per Sq. Mile
o

[ [1-43

| 44-159
I 160- 410
B 411 - 550
s+

CV Traditional Survey Data

Texas

of Transportation

Beaumont - Port Arthur

Trips per Sq. Mile ‘
I o

[ ]1-43
. l44-159
B 160-410
I 411 - 550
B

Work done as part of TXDOT - FY 21 Inter Agency Contract (IAC) evaluating potential applications and advances in using passive data

Passive Data‘T Asl
“ exas A&

Transportation 3°
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Regional Quick Response Model (RQRM)

* Objective:
* Standalone web-based passive data based RQRM Model g
 Mimics traditional travel demand model (auto only) ITexas
» Application to low-growth areas, sub-model or new model area of Tromeportation

(no survey data)

* Sources
* LBS (Smartphone Applications) and Vehicle GPS Data

= Jexas A&GM
. i Tcisportaio
* How to use/inferences to make
* Understand one or more growth scenarios

* Assess the effect of roadway widening projects or addition of new roadway

Ongoing work as part of TXDOT - FY 21 Inter Agency Contract (IAC) implementing a Quick Response Model using passive probe data 40



TexPACK TDM Vs. QRM

Trip Generation Trip Distribution Network Assignment

Inputs : Production & Attraction Rates, Inputs : Zonal Productions & Attractions, Bias Inputs : Trip Matrices, Network, Assignment
Tex PAC K Household Distribution Factors, Network Skims Algorithm

Trip Based

Outputs : Zonal Trip Productions & Attractions Outputs : Trip Matrices (tables) Outputs: Network with traffic volumes

Passive Data Input Development Trip Distribution Network Assignment

Inputs : Passive Data Trip Tables, Zonal and
Regional Demographic and Employment
Controls

QRM Inputs : AirSage, INRIX, Sampling and
Expansion Algorithm

Inputs : Refined Trip Matrices, Network, Traffic
Counts, VMT, Assignment Algorithm

Outputs : Trip Table by Vehicle Class

(Auto/Truck) and Movement (Internal/External) Outputs : Refined Trip Matrices Outputs: Network with traffic volumes



RQRM - Travel Market Segments

Example — Regional Trip Table Trip Table Travel Market Segment Reference

Blue bins represent within region trips, includes
* Noncommercial resident auto trips for work & other

* Noncommercial visitor auto trips for business/recreation
* Local commercial (delivery/service travel)

Purple bins includes:

* Long haul commercial truck trips entering/exit region

* Noncommercial visitor auto trips entering/exit region

* Noncommercial resident auto trips enter/exit region
Lavender bins includes:

* Long haul Commercial truck trips passing through the region
* Non-Commercial auto trips passing through the region

Trip Movement Type
Internal — Internal

External - Internal (EXLO)

External — External (THRU)

g()ngoing work as part of TXDOT - FY 21 Inter Agency Contract (IAC) implementing a Quick Response Model using passive probe data “ Texas A&M .
I Texas Transportation 42
oo I Al [nstitute



RQRM - Travel Market : Data Sources

Regional Travel Market ,Movement Segments and Data Sources

. Commercial Vehicle Non-Commercial Vehicle
e’ Source : GPS (Sample) Source: LBS (Transformed)

Resident Visitor ‘
A

~. Internal Travel Internal Travel
$llR  (Delivery/Service) — (Within Study Area)

E :

5 Ongoing work as part of TxDOT - FY 21 Inter Agency Contract (IAC) implementing a Quick Response Model using passive probe V“ Texas A&M

Texas Traﬂ_SpOﬂa ti On 43
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RQRM - Travel Market : Data Processing

INTERNAL Commercial
(Delivery/Service) Vehicle Daily Truck
Trip Table

GPS and LBS Data tocal and

External
Commercial
\'ées';i'fri‘:tiT;;p EXTERNAL TO LOCAL (EXLO)

Long Haul Daily Truck Trip Table

EXTERNAL THROUGH (THRU)
Commercial Trips

Long Haul Daily Truck Trip Table
Data and Trajectories
FI)ExtracU_on, INTERNAL RESIDENT
rocessing, Daily Auto Trip Table
Sampling _& ) Historical
Segmentation Non-Commercial el
Internal Person Trip
Tables Survey based EXTERNAL THROUGH (THRU)
Adjustments Daily Auto Trip Table
OSRM EXTERNAL TO LOCAL (EXLO)
Ul Routing :
Study Area,

Daily Auto Trip Table
Mapping External to Local and External
External Stations, External Through Person Trip Tables
Traffic Counts

Zones to
Stations

INTERNAL VISITOR
Daily Auto Trip Table

Department

- _,'l_'exas Aﬁﬂ/{ .
ransporiation 44
pepariment, Al |nstitute

s Ongoing work as part of TxDOT - FY 21 Inter Agency Contract (IAC) implementing a Quick Response Model using passive probe data
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RQRM - Data and Model Framework

Passive Data

I

A/

Base Year INRIX Data

Y

Base Year AirSage Data

Base Year Land Use &
Demographics

Y

v

Forecast Year Land Use &
Demographics

Regression Model

Base Year Marginal

v

Forecast Year Marginal

| | Control Total Control Total
Independent
Pre-process QC (Spatial & Benchmark Data
Temporal) (VMT, Survey, v
Counts, Census etc.) - Base Year Synthetic Trip Forecast Year Synthetic
I Distribution Trip Distribution
Bace Year CV and : : = Synthetic Trip Table Delta
. Base Year AirSage Trip
External Trip Table
Table Process
Process
 /  / Estimated Trip
Distribution Gravity
Base Year CV and Base Year AirSage Seed Model Parameter
External Seed Table Table
\ J A

Controlled ODME
(Counts, VMT, Trips)

|

Forecast Year

External Trip

Apply Growth
Factor

\J

=t

= Jexas A&M

Transportation 45
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Ongoing work as part of TXDOT - FY 21 Inter Agency Contract (IAC) implementing a Quick Response Model using passive probe data
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INRIX — VDF Applications 1

BPR VDF Calibration Process ( Tr = To x(14ax[v/cl' |

| L
—
%

~TexPACK _

INRIX BLLUS

|
|
! STARS Il Time Series
I| Speed Data Geo TDM Metwork
i P Count Data Speed Data
|
e e N | ‘
Review/Filtering
L 4
Fitted Curves
Python
@ ArcGIS Pro ¢ Online Cloud Result.
L) S > Deployment > Summaries
VDF
Crosswalk Table Calibration Data Processin Recommended
Tool & a and B Values
Modeling
Notes: _ _ _ _ Recommended
STARS II: Statewide Traffic Analysiz and Reporting Systern
RITIS: Regional Integrated Transportation Information Systerm a and B Ranges
MPMRDS: Mational Performance Management Research Data Set

&l trademarks used are the property of their respective awners.

=t

- jexas A&M
IT,%s Ongoing work as part of TXDOT - FY 21 Inter Agency Contract (IAC) implementing a Quick Response Model using passive probe data 7 | Transponation 46
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INRIX - VDF Applications 2

&

Volume Delay Function Calibration Dashboard V2.0
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Data decision making pathways

I custom Products ||

<

|| Resource Intensive||

opSse 0
0 20

AYe 20
ODbse 0

(Synthetic
Representation)

Synthetic
Products

Initiate Data
Specification or
Access Platform
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In House Application Development

Data Lake Management

Traditional surveys and data
Big Data (Points, Trips, Trajectories)
Schemas & Documentation

Data Pipeline Development

Scale methods, notebooks to production

QA /QC process Integration

Transportation Science Platform

Documentation | Code Repositories
GitHub code version control and collaboration
Confluence : documentation and analysis review

Access to non-traditional users (SQL)

Intermediate products for analysis

Platform for quick visualization and reports

E On-Premise Workstation

B AWS Cloud

Docker images of

Python command line (CLI) applications
based on TPTK Python package

Run CLI app commands__|

‘ as batch jobs
Jupyter notebook
+ TPTK Python
package

AWS|
(CLI app docke!

(Batch computi

g environment)

ECR
image registry)

(Inputfoutput ata storage)

r—Read/write dat

Run SQL queries

Run SQL queries

AWS Athena
(Query Engine)

|z

AWS Glue Catalog
(External table defintions
of data on S3)




Data Governance & Management

Skills Staff Governance

Python | R | SQL | Spark, Cloud Data Engineer, Cloud Administrator, Ingestion, Transformation, Storage and

Technologies (AWS, Azure, GCP) Program Manager Archiving Mechanism and Policies

Reporting, Visualization , Quantitative, Web App Developer, Data Scientist, Data Simplified Cloud Access and Audit, and

Service Oriented Analysts , Subject Matter Experts Retrieval Medium by User Type
Transportation Planners, Traffic QA/QC, Resource Monitoring, Analysis
Engineers, and Analysts Tools for End Users
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Thank you — Questions ?

Who wants do do data
analysis

g Transportat
ransporiation
A Institute

Vijay Sivaraman
(813) 389-8224
V-sivaraman@tti.tamu.edu

Source : https://datasciencedojo.com/blog/data-science-memes/
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