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Module Description 
There are a wide variety of onboard transit technologies and they are integrated using several types 
of communications technologies.  These onboard technologies facilitate and automate operations, 
management, maintenance, traveler information, safety, and security functions of public transit 
systems. With the advent of newer communication technologies, onboard technologies can be 
integrated via an onboard transit architecture that is comprised of on-board devices, 
communications pathways (on and to/from the vehicle), functionality, and interfaces to the vehicle.  
Onboard devices include a mobile data terminal (MDT), vehicle logic unit (VLU) (sometimes 
combined with an MDT), equipment to support supervisory and support functions (e.g., ruggedized 
laptop), Automated Vehicle Announcement (AVA) System (covered in Modules 6 and 7), Automatic 
Passenger Counter (APC) System (covered in Modules 2 and 5), an Event Data Recorder System 
(EDRS) and Vehicle Component Monitoring (VCM) (covered in Modules 2 and 5), and Onboard Video 
Surveillance System (covered in Modules 2 and 5).  Module 19 provides details of how to use 
onboard hardware and software standards and provides case studies and examples that 
demonstrate how to procure systems that use these standards. 

1. Introduction/Purpose 
This module provides details on how to leverage current communication technologies to integrate 
onboard devices and provides case studies and examples that demonstrate the use of these 
technologies.  The information in this module will help participants further understand those 
communication technologies that support the integration of onboard transit devices for buses, 
specifically Internet of Things (IoT) Gateways, Mobile Gateway Router (MGR), future second 
generation onboard architectures and the evolution of onboard IoT edge logic.  Topics that will be 
covered in this module include current and future on-board architectures, IoT gateways, moving 
onboard functionality to the cloud, and transit agency considerations. 

2. Samples/Examples 

2.1. Los Angeles County Metropolitan Transportation Authority 
(LA Metro) Transit Signal Priority (TSP) Concepts 

LA Metro conducted a TSP concept development activity that resulted in the following: 
 
• Vehicle-to-Infrastructure (V2I) Connected Vehicle (see Figure 1) 
• Vehicle-to-Infrastructure (V2I) Cellular to Isolated Signal (see Figure 2) 
• Vehicle-to-Center (V2C) Cellular to Centralized TMC (see Figure 3) 
• Center-to-Center (C2C) Fully Centralized TOC and TMC (see Figure 4) 
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Figure 1. V2I Connected Vehicle Concept (courtesy of Ed Alegre, LA Metro) 

 
Figure 2. V2I Cellular to Isolated Signal (courtesy of Ed Alegre, LA Metro) 
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Figure 3. V2C Cellular to Centralized TMC (courtesy of Ed Alegre, LA Metro) 

 
Figure 4. C2C Fully Centralized TOC and TMC (courtesy of Ed Alegre, LA Metro) 

 
In addition to these four concepts, LA Metro developed a next generation TSP concept that has the 
“cloud” as the key component as shown in Figures 5, 6, and 7. For this LA Metro next-gen concept, 
the cloud performs four main functions: 
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• “Communicate with all TSP clients, including individual buses, transit management system, 
individual signals, and the traffic agency ATMS. Correlating bus route and schedule info with 
signal system info and signal locations, the cloud determines the correct signals to pass priority 
request messages to. 

• “Using this correlated information, it converts request messages to the signal controller 
messaging standard as appropriate (NTCIP 1211 is the usual standard). 

• “Communicates the tailored priority request to the client applications at the ATMS or individual 
controllers. 

• “Records and aggregates all actions taken on both the transit and signal side and performs 
analytics on the data to support performance monitoring and planning purposes.”1 

 

 
Figure 5. TSP as a Service (TSPaaS) (courtesy of Ed Alegre, LA Metro) 

 

 
1 DKS Associates, “The Next Generation of Transit Signal Priority: Cloud Computing and the TSP-as-a-Service 
Model,” presentation at 2017 ITS California Annual Meeting, September 30, 2017.  Used with permission of 
DKS. 
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Figure 6. TSP-as-a-Service Inputs (courtesy of Elliot Hubbard, DKS Associates) 
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Figure 7. TSP-as-a-Service Outputs (courtesy of Elliot Hubbard, DKS Associates) 
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2.2.  Capital District Transportation Authority (CDTA) Intell igent 
Transportation Management System (ITMS) – Albany, NY 

The Capital District Transportation Authority (CDTA) in Albany, NY conducted a major procurement 
to replace their aging CAD/AVL system.  Within this procurement, there was a requirement for On-
Board Mobile Routers/ Wireless Gateways. The requirement for On-board Mobile Gateway Routers 
(OMGRs) was included in the specifications in Section 5.2.3.  This section of the specifications is 
contained on the next five pages. 
 
Other portions of Request for Proposal referring to the OMGRs are as follows: 
 
• Open Payment System Infrastructure – The Contractor shall partner with SPXGenfare to 

integrate open payments through CDTA’s new FastFare® ® electronic Fareboxes via the 
Contractor’s ITMS on-board mobile gateway router. The purpose of this interface is to provide 
customers with on-board payment card transactions in real time. 

• On BusPlus vehicles, Clever Devices IVN and mobile routers transmit vehicle location data to 
CD’s central prediction system (BusTime server). 

• As described in section 5 “Wireless Data Communication Requirements,” CDS wireless 
communications with ITMS on-board ITMS equipment, components, and devices shall be via the 
wireless mobile routers on-board vehicles and wireless access points at each operating division 
and select transit stations within the CDTA service area where CDTA has wide-area networking 
infrastructure. 

• 4.7.3 On-Board Customer Wi-Fi.  The Contractor shall provide on-board Wi-Fi enabled Internet 
access to customers as part of the ITMS On-board Mobile Gateway/Router (OMGR) on all CDTA 
vehicles. 
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2.3.  Tri -County Metropolitan Transportation Distr ict of Oregon 
(TriMet) Hop Fastpass – Portland, OR 

“The Tri-County Metropolitan Transportation District of Oregon (TriMet), the primary public 
transportation provider in Portland, [Oregon] utilized a novel approach to build the Hop Fastpass, its 
public transit payment system that first launched in 2017 and has steadily added new features.”2 
 
The next four pages show relevant portions of the specifications. The conceptual system diagram is 
shown on the page following the relevant portion of the specifications. 
 
Another key requirement in the specifications is as follows: “The eFare system will be built using an 
account-based, open payment architecture with key system interfaces based on Application 
Programming Interfaces (APIs) that are published by the Contractor and fully owned or licensed by 
TriMet.” 
 

 
2 APTA MOBILITY INNOVATION PILOT OF THE MONTH: TriMet’s Hop Fastpass—Open Architecture in Fare 
Payment, webinar conducted on June 27, 2019 
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3. Reference to Other Standards 

3.1.  IEEE 802.11 
802.11 [and 802.11x] refers to a family of specifications developed by the IEEE for wireless [local 
area network] LAN (WLAN) technology. 802.11 specifies an over-the-air interface between a wireless 
client and a base station or between two wireless clients. 

There are several specifications in the 802.11 family: 

• 802.11 — applies to wireless LANs and provides 1 or 2 [megabits per second] Mbps transmission 
in the 2.4 [gigahertz] GHz band using either frequency hopping spread spectrum (FHSS) or direct 
sequence spread spectrum (DSSS). 

• 802.11a — an extension to 802.11 that applies to wireless LANs and provides up to 54-Mbps in 
the 5GHz band. 802.11a uses an orthogonal frequency division multiplexing encoding scheme 
rather than FHSS or DSSS. 

• 802.11b (also referred to as 802.11 High Rate or Wi-Fi) — an extension to 802.11 that applies to 
wireless LANS and provides 11 Mbps transmission (with a fallback to 5.5, 2 and 1-Mbps) in the 
2.4 GHz band. 802.11b uses only DSSS. 802.11b was a 1999 ratification to the original 802.11 
standard, allowing wireless functionality comparable to Ethernet. 

• 802.11e — a wireless draft standard that defines the Quality of Service (QoS) support for LANs, 
and is an enhancement to the 802.11a and 802.11b wireless LAN (WLAN) specifications. 802.11e 
adds QoS features and multimedia support to the existing IEEE 802.11b and IEEE 802.11a 
wireless standards, while maintaining full backward compatibility with these standards. 

• 802.11g — applies to wireless LANs and is used for transmission over short distances at up to 54-
Mbps in the 2.4 GHz bands. 

• 802.11n — 802.11n builds upon previous 802.11 standards by adding multiple-input multiple-
output (MIMO). The additional transmitter and receiver antennas allow for increased data 
throughput through spatial multiplexing and increased range by exploiting the spatial diversity 
through coding schemes like Alamouti coding. The real speed would be 100 Mbit/s (even 250 
Mbit/s in PHY level), and so up to 4-5 times faster than 802.11g. 

• 802.11ac — 802.11ac builds upon previous 802.11 standards, particularly the 802.11n standard, 
to deliver data rates of 433Mbps per spatial stream, or 1.3Gbps in a three-antenna (three 
stream) design. The 802.11ac specification operates only in the 5 GHz frequency range and 
features support for wider channels (80MHz and 160MHz) and beamforming capabilities by 
default to help achieve its higher wireless speeds.  This standard is being used currently for new 
wireless access points (WAPs) in transit garages and facilities in order to upload or download 
data and software updates. 
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• 802.11ac Wave 2 — 802.11ac Wave 2 is an update for the original 802.11ac spec that uses 
[multiple user] MU-MIMO technology and other advancements to help increase theoretical 
maximum wireless speeds for the spec to 6.93 Gbps. 

• 802.11ad — 802.11ad is a wireless specification under development that will operate in the 
60GHz frequency band and offer much higher transfer rates than previous 802.11 specs, with a 
theoretical maximum transfer rate of up to 7Gbps (Gigabits per second). 

• 802.11ah— Also known as Wi-Fi HaLow, 802.11ah is the first Wi-Fi specification to operate in 
frequency bands below one gigahertz (900 MHz), and it has a range of nearly twice that of other 
Wi-Fi technologies. It's also able to penetrate walls and other barriers considerably better than 
previous Wi-Fi standards. 

• 802.11r - 802.11r, also called Fast Basic Service Set (BSS) Transition, supports VoWi-Fi handoff 
between access points to enable VoIP roaming on a Wi-Fi network with 802.1X authentication. 3 

• 802.11p is one of the recent approved amendments to the IEEE 802.11 standard to add wireless 
access in vehicular environments (WAVE). It appended some enhancements to the latest version 
of 802.11 that required to support applications of Intelligent Transportation Systems (ITS). This 
includes data exchange between high-speed vehicles and between the vehicles and the roadside 
infrastructure in the licensed ITS band.4 

3.2.  Payment Card Industry Security Standards 
Information regarding these standards are shown in the next two pages. 

 
3 http://www.webopedia.com/TERM/8/802_11.html  

4 http://www.iaeng.org/publication/WCECS2014/WCECS2014_pp691-698.pdf  

http://www.webopedia.com/TERM/8/802_11.html
http://www.iaeng.org/publication/WCECS2014/WCECS2014_pp691-698.pdf
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4. Case Studies 
There are no new case studies in this module in addition to the following three presented in the 
module: 

• Case study of procuring and implementing CAD/AVL system using a mobile router/ wireless 
gateway as part of the Capital District Transportation Authority (CDTA) (Albany, NY) Intelligent 
Transportation Management System (ITMS) 

• Case study of procuring system requiring on-board integration and transaction processing as 
part of the Tri-County Metropolitan Transportation District of Oregon (TriMet) (Portland, OR) 
Hop Fastpass 

• Case study of migrating to using current communication technology at Alameda-Contra Costa 
Transit District (AC Transit) in Oakland, CA 

5. Glossary 
 

Term Definition 
Automatic vehicle location 
(AVL) 

The central software used by dispatchers for operations 
management that periodically receives real-time updates on fleet 
vehicle locations. In most modern AVL systems this involves an 
onboard computer with an integrated Global Positioning System 
receiver and mobile data communications capability. 

Computer-aided Dispatch 
(CAD) 

CAD software integrates transit operations by giving transit 
dispatchers and supervisors’ decision support tools to manage the 
operating environment. 

Global System for Mobile 
communication (GSM) 

GSM is a digital mobile network that is widely used by mobile 
phone users in Europe and other parts of the world. GSM digitizes 
and compresses data, then sends it down a channel with two 
other streams of user data, each in its own time slot. 

Infrastructure as a Service 
(IaaS) 

Cloud layer offering that enables a self-service model for managing 
virtualized data center infrastructure. Customers pay for on-
demand access to pre-configured computing resources, such as 
network, storage, and operating systems. 

Internet of Things (IoT) The interconnection via the Internet of computing devices 
embedded in everyday objects, enabling them to send and receive 
data. 

Internet Protocol (IP) A set of rules governing the format of data sent over the Internet 
or other network. 

Long Term Evolution (LTE) LTE is a standard for 4G wireless broadband technology that offers 
increased network capacity and speed to mobile device users. It 
also provides reduced latency, scalable bandwidth capacity and 
backward-compatibility with existing GSM and UMTS technology. 



Module 23: Leveraging Communications Technologies for 
Transit On-board Integration 

24 

 

 

        

 

Term Definition 
Mobile Gateway Router 
(MGR) 
[also known as On-board 
MGR and mobile access 
router] 

Wireless gateways work in the cellular radio space and add 
intelligence to the activity of connecting a device to the internet. 
They will translate a private local IP to a public network IP assigned 
by the cellular service carrier. The gateway connects a local private 
device or local private network to the carrier’s public network and 
the internet. 
 
Mobile gateway routers perform all the functions of a wireless 
gateway, and add sophisticated routing capabilities as well as 
multiple Ethernet and/or WLAN connections. These capabilities 
involve port forwarding or mapping and port routing. The single 
public IP assigned from the carrier may be mapped in the router so 
that one port of the single public IP is mapped to a camera, 
another to a sensor, and another to manage the router, and 
another to a locally connected network for web access. 
 
Often these two devices can be combined into one and referred to 
as an on-board mobile gateway router (OMGR). 

Open Systems 
Interconnection (OSI) 

The OSI model is a conceptual framework that describes the 
functions of a networking or telecommunication system. 

Platform as a Service (PaaS) Cloud layer offering that provides tools and other computing 
infrastructure, enabling organizations to focus on building and 
running web applications and services. PaaS environments 
primarily support developers, operations, and hybrid teams. 

Quality of service (QoS) QoS is a family of evolving Internet standards that provides ways 
to give preferential treatment to certain types of Internet Protocol 
(IP) traffic. 

Software as a Service (SaaS) Applications hosted by a third party and usually delivered as 
software services over a web browser that is accessed on the 
client’s side. 

Transit signal priority (TSP) TSP is a general term for a set of operational improvements that 
use technology to reduce dwell time at traffic signals for transit 
vehicles by holding green lights longer or shortening red lights. 

Universal Mobile 
Telecommunications Service 
(UMTS) 

UMTS is a third-generation (3G) broadband, packet-based 
transmission of text, digitized voice, video, and multimedia at data 
rates up to 2 megabits per second (Mbps). 

Vehicle logic unit (VLU) Typically, the VLU within the mobile data terminal (MDT) provides 
the processing power needed to support automation, single point 
log-on, and other onboard transit ITS applications. 

Wide area network (WAN) A computer network in which the computers connected may be 
far apart, generally having a radius of half a mile or more. 
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7. Study Questions 
 

Which one of these differences between SAE J1939 and J1708 is NOT true? 

Answer Choices: 
a) J1939 is much faster than J1708 

https://busride.com/category/transit/
https://www.digi.com/
https://www.lileesystems.com/sts/
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b) J1939 permits a connection of more devices than J1708 

c) J1939 is based on the Controller Area Network (CAN) 

d) J1939 covers the same number of OSI layers as J1708 

What is the difference between Generation 1.5 and 2.0 of on-board architectures? 

Answer Choices: 
a) The mobile gateway router (MGR) was introduced in Generation 2 

b) Not all on-board devices are IP-ready in Generation 1.5 

c) On-board analytics & “smarts” stay on-board in Generation 2 

d) Ethernet is no longer used in Generation 2 

CDTA’s selection of an On-board Mobile Router/Wireless Gateway included which considerations? 

Answer Choices: 
a) Need to operate both private and public networks for internal data transfer and public Wi-Fi 

b) Flexibility to handle multiple inputs, antennae and multiple SIM cards for redundancy 

c) Hardware needed to be already deployed and proven to be reliable 

d) All of the above 

Which one of these benefits has been experienced by AC Transit due to their implementation of 
multiple technology communications? 

Answer Choices: 
a) Limit service area coverage 

b) Provide a path for technology evolution 

c) Eliminate LMR assets 

d) Reduce the number of FCC licenses 
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Icons to be used in ITS PCB Standards Training PowerPoints 

 A key of these icons that may be found in the PowerPoint presentations.  

1) Background information: General knowledge that is available elsewhere and is 
outside the module being presented. This will be used primarily in the beginning of 
slide set when reviewing information readers are expected to already know.  

 
 

2) Tools/Applications: An industry-specific item a person would use to accomplish a 
specific task, and applying that tool to fit your need.  

 
 

3) Remember: Used when referencing something already discussed in the module that 
is necessary to recount.  

 
 

4) Refer to Student Supplement: Items or information that are further 
explained/detailed in the Student Supplement. 

 
5) Example: Can be real-world (case study), hypothetical, a sample of a table, etc.  

 

 
 Checklist: Use to indicate a process that is being laid out sequentially.  
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