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Overview 

 Project Background 

 General Transit Feed Specification (GTFS) 

 North Jersey Transportation Planning Authority (NJTPA) 

 Michael Baker Project Development 
• Project Tasks 

• Workflow Process 

• ETL Process 

• Operational Dashboard 

• Unified GTFS Feed 
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Project Purpose 

 To develop a data workflow plan supporting mobile 
applications that improve access to shared 
transportation services.  

 

 The plan meets General Transit Feed Specification 
(GTFS) standards and details an interagency 
coordination framework for standardizing, 
exchanging, compiling and maintaining shared 
services data for use in mobile applications.  
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What is GTFS? 

The General Transit Feed Specification (GTFS) defines a common 
format for public transportation schedules and associated 
geographic information. GTFS "feeds" let public transit agencies 
publish their transit data and developers write applications that 
consume that data in an interoperable way. 
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Optional: 
• Calendar Dates 
• Fare Attributes 
• Fare Rules 
• Shapes 
• Frequencies 
• Transfers 
• Feed Info 
 

Required: 
• Agency 
• Stops 
• Routes 
• Trips 
• Stop Times 
• Calendar 
 



GTFS Reference 

 Text Files (.txt) 
• 6 Required 

• 7 Optional 

 Required & Optional Fields 

 File Requirements 
• Comma-delimited 

• Dataset Unique 

• Standard Naming 

• Local Language 

• Case Sensitive 

• Encoded In UTF-8 

• Zipped 
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Example of GTFS Data 
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How do you get from this… 

To this… 
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North Jersey Transportation 
Planning Authority  

The Metropolitan Planning Organization for Northern New Jersey 

NJTPA Region 
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North Jersey Transportation 
Planning Authority  

The Metropolitan Planning Organization for Northern New Jersey 

STANDING COMMITTEES 

Planning & Economic Development Committee 

Project Prioritization Committee 

Freight Initiatives Committee 

Regional Transportation Advisory Committee 

Bergen Essex Hudson Hunterdon Middlesex 

Monmouth Morris  Ocean Passaic 
Jersey 

City 
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Governor 
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Port 
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Project Goals 

 Develop lines of communication with shared ride 
agencies for publishing and maintaining shared 
transportation data 

 Establishment of a standardized data template and 
workflow for data exchange 

 Development of a geospatial database of both public 
and private shared transportation services 

 Publication of a standardized GTFS data feed 
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Project Tasks 
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Task 1 – Needs Assessment 

Task 2 – Data Model and Workflow 
Process Development 

Task 3 – General Transit Feed 
Specification (GTFS) Data Conversion 

Task 4 – Documentation, 
Maintenance and Training 

Task 5 – Project Management  
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Category Description GTFS Data Online Data Structured Data 

Category 1 GTFS data available Yes Yes Yes 

Category 2 Online, structured data No Yes Yes 

Category 3  Online, non-structure data No Yes No 

Category 4 Offline, structured data No No Yes 

Category 5 Offline, non-structured data No No No 

Data Categorization 



Participating Agencies  Bloomfield Township 

 Coach USA (x6) 

 Cross County Connection TMA (x4)  

 EZ Ride  

 Greater Mercer TMA (x2) 

 Middlesex County Area Transit  

 Monroe Township  

 New Jersey Transit Corporation (x2)  

 Ocean County Transportation  

 Our Bus  

 Princeton Municipality 

 Somerset County 

 Sussex County Skylands Ride  

 Trans-Bridge  

 Warren County  
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Workflow Diagram 
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GTFS Entity Relationship Diagram 
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Data Conversion 

 Step 1 – Gather Bus Stop Locations 

• XY coordinates, assign unique stop_id’s 

 Step 2 – Build Schedules 

• Build the schedules stop-by-stop to 
generate stop_times and trips. 

 Step 3 – Generate Shapes 

• Using GIS, create the physical path the 
vehicle takes. 

 Step 4 – Generate and Validate 

• Fill-in additional data  

• Export and compress data files .zip 

• Feed Validator and Schedule Viewer 
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GTFS Maintenance 
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Statewide Unified GTFS feed 

https://www.njtpa.org/data-maps/tools/ 
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https://www.njtpa.org/data-maps/tools/
https://www.njtpa.org/data-maps/tools/
https://www.njtpa.org/data-maps/tools/


GTFS Dashboard 
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Benefits 

 Increased ridership 

 Promotes alternative 
transportation 

 Promotes agency’s website 
& services 

 Participation is free 

 Application use 
• Journey Planning 

• Accessibility Research 

• Comparing Service Levels 
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Lessons Learned 

 Leading edge project 

 Gaps in data tools  

 Agency participation 

• Designated contact 

• Active involvement 

 Agency categorization 

 TMA involvement  

• Outreach 
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Thank You 

Stephen W. Holt | GIT Associate II, UAS Pilot  | Michael Baker International 
300 American Metro Boulevard | Hamilton, NJ 08619 | [O] 609-807-9505  
Stephen.Holt@mbakerintl.com | www.mbakerintl.com 
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Mapping with sample 
error in mind

Addison Larson
IREG
12/12/18



Hispanic or Latino Origin, 2016 ACS, Table B03003, 5-Class Quantile, Block Group



Tool demo
https://aplarson.shinyapps.io/
MapClassificationAutoreporter/

https://aplarson.shinyapps.io/MapClassificationAutoreporter/
https://aplarson.shinyapps.io/MapClassificationAutoreporter/


1. Geography
2. Number of classes
3. Classification scheme
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2. Number of classes
3. Classification scheme



Geography: Tract



Geography: Block Group



1. Geography
2. Number of classes
3. Classification scheme



Classes: 3



Classes: 5



Classes: 7



1. Geography
2. Number of classes
3. Classification scheme



Classification: Equal Interval



Classification: Jenks



Classification: Quantile



1. Error by tract
2. Error by class
3. Overall error
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1. Error by tract
2. Error by class
3. Overall error
4. Recap



Error by tract

Tract 42101019502
Estimate = 77.199%
MOE = 6.232%



Error by tract

Class break = 66.6%



Error by tract

Area = 0.272%



1. Error by tract
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Error by class



Error by class

Area = 0.272%



Error by class

Tract Est. MOE
Lower Bound 
Error

Upper Bound 
Error

Tot. Error

42101019502 77.2% 6.2% 0.272% 0% 0.272%

42101017601 88.5% 7.6% 0% 0% 0%

42101017602 83.8% 4.9% 0% 0% 0%

Sum of Errors 0.272%

Class Error = (Sum of Errors / No. of Estimates) = (0.272% / 3) = 0.091%



1. Error by tract
2. Error by class
3. Overall error
4. Recap



Overall error



Class Est. MOE Min. Value Max. Value

Bottom 17.7% 3.6% 14.1% 21.3%

Bottom 5.2% 3.5% 1.7% 8.7%

Middle 38.2% 11.0% 27.2% 49.2%

Middle 66.2% 7.5% 58.8% 73.7%

Top 77.2% 6.2% 71.0% 83.4%

Top 88.5% 7.6% 81.0% 96.1%

Top 83.8% 4.9% 78.8% 88.7%

Overall error



Overall error

Class No. of Estimates Mean Class Error

Bottom 2 0%

Middle 2 34.837%

Top 3 0.091%

Overall 9.994%

Overall error is the mean class error 
weighted by the number of observations.



Overall error

Class No. of Estimates Mean Class Error

Bottom 2 0%

Middle 2 34.837%

Top 3 0.091%

Overall 9.994%

Maps are considered reliable if no class error 
exceeds 20% and the overall error is below 10%.

Verdict: Overall error is OK, but class error is not.



1. Error by tract
2. Error by class
3. Overall error
4. Recap



Recap

● Each estimate has expected lower and upper 
bound classification error

● Class error built from mean of estimate errors
● Overall map error is weighted mean class error
● Reliability cutoffs:

○ 20% by class
○ 10% overall



Tool demo
https://aplarson.shinyapps.io/
MapClassificationAutoreporter/

https://aplarson.shinyapps.io/MapClassificationAutoreporter/
https://aplarson.shinyapps.io/MapClassificationAutoreporter/


Future plans



Create more reliable census geographies
● Aggregate DVRPC tracts to larger 

geographies using data-driven 
regionalization (see code and paper)

● Aggregate Philadelphia, Camden,
and Trenton tracts to larger
geographies using existing
neighborhood maps

● Compare results
Evaluate 2016 CTPP release
● Geographies, variables, contexts
● “CV viewer”

https://github.com/geoss/censumander
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0115626#abstract0


Addison Larson
alarson@dvrpc.org
https://github.com/addisonlarson/MapReliabilityTool



Fancy CARTO, 
Made Easy:

VL and Airship

Andrew Thompson

Solutions Engineer

bit.ly/ireg-carto-libraries



THE CARTO PLATFORM MAKES LOCATION DATA 
ACTIONABLE FOR ALL USER TYPES

ANALYSTS & BUSINESS 
USERS
Out of the box location intelligence 
for analysts to create and use 
intuitive maps and map-based 
dashboards.

DATA SCIENTISTS DEVELOPERS

Powerful data science and analysis 
tools for understanding,  
predicting, and optimizing.

Industrial grade APIs, SDKs and 
tools for developers to build world 
class geospatial apps.



BUILDER

POINT AND CLICK GEOSPATIAL 
ANALYSIS

CLOUD OR ON PREMISES 
 GEO DATABASE

DATABASE 
CONNECTORSDATA STREAMS

AIRSHIP, CARTO VL, CARTO.JS, APIS, SDKS

LOCATION DATA 
SERVICES
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DEVELOPER INTERFACES

CARTOFRAMES
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YOUR SOLUTION

CUSTOM-BUILT LI SOLUTION

CARTO SOLUTIONS

CARTO AND PARTNER-
DEVELOPED CUSTOM APPS







CARTO Javascript Map Libraries

Connect the CARTO platform’s geospatial backend to the browser

Use and extend the Auth, Maps, and SQL APIs

CARTO.js for “raster” tiles with Leaflet/GMaps and SQL/CartoCSS

CARTO VL for “vector” tiles with MapboxGL and SQL/VL-Style



➔ CARTO VL 

vector rendering technology.



Raster (CARTO.js): 
> Image tiles (PNG) rendered on remote server

Database query processed through Mapnik 
and CartoCSS styling language, returns 
images to browser

Vector (CARTO VL): 
> Data tiles (MVT) rendered in your browser

Database query returned straight to 
browser as MVT format data tile, viz and 
styling happens on your GPU

https://zingbot.github.io/iframe-scaffolder/#/view?urls=https:~2F~2Fteam.carto.com~2Fu~2Fjferzoco~2Fbuilder~2Fba735b25-5f5e-451c-bebe-91b4cdf883c9~2Fembed,https:~2F~2Fzingbot.github.io~2Fvectoria~2Fafrica_vector.html&active=0&sharing=1&autoplay=0&loop=1&layout=horizontal&theme=default&enforceProtocol=1
https://zingbot.github.io/iframe-scaffolder/#/view?urls=https:~2F~2Fteam.carto.com~2Fu~2Fjferzoco~2Fbuilder~2Fba735b25-5f5e-451c-bebe-91b4cdf883c9~2Fembed,https:~2F~2Fzingbot.github.io~2Fvectoria~2Fafrica_vector.html&active=0&sharing=1&autoplay=0&loop=1&layout=horizontal&theme=default&enforceProtocol=1


➔ Things just happen faster
◆ Smooth, fractional zooms
◆ Quicker transitions
◆ Faster load and render times thanks to 

Smart Aggregation

➔ Direct access to the data layer
◆ Data-driven styling with functions and 

math on data attributes
◆ Define styling variables and use them in 

your UI
◆ Summarize data at the Viewport or 

Global levels

➔ New Animation and Interactivity 
Possibilities

The Power of CARTO VL:



https://zingbot.github.io/iframe-scaffolder/#/view?urls=http:~2F~2Fmj89sp3sau2k7lj1eg3k40hkeppguj6j-a-sites-opensocial.googleusercontent.com~2Fgadgets~2Fifr%3Furl%3Dhttp:~2F~2Fwww.gstatic.com~2Fsites-gadgets~2Fiframe~2Fiframe.xml%26container%3Denterprise%26view%3Ddefault%26lang%3Den%26country%3DALL%26sanitize%3D0%26v%3Dae544275558c6f9%26libs%3Dcore%26parent%3Dhttps:~2F~2Fsites.google.com~2Fsite~2Fsalassanebarro~2Fdata-visualization~2Fmaps%23up_scroll%3Dauto%26up_iframeURL%3Dhttps:~2F~2Falassane.cartodb.com~2Fviz~2F2499cc1e-a61a-11e5-9ba6-0e8c56e2ffdb~2Fembed_map%26st%3De%253DAIHE3cApk%25252BncmOk7BSMgEwoF%25252Bi%25252FP%25252Fo%25252FTCKFXpswesYGzSnZSaJGeLIMfXonZWXVstbPgn6MyNdpdcDh5DGiPdt%25252FZcBrKsmvyiENW50%25252FX91JazTnJLqNKb%25252BGXCOk3CK7hbNw8llOctj%25252F3%2526c%253Denterprise%26rpctoken%3D5686192110811512997,https:~2F~2Fzingbot.github.io~2Fvectoria~2Fafricaasia_conflict19952015.html&active=0&sharing=1&autoplay=0&loop=1&layout=head&theme=default&enforceProtocol=1




const viz = new carto.Viz(`

  width: blend(1, sqrt($amount), linear(zoom(), 10, 14))

color: ramp(linear($amount, 10, 1000), emrld)

strokeWidth: 0

`);

const s = carto.expressions;

const viz = new carto.Viz({

      width: s.blend(3, s.sqrt(s.prop('amount')),

                     s.linear(s.zoom(), 10, 14)),

      color: s.ramp(s.linear(s.prop('amount'), 10, 1000),

                    s.palettes.EMRLD),

      strokeWidth: 0

});

CARTO VL

const viz = new carto.Viz(`

     marker-fill-opacity: 0.9;

marker-line-color: #fff

marker-line-width: 0;

marker-line-opacity: 1;

marker-placement: point;

marker-type: ellipse;

marker-width: 3;

marker-fill: ramp([amount], 

cartocolor(Emrld), jenks());

[zoom = 4] {marker-width: 6;}

[zoom = 5] {marker-width:12;}

[zoom = 5] {marker-width:16;}

`);

CARTOCSS



VL is Fancy!

Airship is Easy!





Background
Embedding CARTO maps in custom apps with JS has always 

been integral to our developer platform

After years of working with customers using CARTO.js to 

make custom interfaces, we identified common UI 

components

Our award-winning design team took these learnings and 

created Airship to reduce the level of effort to make apps



Airship Mission

Airship is a library of layouts, basic patterns, templates, CSS 

classes, components, and widgets that is meant to make 

the development of custom location intelligence apps fast 

and efficient with CARTO.



Airship is...

Airship is fully responsive out of the box!

Airship is completely flexible for styles and colors!

Airship has built in functionality for widgets!



Airship is not..

Airship is not frontend framework dependent (Vanilla JS, 

React, Angular, Ember, Vue all work!)

Airship is not just HTML/CSS, it includes full web 

components and handles design and layout for you

Airship is not hard to install and use



Airship Layout



Airship Mobile Responsive Layout



Components

Components use W3C Web Components and Javascript 

functions to work and pass data back through CARTO.js/VL

Designed to work with CARTO VL Style Variables, or 

CARTO.js Dataviews and Filters

https://www.webcomponents.org/about


Category Widget



<body>

  <as-category-widget

    class="as-p--16"

    heading="Business Volume"

    description="Description"></as-category-widget>

  <script>

    const categoryWidget = document.querySelector('as-category-widget');

    categoryWidget.showClearButton = true;

    categoryWidget.categories = [

      { name: 'Bars & Restaurants', value: 1000 },

      { name: 'Fashion', value: 900 },

      { name: 'Grocery', value: 800 },

      { name: 'Health', value: 400 },

      { name: 'Shopping mall', value: 250 },

      { name: 'Transportation', value: 1000 },

      { name: 'Leisure', value: 760 }

    ];

  </script>

</body>



Styles

Styles are either simple HTML elements with styling types 

or web components.









CARTO Airship Training-thru-Examples
https://github.com/cartodb/airship-training 

CARTO VL Training-thru-Examples
https://github.com/CartoDB/carto-vl-training 

Developer Center Docs
https://carto.com/developers 

Resources and 
Links!

bit.ly/ireg-carto-libraries

Easy DIY via Glitch!
https://glitch.com/@andrewbt/carto-airship-traini
ngs 

https://github.com/cartodb/airship-training
https://github.com/CartoDB/carto-vl-training
https://carto.com/developers
https://glitch.com/@andrewbt/carto-airship-trainings
https://glitch.com/@andrewbt/carto-airship-trainings


One more 
thing…

https://cartodb.github.io/shuttle/

https://cartodb.github.io/shuttle
https://cartodb.github.io/shuttle/


Thank You!

athompson@CARTO.COM
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