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Presenter
Presentation Notes

This course is sponsored by the U.S. Department of Transportation’s ITS Professional Capacity Building (PCB) Program. The ITS PCB Program is part of the Research and Innovative Technology Administration’s ITS Joint Program Office.�You can find information on additional modules and training programs on this web site www.pcb.its.dot.gov/
 
Thank you for participating and we hope you find this module helpful.



Welcome 

Ken Leonard, Director 
ITS Joint Program Office 
Ken.Leonard@dot.gov 

 www.pcb.its.dot.gov 
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Presenter
Presentation Notes
ITS Standards can make your life easier. Your procurements will go more smoothly and you’ll encourage competition, but only if you know how to write them into your specifications and test them. This module is one in a series that covers practical applications for acquiring and testing standards-based ITS systems. 
 
I am Ken Leonard, director of the ITS Joint Program Office for USDOT and I want to welcome you to our newly redesigned ITS standards training program of which this module is a part. We are pleased to be working with our partner, the Institute of Transportation Engineers, to deliver this new approach to training that combines web based modules with instructor interaction to bring the latest in ITS learning to busy professionals like yourself.
 
This combined approach allows interested professionals to schedule training at your convenience, without the need to travel. After you complete this training, we hope that you will tell colleagues and customers about the latest ITS standards and encourage them to take advantage of the archived version of the webinars.
 
ITS Standards training is one of the first offerings of our updated Professional Capacity Training Program. Through the PCB program we prepare professionals to adopt proven and emerging  ITS technologies that will make surface transportation safer, smarter and greener which improves livability for us all. You can find information on additional modules and training programs on our web site www.pcb.its.dot.gov
 
Please help us make even more improvements to our training modules through the evaluation process. We look forward to hearing your comments. Thank you again for participating and we hope you find this module helpful.




Presenter
Presentation Notes
Narrated by Nicola for Web pilot:
This is an interactive presentation. Throughout the presentation there will be pop-up quizzes requiring your input. The presentation lecture will pause at each activity. Use your computer mouse to select your answer on the screen. There is only one correct answer. You will receive instant feedback from your answer choice.
Please help us make even more improvements to our training modules by completing the post-course feedback form.
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A208: 
Using the ATC 5401 Application Programming 

Interface Standard to Leverage ITS Infrastructures 

Presenter
Presentation Notes






Instructor 

Ralph W. Boaz 
President 
Pillar Consulting, Inc. 
San Diego, CA, USA 
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Presenter
Presentation Notes
Bio: Ralph Boaz is a transportation, engineering, and marketing consultant. He was formerly Vice President of Econolite Control Products and Transportation Section Manager for Ball Systems Engineering. He has been a project manager and consultant to the ATC and NTCIP standards programs. He is a member of numerous ATC and NTCIP Standards Working Groups.  He is the Chairman of the Transportation Sensor Systems Working Group for NTCIP.  In 2002, he founded Pillar Consulting, Inc. where he assists companies and agencies in ITS planning, implementation, deployment, testing, and training. 
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Target Audience 

 Engineering Staff  

 TMC/Operations Staff  

 System Developers 

 Software Developers 

 Manufacturers 

 Private and Public Sector Users 

Presenter
Presentation Notes
Key Message: Discuss target audience. Explain what is meant by each function:
Traffic Engineering Staff – Traffic Engineers who plan, perform studies, and design transportation systems.
TMC/Operations Staff – Those that work in transportation management centers, technicians, and others that perform the day-to-day tasks of operating/supporting a transportation system.
System Developers – Those that implement and integrate transportation systems.
Software Developers – Those that develop application software for transportation field systems.
Manufacturers – Companies that develop field devices for transportation field devices.
Private and Public Sector Users – Users include people from private companies and public agencies.
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Recommended Prerequisite(s) 

 I101:  Using ITS Standards: An Overview 

 A101:  Introduction to Acquiring Standards-based ITS 
Systems 

 A102:  Introduction to User Needs Identification 

 A201:  Details On Acquiring Standards-based ITS Systems 

 A202: Identifying and Writing User Needs When ITS 
Standards Do Not Have SEP Content 

 A103: Introduction to ITS Standards Requirements 
Development 

Presenter
Presentation Notes
Key Message: Identify the Modules that are recommended prior to this module.
I101 – Provides an overview in the use of ITS standards.
A101 – Provides information on procurement strategies for standards compliant systems.
A102 – Introduces how to identify and articulate user needs.
A201 – Selecting the appropriate standard for acquiring standards based systems
A202 – Helps users identify user needs for standards even when Systems Engineering Process (SEP) information is not present.
A103 – Module introduces what the requirements are, where they fit into the systems life cycle, and discusses how to determine if they are correct. 
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Recommended Prerequisite(s) (cont.) 

 A203: Writing Requirements When ITS Standards Do Not 
Have SEP Content 

 C101: Introduction to the Communications Protocols and 
Their Uses in ITS Applications 

 A207a: Building an ITS infrastructure Based on the 
ATC 5201 Standard Part 1 of 2 

 A207b: Building an ITS infrastructure Based on the 
ATC 5201 Standard Part 2 of 2 

Presenter
Presentation Notes
Key Message: Identify the Modules that are recommended prior to this module.
A203 – This module provide guidance on how to write requirements if they do not articulated within an ITS standard.
C101 – Explains the NTCIP Framework of protocols. 
A207a – Helps users understand the purpose of the ATC family of standards and lays the foundation for basic operation of transportation field cabinet systems.
A207b – Discusses the architecture and features of the ATC 5201 Standard.




Curriculum Path (Non-SEP) 
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I101 
Using ITS Standards: 

An Overview 

A101 
Introduction to 

Acquiring Standards 
-based ITS Systems 

A102 
Introduction to User 
Needs Identification 

A201 
Details on Acquiring 
Standards-based ITS 

Systems 

A202 
Identifying and Writing 
User Needs When ITS 

Standards Do Not Have 
SEP Content 

A103 
Introduction to ITS 

Standards 
Requirements 
Development  

A203 
Writing 

Requirements When 
ITS Standards Do Not 

Have SEP Content 

 
C101 

Intro. to Comm. 
Protocols and Their 

Uses in ITS 
Applications 

 

A207a 
Building an ITS 

Infrastructure Based 
on the ATC 5201 

Standard Part 1 of 2 

A207b 
 Building an ITS 

Infrastructure Based 
on the ATC 5201 

Standard Part 2 of 2 

A208  
Using the ATC 5401 

API Standard to 
Leverage ITS 

Infrastructure  

Presenter
Presentation Notes
Key Message:

The curriculum for the PCB program has been divided into two groups.  Those modules that represent standards that have gone through a formal systems engineering process (SEP) and those that have not.

In reality, understanding of a particular module may come from prerequisite modules from either group.
In this case the ATC 5401 Standard was written using a formal systems engineering process but it is listed in the Non-SEP curriculum path.





1. Identify the features of the ATC 5401 Application 
Programming Interface (API) Standard 

2. Describe the ATC 5401 Architecture 

3. Describe how the ATC 5401 Standard works with other ITS 
Standards 

4. Specify API Software for system and equipment 
procurements 
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Learning Objectives 

Presenter
Presentation Notes
Key Message:  Some summary sub-points to share with each Learning Objective are listed.
Identify the Features of the ATC 5401 Application Programming Interface (API) Standard
Sharing Resources of the Controller and Transportation Field Cabinet System
Structure of the ATC 5401 Standard
Features for API Software
Describe the ATC 5401 Architecture 
Key Elements of the ATC 5401 Architecture
Describe How the ATC 5401 Standard and ATC 5201 Standard Work Together
ATC Software Portability, Compatibility and Interchangeability
Describe How the ATC 5401 Standard Works With Other ITS Standards
Transportation Field Cabinet Systems
ITS Communications Standards
Consider new ways to solve ITS issues

Specify API Software for System and Equipment Procurements
Discuss How ATC 5401 Fits in the Systems Life Cycle
Develop Migration Strategies and Mitigate Deployment Issues
Creating a Specification Based on the ATC 5401 Standard
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Learning Objective #1 – Identify the 
Features of the ATC 5401 Application 
Programming Interface (API) Standard 

 Sharing resources of the controller and transportation 
field cabinet system 

 Structure of the ATC 5401 Standard 

 Features for API Software 

Presenter
Presentation Notes
Key message:  Within this learning objective we will be covering the following items…  Speak briefly to each point.  
Understand the short limits of older architectures.
Discuss the structure and composition of the standard
Discuss the features identified in the standard.




12 

Learning Objective #1  

Uses for ATC Controller Units Identified 
 Traffic Signal Control/Traffic Management 
 Transit/Light Rail Priority 
 Emergency Management 
 Lane Use 
 Red Light Enforcement 
 Speed Monitoring/Enforcement 
 Access Control 
 Advanced Traveler Information Systems (ATIS) 
 Data Collection Systems / Data Distribution 
 Connected Vehicle (CV) Applications 

 Safety 
 Eco Driving 

Presenter
Presentation Notes
Key message:  Within this learning objective we will be covering the following items…  Speak briefly to each point.  
Traffic Signal Control – We will discuss this further in the next learning objective.
Transit / Light Rail Priority – Related to Traffic Signal Control.  It modifies normal traffic signal operation to prioritize public transportation.
Emergency Management – Related both to Traffic Signal Control. May alter signal timings, lane use signs, initiate alerts to ATIS systems during an emergency.
Lane Use – Sign and barrier control based on time of day.
Red Light Enforcement – Provides the trigger for cameras.
Speed Monitoring / Enforcement – Provides the trigger for cameras.
Access Control – Parking/structure access
Advanced Traveler Information Systems – Provides raw data (volume, occupancy, speed, etc.) that is turned into congestion information, route planning, etc.
Data Collection Systems / Data Distribution – May be more than just sharing for ATIS
Connected Vehicle Applications – Provides signal phase and timing information for vehicle safety applications, eco driving etc.  Provide probe data and many other applications.
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Sharing Resources of the Controller and 
Transportation Field Cabinet System (TFCS) 

Learning Objective #1  

Housing

Controller

Inputs

Monitoring

Outputs

( Int Comm Bus )

Power Supply

Graphics: Ralph W. Boaz 

Presenter
Presentation Notes
Key message:  There are numerous sizes, arrangements, terminology and levels of functionality of transportation field cabinet systems.  This is an abstract representation of the key elements.  We will discuss the inputs, controller, outputs, monitoring in the next slide.  The cabinet power supply provides 24 and 12 volt power for the devices within the cabinet.  Cabinet power supply is not used for powering the field displays.  An internal bus is used to connect the elements of the cabinet. More contemporary cabinets are called “serial cabinets” because they use serial-based communications between the elements of the cabinet.  Earlier standards are called “parallel cabinets” because they use discrete electrical wiring between the elements of the cabinet.




Monitoring 
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Learning Objective #1  

Basic TFCS Operation 

Outputs 

Controller 

Inputs 

Field Sensors 

Field Displays 

Controller/Monitor 
Communications 

Used in NEMA TS 2 
and ITS Cabinets 

Graphics: Ralph W. Boaz 

Presenter
Presentation Notes
Key message: 
Field sensors detect vehicles in the street. These detections are converted to an input or inputs within the cabinet.  Each input provides an on/off state which is mapped to a turning movement (phase) within the controller.
The controller determines which phases needs service and safely transitions the intersection to accommodate the vehicles by sending the display states to the outputs of the cabinet.
The outputs are “load switches” or “switch packs” which control power (typically 120 Volts AC) to the bulbs or LEDs of the signals.
Monitoring insures that the outputs are not in conflicting state and performs other health functions within the cabinet. If the cabinet is not operating properly, the cabinet is put into a flash condition by the monitor.
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Learning Objective #1   

Sharing Resources of the Controller and 
TFCS 

Other
Applications

Intersection Control

ONE VEHICLE
PER GREEN

Ramp Metering

Connected Vehicle V2I

Graphics: Ralph W. Boaz 

Presenter
Presentation Notes
Key message: The API allows sharing the inputs, controller, outputs and monitoring of the TFCS so that multiple applications can run concurrently on the controller.  Shown are an intersection control application, a ramp meting application, and a connected vehicle application.  Many other applications could be running as well.  The API provides a front panel manager window to allow users to switch between the application programs running on a single ATC controller unit.



Presenter
Presentation Notes
Narrated by Nicola for Web pilot:
This is an interactive presentation. Throughout the presentation there will be pop-up quizzes requiring your input. The presentation lecture will pause at each activity. Use your computer mouse to select your answer on the screen. There is only one correct answer. You will receive instant feedback from your answer choice.
Please help us make even more improvements to our training modules by completing the post-course feedback form.





Learning Objective #1   

a) Outputs 
b) Inputs 
c) Controller 
d) Power 

Which of the following elements of the 
TFCS is not shared by API Software? 

Answer Choices 
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Presenter
Presentation Notes
Key Message: Test the participants understanding of the purpose of the API Software.



Learning Objective #1   

Review of answers 

a) Outputs 
Incorrect. API Software allows application programs to share the 
output devices of the TFCS. 
b) Inputs 
Incorrect. API Software allows application programs to share the input 
devices of the TFCS. 
c) Controller 
Incorrect. API Software allows application programs to share the 
controller unit of the TFCS. 
d) Power 
Correct. API Software has nothing to do with the distribution of 
power within the cabinet. The fourth element shared is 
Monitoring. 

18 
 

Presenter
Presentation Notes
The instructor will continue with the recording by displaying and explaining the rationale for answers correctness/incorrectness.
Use animation
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Structure of the ATC 5401 Standard 

 Section 1 Introduction 

 Section 2 Overall Description 

 Section 3 Specific Requirements 

 Section 4 Application Programming Interface 

 Appendices 

 Index 

Learning Objective #1   

Presenter
Presentation Notes
Key message:  Describe parts of standard.  The standard is an adaptation of IEEE Recommended Practice for Software Requirements Specifications, IEEE Std 830-1998.  A system engineering process was used in the development of this standard.
Introduction – Purpose; Scope; Definitions, Acronyms and Abbreviations; References, Overview.
Overall Description – Product Perspective; Product Features; User Characteristics; Constraints; Assumptions and Dependencies; Apportioning of Requirements.  The Overall Description section is a concept of operations with User Needs identified.
Specific Requirements – Organized by API Manager Requirements, API Utility Requirements, Performance Requirements, Design Constraints, and Software System Attributes.
Application Programming Interface – C Language Function Calls documented in the same fashion as Linux “Man” Pages.   This section represents the design of the interface.
Appendices – Traceability Matrix; Code Examples; Standard Directory Structure and File Naming Conventions; and Statement on API Reference Implementation.
Index
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Clarification of Terms 

 ATC 5401 Standard (aka API Standard) specifies 
software (aka API Software or “the API”) 

 API Software operates on ATC controller units allowing 
application programs to share the resources of the 
TFCS 

Learning Objective #1   

Presenter
Presentation Notes
Key message:  Read through point on slide.  Generally, in this module, we will be talking about the features and attributes of the software. When referencing the standard specifically, it will be so indicated. 
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Two Types of Users of API Software 

 Operational Users 
 Technicians or transportation engineers that use 

application programs that run on controllers to perform 
their operational tasks 

 User Developers 
 Software developers that design and develop 

application programs for ATC equipment 

Learning Objective #1   

Presenter
Presentation Notes
Key message: 
Operational Users – Typically have technician, IT, or civil engineering backgrounds.
User Developers – Typically have software, computer, or electrical engineering backgrounds.
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Two Types of Interfaces Provided by 
API Software 

 User Interfaces  
 Interfaces defined for Operational Users so that multiple 

programs can run concurrently on a ATC controller unit 

 Software Interfaces  
 C language function calls that allow User Developers to 

create application programs that share the resources of 
a TFCS 

Learning Objective #1   

Presenter
Presentation Notes
Key message: 
User Interfaces – Switching between the user interfaces between application programs and having a common place for system-wide settings of the controller unit
Software Interfaces – Provides Portability, Compatibility, and Interchangeability of application software which will be discussed later in the module.
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ATC 5401 Sections of Interest to 
Operational Users 

Learning Objective #1   

 Section 1 Introduction 

 Section 2 Overall Description 

 Section 3 Specific Requirements 

 Section 4 Application Programming Interface 

 Appendices 

 Index 
Sections of interest to 

Operational Users 

Presenter
Presentation Notes
Key message: 
Operational users will find these sections of the standard helpful.  User Developers will use the entire standard.
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Features for API Software 

 Front Panel Management 

 Field Input/Output (I/O) Management 

 Real-Time Clock 

 API Utilities 

Learning Objective #1   

Presenter
Presentation Notes
Key message:  
Front Panel Management – How we share the controller’s display and keyboard.
Field I/O – Sharing the input, output and monitoring capabilities of the TFCS.
API Utilities – Things like time, network settings, Linux and API Software information, other system-wide services and utility programs.
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Front Panel Management 
 Front Panel Manager Window 

 C function interface 

 Application programs able to use dedicated window(s) 

 Operational Users interact with window/application  
program in “focus” 

 “Default Window” is the window that has focus when the 
controller unit is powered up 

 Works with screen sizes up to 24 lines x 80 characters 

 Screen and keypad defined by the ATC 5201 Standard 

Learning Objective #1   

Presenter
Presentation Notes
Key message:  
Provides a Operational User interface that can support application programs that are running concurrently
Provides the software function that allow application programs to use the controller screen in a shared manner.
Application programs reserve windows for use as their user interface.
When an application’s window is in displayed on the controller screen it is said to be in “focus.”
This is changeable to any application that has a window.
Adaptable screen sizes.
The hardware is defined in ATC 5201 Standard.
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ATC Controller Minimum Keypad 

Learning Objective #1   

Photo: Ralph W. Boaz 

Presenter
Presentation Notes
Key message:  Review the keys.  Vendors can supply additional keys with special purposes.
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Front Panel Manager Window 

Learning Objective #1   

[Application programs shown are for example purposes only and not included in API Software] 

Graphics: Ralph W. Boaz 

F R O N T  P A N E L   M A N A G E R V E R 1 . 0 0
S E L E C T  W I N D O W : 0 - F S E T D E F A U L T : * , 0 - F
0 R a m p  M e t e r P r g r m 1 * S i g n a l P r o g r a m
2 E m e r g e n c y M n g m n t 3 D a t a D i s t r i b u t o r
4 S y s t e m C h e c k e r 5
6 7
8 9

[ M O R E - U P / D N A R R O W ] [ C O N F I G I N F O - N E X T ]

Presenter
Presentation Notes
Key message:  
Describe use of the Front Panel Manager Window.  Shown are four application programs running on this controller.  Operational users put the program they wish to interact with by putting it in “focus.”
If the Operational User has not set the default window, the Front Panel Manager Window shall be the default window.
The default window shall be settable by the Operational User from the Front Panel Manager Window by pressing {*,[0-F],<ENT>}.
The Operational User shall be capable of setting the default window to the Front Panel Manager Window by pressing {*,<ENT>} from the Front Panel Manager Window.
The default window shall be designated by a star “*” character next to the window number.
The Operational User shall be able to put the Front Panel Manager Window in focus by pressing {**,<ESC>} from the keypad on the controller’s Front Panel regardless of the application program in operation. The Operational User shall be able to enter {**} by pressing an asterisk (*) twice within a 1.0 second time period. If the {**} sequence is not completed within the 1.0 second time period or if the {**} sequence is not followed by <ESC> character within a 1.0 second time period, then the characters shall be interpreted as individual “*” characters.
The Operational User shall have the capability to put a window in focus that is assigned to an application program by pressing {[0-F]} from the Front Panel Manager Window.
The only possible window selections for focus from the Front Panel Manager Window shall be itself, the ATC Configuration Window, or a window assigned to an application program.
If the Front Panel Manager Window is the default window, no asterisk shall be displayed next to any application name in the Front Panel Manager Window.
The Operational User shall be able to put the ATC Configuration Window in focus by pressing {<NEXT>} in the Front Panel Manager Window.
The top two lines and bottom line of the Front Panel Manager Window shall be fixed as shown in Figure 7.
The number of lines between the second line and bottom lines used for displaying window names shall vary according to the size of the ATC display.
The Operational User shall be able to scroll up and down the names of the windows in the Front Panel Manager Window one line at a time using the up and down arrow keys of the controller keypad.
The Operational User shall have the capability to put a window in focus that is assigned to an application program by pressing {**,[0-F]} from the keypad on the controller’s Front Panel regardless of the application program in operation.
If the Operational User attempts to put a window in focus that that does not have an application window assigned either by pressing {[0-F]} while the Front Panel Manager Window is in focus or {**,[0-F]} while any other window is in focus, the API shall activate the bell of the controller unit (see Section 7.1.4 of the ATC Controller Standard) and the {[0-F]} or {**,[0-F]} shall be ignored.  If the user presses any key that is undefined in the context of the Front Panel Manager Window, the API shall activate the bell of the controller unit and the key shall be ignored.
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Example Application Programs 

Learning Objective #1   

[Application programs shown are for example purposes only and not included in API Software] 

R A M P  M E T E R  C O N T R O L

1 . M e t e r e d  L a n e s 6 . T i m e  o f  D a y
2 . M a i n l i n e 7 . C o m m u n i c a t i o n s
3 . A d d t n l  D e t e c t 8 . G e n e r a l
4 . T r a f f R e s p P l n s 9 . U t i l i t i e s
5 . C o m m a n d S o u r c e A . S t a t u s

Graphics: Ralph W. Boaz 

Presenter
Presentation Notes
Key message:  Example program for ramp meter control.





29 

Example Application Programs (cont.) 

Learning Objective #1   

[Application programs shown are for example purposes only and not included in API Software] 

I N T E R S E C T I O N  C O N T R O L

1 . T I M I N G D A T A 6 . S T A R T / F L A S H D A T A
2 . P H O V L P A S S I G N 7 . N O S E R V E P H A S E S
3 . P E D C A R R Y O V E R 8 . D I M M I N G
4 . R E C A L L D A T A 9 . O P T I O N D A T A
5 . O V E R L A P D A T A

P R E S S K E Y S  1 . . 9 T O S E L E C T F = H E L P

Graphics: Ralph W. Boaz 

Presenter
Presentation Notes
Key message:  Example program for intersection control.
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Example Application Programs (cont.) 

Learning Objective #1   

[Application programs shown are for example purposes only and not included in API Software] 

Graphics: Ralph W. Boaz 

E M E R G E N C Y M A N A G E M E N T O P E R A T I O N S

1 . L o c a l O p e r a t i o n s
2 . R e g i o n a l O p e r a t i o n s
3 . E v a c u a t i o n R o u t i n g P l a n N o r t h 1
4 . E v a c u a t i o n R o u t i n g P l a n E a s t 1
5 . E v a c u a t i o n R o u t i n g P l a n S o u t h 1

[ M O R E ]

Presenter
Presentation Notes
Key message:  Example program which sets the parameters on a radiation detector.
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C Function Interface for Front Panel 
Management 

 General Functions 
 Open, Close, Refresh, Clear Windows 

 Window Attribute Functions 
 Character Blink, Backlight, Reverse Video, Underline, 

Auto Wrap, Scrolling 

 Read Functions 
 Poll for Input, Read Character, Read String 

 Write Functions 
 Write Character, Write String, Write at Position 

Learning Objective #1   

Presenter
Presentation Notes
Key message: This is a summary (not an exhaustive list) of the functions available to user developers to build application programs that use the front panel of the controller. 




Presenter
Presentation Notes
Narrated by Nicola for Web pilot:
This is an interactive presentation. Throughout the presentation there will be pop-up quizzes requiring your input. The presentation lecture will pause at each activity. Use your computer mouse to select your answer on the screen. There is only one correct answer. You will receive instant feedback from your answer choice.
Please help us make even more improvements to our training modules by completing the post-course feedback form.





Learning Objective #1   

a) The Default Window is always position [1] on the 
Front Panel Manager Window 

b) An Intersection Control window comes standard with 
the API Software 

c) Pressing {**,<ESC>} causes the Front Panel 
Manager Window to be put in focus 

d) The Front Panel Manager is designed for an 8 line 
display only 

Which of the following statements is TRUE 
regarding the operation of the Front Panel 
Manager Window? 
Answer Choices 
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Presenter
Presentation Notes
Key Message: Test the participants understanding of how the Front Panel Manager Window.



Learning Objective #1   Review of answers 
a) The Default Window is always position [0] on the front panel 

manager window 
Incorrect. The Default Window is user selectable by pressing 
{*,[0‐F],<ENT>} while in the Front Panel Manager Window. 
b)  An Intersection Control Window comes standard with API Software 
Incorrect. API Software is defined by the ATC 5401 Standard which 
does not contain specifications for an Intersection Control Window. 
c) Pressing {**,<ESC>} causes the Front Panel Manager Window to 

be put in focus 
Correct. This action works regardless of the window that is in 
focus at the time. 
d) The Front Panel Manager is designed for an 8 line display only 
Incorrect. The Front Panel Manager will work with various size 
controller screens. 

34 
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Field Input/Output (I/O) Management 

 C function interface only 

 Facilitates application programs to be written so they 
operate in the various TFCS architectures 
 Caltrans 332-Type Cabinets 
 NEMA TS 1, TS 2 Type 1, TS 2 Type 2 Cabinets 
 ITS Cabinets 

 Application programs able to query the API to determine 
what types of devices are used in the TFCS 

Learning Objective #1   

Presenter
Presentation Notes
Key message:  This is a summary (not an exhaustive list) of the functions available to user developers to build application programs that use the field input and output elements of the controller and TFCS. 
C function interface.  No user interface.
Provides the application software interface to input, output and monitoring capabilities of the TFCS.
Application programs can understand the system they are in and change their operation accordingly.  Provides for compatibility, portability, and interchangeability.
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Field Input/Output (I/O) Management 
(cont.) 

 Application programs “register” to access a Field I/O device 

 Application programs have “read access” to all input and 
output field devices 

 Application programs “reserve” exclusive “write access” to 
output points of a Field I/O Device 

Learning Objective #1   

Presenter
Presentation Notes
Key message:  
Application programs “register” with the API Software for access with Field I/O devices.  Program says I want to work with this device. Includes Field Inputs, Field Outputs and Signal Monitor Units.
Application programs “reserve” exclusive “write access.”  I want to control this set of outputs.
All programs can read the inputs and outputs.
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Application Programs Reserving Outputs 
Learning Objective #1  

Graphics: Ralph W. Boaz 

F R O N T  P A N E L   M A N A G E R V E R 1 . 0 0
S E L E C T  W I N D O W : 0 - F S E T D E F A U L T : * , 0 - F
0 R a m p  M e t e r P r g r m 1 * S i g n a l P r o g r a m
2 E m e r g e n c y M n g m n t 3 D a t a D i s t r i b u t o r
4 S y s t e m C h e c k e r 5
6 7
8 9

[ M O R E - U P / D N A R R O W ] [ C O N F I G I N F O - N E X T ]

A
M

U
SI

U

SI
U

SI
U

SI
U

SI
U

AM
U

AM
U

C
M

U

OUTPUT CAGE

OUTPUT CAGE

INPUT CAGE

CONTROLLER

PWR DISTRIBUTION 
ASSEMBLY

INPUT CAGE

Presenter
Presentation Notes
Key message:   A graphic representation of an ITS Cabinet is shown with controller on top, followed by two input racks, followed by a power distribution assembly, followed by two output racks.  We won’t go into the smaller devices for sake of time.  Using non-ATC 5201 controllers only one program would run in this TFCS.  In this case, a single application program would use all of the inputs and control all of the outputs (load switches) that power field displays and other devices in the street.  Using ATC 5201 and software that conforms to the ATC 5401 Standard we can do a lot more.  The API Software provides the ability to run multiple programs concurrently on the controller and share the resources of the TFCS.

Animation sequence to follow the introduction above.
Click 1 – This illustrates the front screen of the controller.  The API provides a windowing system to allow various application programs to share the front panel.  Users can select the program they wish to interface with through a Front Panel Manager.  Shown are three applications running: a camera controller, a traffic signal program and a program that controls a radiation detection device.
Click 2 – This is a blow-up of the output rack of the ITS Cabinet. The gray rectangles represent the load switches that can be manipulated by the controller to power devices in the street.
Clicks 3,4,5 – Using the API software, application programmers can write programs that can assign field outputs to particular programs. Instead of only one program operating the cabinet, we have three (in this case), and all of them are able to interact with devices in the street through the load switches of the cabinet.

The API software will provide this capability for ATC controller units operating in any of the major TFCS architectures in use today.
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C Function Interface for Field I/O 
Management 
 General Functions 

 Register/Deregister, Enable/Disable Field I/O, Get/Reset 
Field I/O Status 

 Input Configuration Functions 
 Get Field Inputs, Get/Set Input Filter 

 Output Configuration Functions 
 Set/Get Field Output Reservations, Set/Get Field Outputs 

 Frame Functions 
 Set/Get Frame Schedule, Read/Write Frames 

 Transition Buffer Functions 
 Set/Get/Read Transition Buffer 

 

Learning Objective #1   

Presenter
Presentation Notes
Key message: This is a summary (not an exhaustive list) of the functions available to user developers to build application programs that communicate to the Field I/O elements of the TFCS. 
General Functions
Register/Deregister – Used to register/deregister the calling application program from using all FIO API services.
Enable/Disable Field I/O – Enable/disable communications to a field I/O device
Get/Reset Field I/O Status – Get the status or reset the status bits of a field I/O device
Input Configuration Functions
Get Field Inputs – Gets the values from the field inputs.
Get/Set Input Filter – Supports the ability to put thresholds on detectors
Output Configuration Functions
Functions used for operations with Field Output Devices
Frame Functions
Functions used to set the rates for reading and writing message frames
Transition Buffer Functions
Transition buffer keeps a record of the number of changes in states of each input.
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C Function Interface for Field I/O 
Management (cont.) 

 Watchdog/Health Monitor Functions 
 Watchdog Register/Deregister, Watchdog Set/Get 

Reservation, Health Monitor Register/Deregister, Health 
Monitor Heartbeat, Health Monitor Reset 

 Fault/Volt Monitor Functions 
 Set/Get Volt Monitor 

 CMU/MMU/Channel Functions 
 Set/Get Faults, Channel Mapping 

Learning Objective #1   

Presenter
Presentation Notes
Key message: This is a summary (not an exhaustive list) of the functions available to user developers to build application programs that communicate to the Field I/O elements of the TFCS. 

Watchdog/Health Monitor Functions
Watchdog functions used to verify that a Field I/O Devices are operational.  Health Monitor functions used to verify that application programs are operational.
Fault/Volt Monitor Functions
Functions that monitor proper voltages as indicated by the signal monitor unit of the TFCS.
CMU/MMU/Channel Functions
Functions that assign and check the status of the channels of the signal monitor as they are assigned to the load switches in the cabinet.
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C Function Interface for Real-Time Clock 
Management 

 Set/Get Time Functions 
 

 Daylight Saving Time (DST) Functions 
 

 Time Source and Signaling Functions 

Learning Objective #1   

Presenter
Presentation Notes
Key message: This is a summary (not an exhaustive list) of the functions available to user developers to build application programs that use the RTC of the controller. 



Presenter
Presentation Notes
Narrated by Nicola for Web pilot:
This is an interactive presentation. Throughout the presentation there will be pop-up quizzes requiring your input. The presentation lecture will pause at each activity. Use your computer mouse to select your answer on the screen. There is only one correct answer. You will receive instant feedback from your answer choice.
Please help us make even more improvements to our training modules by completing the post-course feedback form.





Learning Objective #1   

a) All application programs may have read access to all 
of the input points 

b) All application programs may have write access to all 
of the input points 

c) All application programs may have write access to all 
of the output points 

d) Application programs must communicate with each 
other to avoid writing to the same output points 

Which of the following is TRUE in regards 
to the Field I/O Management of API 
Software? 
Answer Choices 
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Presenter
Presentation Notes
Key Message: Test the participants understanding of Field I/O management.



Learning Objective #1  

Review of Answers 
a) All application programs may have read access to all of the input 

points 
Correct. There are no restrictions on applications reading input 
points. 
b) All application programs may have write access to all of the input 

points 
Incorrect. No application program has write access to input points. 
c) All application programs may have write access to all of the 

output points 
Incorrect. Application programs must reserve exclusive write access 
to modify an output point. 
d)  Application programs must communicate with each other to 

avoid writing to the same output points 
Incorrect. The reservation system used by API Software makes 
communication unnecessary for this purpose. 

43 



44 

API Utilities 
 ATC Configuration Window 

 Standard Utilities 
 Setting System Time 
 Setting Ethernet Ports 
 Selecting System Services 
 Getting Linux and API information 
 Viewing Host EEPROM Information 

 Extensible so additional utilities may be added 

 Utilities differ from application programs 

 C function interface 

Learning Objective #1   

Presenter
Presentation Notes
Key message:  
Provides the Operational User Interface for setting system wide parameters. Concept similar to the Control Panel on MS Windows computers.
ATC 5401 Standard defines five utilities that are always to be available in API Software
Programmatic “Hooks” provided to allow user developers to create additional utilities. Example connecting to Bluetooth devices.
Unlike application programs, utilities tend to be more generic and apply to the entire system. When executed, they run to completion. This differs from application programs that are more likely to run continuously on the controller.
Provides the application software interface for running standard system utilities and allowing others to be added.
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ATC Configuration Window 

Learning Objective #1   

A T C C O N F I G U R A T I O N I N F O R M A T I O N
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0 S y s t e m T i m e 1 E t h e r n e t C o n f i g
2 S y s t e m S e r v i c e s 3 L i n u x / A P I I n f o
4 H o s t E E P R O M I n f o 5
6 7
8 9
[ U P / D N A R R O W ] [ F R O N T P A N E L - N E X T ]

Graphics: Ralph W. Boaz 

Presenter
Presentation Notes
Key message:  
Describe use of the ATC Configuration Window.  “Get here” by pushing the “Next” key in the Front Panel Manager Window discussed earlier.

Utilities differentiate from application programs in that they are used for setting or viewing system types of things and the interfaces to them run and then quit when completed.

There are five utilities that come standard with API Software: System Time, Ethernet Configuration, Enabling/Disabling System Services, Getting information on Linux or the API Software on the controller unit, displaying the Host EEPROM information.
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System Time Utility 

Learning Objective #1   

Graphics: Ralph W. Boaz
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Presenter
Presentation Notes
Key message: This utility allows the operational user to set the system time from the front panel.
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Ethernet Configuration Utility 

Learning Objective #1   

Graphics: Ralph W. Boaz
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Presenter
Presentation Notes
Key message:  This utility allows the operational user to set up and check the status of the Ethernet ports.  There are more attributes (not shown) that can be scrolled to using the arrow buttons.
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Systems Services Utility 

Learning Objective #1   

Graphics: Ralph W. Boaz
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Presenter
Presentation Notes
Key message:  This utility allows the operational user to enable or disable system services. System services are items that run in the background under special control by the Linux operating system.  Note there are two examples listed here: a Bluetooth communications service and a service that continually sends signal phase and timing information.  The underlying communications is considered a service.  A utility would be used to set the parameters as discussed earlier.
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C Function Interface for API Utilities 

 General Functions – Open/Close Configuration Window, 
Reserve/Release Resource 

 Time of Day Functions – Set/Get Time, Set/Get DST, Time 
Source Selection 

 “ATCConfigurationMenu.txt" file for adding utilities to ATC 
Configuration Window 

configitemname1, executablepathname1 
configitemname2, executablepathname2 
configitemname3, executablepathname3 
configitemname4, executablepathname4 

Learning Objective #1   

Presenter
Presentation Notes
Key message: This is a summary (not an exhaustive list) of the functions available to user developers to build utilities within for ATC Controller Units. 
General Functions
Allows a utility program to grab the Configuration Window for its use and release it when it is done.
Time of Day Functions
Used to set/get and manager the RTC.
ATCConfigurationMenu.txt file allows user developers to add utilities to the ATC Configuration Window.
Shown is the format of the ATCConfigurationMenu.txt file.
The software developer creates a name for his configuration utility program (configitemname) and puts in the left column. He/she puts the location of the associated pathname for the program (executablepathname) in the right column.  The API software will automatically add the configitemname to the ATC Configuration Window and when it is selected, will execute the file referred to by the executablepathname.




Presenter
Presentation Notes
Narrated by Nicola for Web pilot:
This is an interactive presentation. Throughout the presentation there will be pop-up quizzes requiring your input. The presentation lecture will pause at each activity. Use your computer mouse to select your answer on the screen. There is only one correct answer. You will receive instant feedback from your answer choice.
Please help us make even more improvements to our training modules by completing the post-course feedback form.





Learning Objective #1   

a) Ethernet Configuration 
b) Bluetooth  Configuration 
c) Linux/API Information 
d) System Time 

Which of the following is not a standard 
utility provided in API Software? 

Answer Choices 
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Presenter
Presentation Notes
Key Message: Test the participants understanding of the features of ATC Software utilities.



Learning Objective #1 

Review of answers 
a) Ethernet Configuration 
Incorrect. Ethernet is a standard utility allowing Operational Users to 
set the Ethernet ports of the controller. 
b) Bluetooth Configuration 
Correct. There is no utility for Bluetooth communications 
currently in the API Software. A utility could be created and 
added for Bluetooth, however. 
c) Linux and API Information 
Incorrect. Linux/API information is a standard utility in API Software 
allowing Operational Users to get information on the Linux Board 
Support Package and the API Software libraries. 
d) System Time 
Incorrect. Setting system time is a standard utility in API Software 
allowing Operational Users to set the time.  
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Summary of Learning Objective #1 

Identify the features of the ATC 5401 Application 
Programming Interface (API) Standard 

 Sharing Resources of the Controller and 
Transportation Field Cabinet System 

 Structure of the ATC 5401 Standard 

 Features for API Software 

53 

Presenter
Presentation Notes
Key Message: Within this learning objective we learned about the following items…  Speak briefly to each point. 
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Learning Objective #2 – Describe the ATC 
5401 Architecture 

 Key Elements of the ATC 5401 Architecture 

 Describe How the ATC 5401 Standard and ATC 5201 
Standard Work Together 

 ATC Software Portability, Compatibility and 
Interchangeability 

Presenter
Presentation Notes
Key message:  Within this learning objective we will be covering the following items…  Speak briefly to each point.  
Key Elements of the ATC 5401 Architecture
Describe How the ATC 5401 Standard and ATC 5201 Standard Work Together
ATC Software Portability, Compatibility and Interchangeability
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Key Elements of the ATC 5401 Architecture 

 Based on an “Engine Board” concept specified in ATC 5201 

 Uses Linux operating system 
 Open source, multi‐process, multi‐application 

 Allows multiple application programs to operate 
concurrently ATC controller units 

 Shares resources of the front panel, field I/O elements of 
the TFCS, and the real‐time clock 

 Source code portability, compatibility and interchangeability 
for application programs 

Learning Objective #2  

Presenter
Presentation Notes
Key message:  Cover key elements of the architecture.
Engine Board – The core computational capability of an ATC controller unit.
Linux Operating System – Maintained for free by a worldwide community.  Free run time licenses.
Multi-application – Multi-purposed field computer.
Works with TFCSs – This is critical to upgrading agency infrastructures in a cost effective manner.
Source code portability, compatibility and interoperability. Source code portability means that the application software needs to be compiled for the ATC engine board it is to run on.
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ATC Engine Board 

Learning Objective #2  
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Graphics: Ralph W. Boaz

Presenter
Presentation Notes
Key message:  Describe Engine Board components.
ENET 1/2 - Ethernet Ports 1 and 2
RTC– Real-Time Clock
CPU + Linux O/S – Central Processing Unit running a Linux Operating System
USB – Port Used for File Transfer Only
Memory – Static RAM (SRAM) and Dynamic RAM (DRAM)
Serial I/O – 7 Board Level Serial Ports.  Some reserved for special uses others general purposes and connected to serial ports that extend to external connectors.
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Example Engine Board 

Learning Objective #2  

USB SRAM 

Flash 
Memory 

DRAM 
ENET 1&2 

Serial I/O 

CPU 

RTC 

Presenter
Presentation Notes
Key message: Example Engine Board.
Animation:  Step through key components.  Using <MouseClick>.
CPU (Central Processing Unit) – Runs the Linux O/S and application programs.
Memory – Made up of three types.
DRAM (Dynamic Random Access Memory) – Typical computer memory.
SRAM (Static Random Access Memory) – Fast access memory that retains data as long as power is supplied.  Think of Cache memory on a PC.
Flash Memory – Memory that retains data without power.  Think memory cards, USB flash drives, and solid-state drives.
RTC (Real-Time Clock)
ENET 1&2 – Ethernet ports 1 and 2.  Some vendors add an Ethernet Switch to their Host Modules in order to add more physical plugs to their controller units.
Serial I/O – Extra chip to add compliment the serial ports resident in the CPU.
USB (Universal Serial Bus) – USB is used on an ATC for memory devices only.
Note: You can see the connection points of the two fifty pin connectors that are used to connect the Engine Board to the Host Module.
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ATC Layered S/W Architecture 

Learning Objective #2  

Graphics: Ralph W. Boaz 
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Presenter
Presentation Notes
Key message: Step through layered architecture (start from the bottom) which includes API Software Layer between the ATC BSP Layer and the Application Layer.  Application programs use the software defined by the ATC 5401 Standard so that they can share the resources of the TFCS: the Front Panel, the Field Input/Output and the Real-Time clock. There is a project being started to provide a reference implementation of this software for industry use.
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API Software manages access to Front 
Panel, Field I/O Ports, and Real-Time Clock 

Learning Objective #2  

ENGINE 
BOARD 

CONSOLE 

SERIAL PORT 1 

SERIAL PORT 2 

SERIAL PORT 3 

USB MEM DEV 

ETHERNET 1 

ETHERNET 2 

DATAKEY 

TO
 H

O
ST

 M
O

D
U

LE
 TO

 H
O

ST M
O

D
U

LE 
FIELD I/O DEV 1 

FIELD I/O DEV 2 

FRONT PANEL 

FIELD I/O DEV 1 

FIELD I/O DEV 2 

FRONT PANEL 

Resources managed 
by the API RTC 

Graphics: Ralph W. Boaz 

Presenter
Presentation Notes
Key message:  Recall Engine Board interfaces.
Console – Port used for diagnostic and maintenance purposes.
Serial Ports 1-3 – General purpose can be used for various communications.
Front Panel – Used for the Front Panel and Keypad
Field I/O Dev 1 – Field Input/Output Used for TFCS communications.  These may feed to serial busses of TS 2 and ITS Cabinet architectures or to the parallel interfaces that are part of NEMA TS 1 and Model 3XX architectures.
Field I/O Dev 2 – Theoretically can be used for additional TFCS communications but otherwise used as a general purpose port.
USB Mem Dev – Port used to go to external USB socket.
Datakey – Port for the Datakey non-volatile memory device.  Note – These devices are optional within the standard and the content of the device is proprietary.
Ethernet Ports 1-2 – Go to RJ45 jacks.

Animation – This illustrates the parts of the engine board resources managed by the API.  The API does not really manage the RTC but provides operational user and application access to set the RTC which is normally not available under the Linux O/S. 
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ATC Software Portability, Compatibility and 
Interchangeability 

 The ease with which applications software and data can 
be transferred from one application platform to another 

 Ability to move, with minimal changes, application 
software between computers 

Learning Objective #2 

Portability 

Presenter
Presentation Notes
Key message: Step through points on portability.
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Portability Achieved Through Compiling 
and Linking Software 

Learning Objective #2 

Compiling and Linking Using 
Application Source Code and

API Software Libraries

Application Software
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Graphics: Ralph W. Boaz 

Presenter
Presentation Notes
Key message: Graphic illustration on Application portability.  Portability is not like a PC where the executable files can be used directly on any machine.  Because ATC 5201 standard does not define a specific processor there is no way to insure this.  Instead we say it has source code portability where application developers can compile and link their software for the specific engine board before providing to the customer.
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ATC Software Portability, Compatibility and 
Interchangeability 

 Two or more systems or components perform their 
required functions while sharing the same environment 

 The two components (or systems) do not need to 
communicate with each other  

Learning Objective #2 

Compatibility 

Presenter
Presentation Notes
Key message: Step through points on compatibility.

When talking about software, we are talking about the multiple application programs being able to work independently on the same controller unit.
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Compatibility Achieved Through Linux O/S 
and API Software 

Learning Objective #2 
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Presenter
Presentation Notes
Key message: Graphic illustration on Application com

The API software provides for the sharing of the controller front panel, real-time clock and field I/O devices of the TFCS.
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ATC Software Portability, Compatibility and 
Interchangeability 

 Same functional and physical characteristics so as to be 
equivalent in performance and durability (subjective) 

 Ability to exchange devices of the same type without 
alteration to the device or adjoining items 
(adjustments permitted, subjective) 

Learning Objective #2  

Interchangeability 

Presenter
Presentation Notes
Key message: Step through points on Application interchangeability. Here we are talking about software of the same type from different vendors being interchangeable.

Bullet 1 – This is subjective because vendors may argue about their performance and or features being superior to others. 

Bullet 2 – In other words, we are not changing any central software, we use common functions, and don’t have to change other software on the controller. Adjustments are allowed – we may have to configure the software, etc.  To the degree that an end user thinks two software products are interchangeable is subject to the end user’s opinion.
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Interchangeability Possible If Application 
Features Are Equivalent 

Learning Objective #2  

Graphics: Ralph W. Boaz 
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Presenter
Presentation Notes
Key message: Graphic illustration on Application interchangeability.

To understand interchangeability consider internet browsers used on common personal computers.  In one sense, Microsoft Internet Explorer and Mozilla Firefox may be considered interchangeable because they both perform the same basic function of browsing the internet.  Fans of either product would staunchly disagree that their product could be replaced by the other.




Presenter
Presentation Notes
Narrated by Nicola for Web pilot:
This is an interactive presentation. Throughout the presentation there will be pop-up quizzes requiring your input. The presentation lecture will pause at each activity. Use your computer mouse to select your answer on the screen. There is only one correct answer. You will receive instant feedback from your answer choice.
Please help us make even more improvements to our training modules by completing the post-course feedback form.





Learning Objective #2   

a) Front Panel Port 
b) Real‐Time Clock 
c) General Purpose Serial I/O Ports 
d) Field I/O Ports 

Which of following parts of the ATC Engine 
Board is not managed by API Software? 

Answer Choices 
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Presenter
Presentation Notes
Key Message: Test the participants understanding of how API Software works with the ATC Engine Board.




Learning Objective #2   Review of answers 
a) Front Panel Port 
Incorrect. API Software controls the front panel port providing a 
windowing capability for application programs. 
b)  Real‐Time Clock 
Incorrect. API Software a System Time Utility and clock functions to 
allow  users and application programs to set the real-time clock.  
c) General Purpose Serial I/O Ports 
Correct. Use of the general purpose serial ports is controlled by 
Linux not the API Software. 
d) Field I/O Ports 
Incorrect. API Software manages the Field I/O ports of the engine 
board. 
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Summary of Learning Objective #2 

Describe the ATC 5401 Architecture 

 Key Elements of the ATC 5401 Architecture 

 Describe How the ATC 5401 Standard and ATC 5201 
Standard Work Together 

 ATC Software Portability, Compatibility and 
Interchangeability 
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Presenter
Presentation Notes
Key Message: Within this learning objective we learned about the following items…  Speak briefly to each point. 

Seed Question:
It was said that the ATC promotes Portable, Compatible and Interchangeable, what about interoperable?
Interoperability is defined as the-
Ability of two or more devices to exchange information and the
Ability to use the information that has been exchanged
Generally, interoperability takes place at the application level.  For instance, one could talk about interoperability of two applications using NTCIP on the same ATC controller.  This is approach is made possible by API software but the API software does not provide the interoperability in the same context.
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Learning Objective #3 – Describe How the 
ATC 5401 Standard Works With Other ITS 
Standards 

 Transportation Field Cabinet Systems 

 ITS Communications Standards 

 Consider New Ways To Solve ITS Issues 

Presenter
Presentation Notes
Key message:  Within this learning objective we will be covering the following items…  Speak briefly to each point.  
Transportation Field Cabinet Systems
ITS Communications Standards
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ATC 5401 Standard Works with all of the 
Major Transportation Field Cabinet Systems 

 ATC 5201 Standard specifies controller units that work 
with Model 332 Cabinets, NEMA TS 1 and TS 2 Type 2 
Cabinets, NEMA TS 2 Type 1 Cabinets and ITS Cabinets 

 API Software provides internal cabinet interfaces suitable 
for all of the major TFCSs 

 Application software can be made portable, compatible, 
and interchangeable to controllers designed for any TFCS 
through compilation with API libraries 

Learning Objective #3 

Presenter
Presentation Notes
Key message: Step through points.
Used in combination with other standards.
Supports for parallel communications used in Model 332 and NEMA TS 1 and TS 2 cabinets. Provides serial communications for NEMA TS 2 and ITS Cabinets.
One body of code – multiple platforms.




72 

ATC 5201 Standard and ATC 5401 Standard 
Provide Computational Power and 
Interfaces for ITS Communications 
 Most TFCSs that use 170 controller units will require 

replacement hardware in order to fully utilize NTCIP 
Actuated Signal Control (ASC) communications 

 ATC standards provide the capability to support multiple 
applications using different  (or same) types of NTCIP 
communications simultaneously 

 ATC standards provide interface and computational 
power for applications such as Adaptive Control and 
Vehicle to Infrastructure (V2I) Integration 

Learning Objective #3 

Presenter
Presentation Notes
Key message: Discuss the points.
Most 170s not powerful enough for NTCIP
The Linux operating system supports multiple network addressing on the ATC controller unit allowing multiple applications to use NTCIP at the same time.
170s already identified as needing replacement for V2I integration.
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ATC Controller Units in Different TFCSs 
Learning Objective #3  

Model 332 Cabinet NEMA TS 2 Type 1

ATC

ATC

Graphics: Ralph W. Boaz

Presenter
Presentation Notes
Key message: Example of an ATC in a 332 cabinet and in a NEMA TS 2 cabinet.  We will use this in our next illustration.




TFCS
Standards &

Specifications
Graphics: Ralph W. Boaz
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ATC 5401 Working With Other ITS Standards  
Learning Objective #3  

ATC 5201 
Standard 
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ATC 5401 
Standard API Software API Software 

NTCIP, Other  
Standards 

Signal Control 
App w/ASC 

Ramp Meter 
App w/RMC 

Field Master 
App w/FMS 

SPAT Message 
Service 

Example Applications 

Presenter
Presentation Notes
Key message: Show how API software leverages the power of standards-based systems.  These TFCSs defined by the Caltrans TEES and NEMA TS 2 Standard respectively.  

These TFCSs defined by the Caltrans TEES and NEMA TS 2 Standard respectively. 
Animated:
The ATC Engine Board and other aspects of the ATC controller are defined by the ATC 5201 Standard.
The API Software residing on the Engine Board is defined by ATC 5401 Standard.
Application programs that use other standards such as NTCIP 1202 Actuated Signal Control, NTCIP 1210,  and NTCIP 1207 Ramp Meter Control.  Other communication standards could be implemented and run using the API software.
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Consider New Ways To Solve ITS Issues 

 Open systems promotes innovation from more sources 

 ATC 5401 Standard is opening up new markets for 3rd 
party software 

 New methods to solve ITS problems 
 Software duplicated in field devices may be able to 

run as applications on an ATC controller 
 Field devices may be more cost effective  
 Custom applications 

 Good system engineering practices essential 

Learning Objective #3 

Presenter
Presentation Notes
Key message: Review points on mitigating deployment issues.
Lower cost of entry for application developers. Broader base of developers.
No longer just Controller Manufacturers writing field application software. 
We will find more off‐the‐shelf solutions and facilitate the development of custom applications.
Really need to focus on the “what” (user needs and requirements) before you focus on the “how” (design approaches).





Presenter
Presentation Notes
Narrated by Nicola for Web pilot:
This is an interactive presentation. Throughout the presentation there will be pop-up quizzes requiring your input. The presentation lecture will pause at each activity. Use your computer mouse to select your answer on the screen. There is only one correct answer. You will receive instant feedback from your answer choice.
Please help us make even more improvements to our training modules by completing the post-course feedback form.





Learning Objective #3   

a) Write the application software so that it uses the ATC 
5401 function calls whenever they are applicable 

b) Compile and link the application source code with API 
libraries 

c) Compile and link the application source code for the 
ATC Engine Board used in each controller 

d) All the above 

What must a User Developer do to make an 
application portable and compatible on two 
different ATC controllers in different TFCS 
architectures? Choose the best answer. 
Answer Choices 
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Presenter
Presentation Notes
Key Message: Test the participants understanding of how to make application programs portable and compatible on ATC controllers.



Learning Objective #3 

Review of answers 
a) Write the application software so that it uses the ATC 5401 

function calls whenever they are applicable 
Incorrect. This is an essential part of making the software portable and 
compatible but there are others. Note that software will also need to 
use function calls appropriate for appropriate TFCS architectures.  
b) Compile and link the application source code with API libraries 
Incorrect. This is an essential part of making the software portable and 
compatible between TFCS architectures but there are others. 
c) Compile and link the application source code for the ATC Engine 

Board used in each controller 
Incorrect. This is an essential part of making the software portable and 
compatible between TFCS architectures but there are others. 
d) All of the above 
Correct. This is the best answer. 
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Summary of Learning Objective #3 

Describe How the ATC 5401 Standard Works With 
Other ITS Standards 

 Transportation Field Cabinet Systems 

 ITS Communications Standards 

 Consider New Ways To Solve ITS Issues 
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Presenter
Presentation Notes
Key Message: Within this learning objective we learned about the following items…  Speak briefly to each point. 
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Learning Objective #4 – Specify API 
Software for System and Equipment 
Procurements 

 Discuss how ATC 5401 fits in the Systems Life Cycle 

 Develop migration strategies and mitigate deployment 
issues 

 Creating a specification based on the ATC 5401 Standard 

Presenter
Presentation Notes
Key message:  Within this learning objective we will be covering the following items…  Speak briefly to each point.  
Discuss How ATC 5401 Fits in the Systems Life Cycle
Develop Migration Strategies and Mitigate Deployment Issues
Creating a Specification Based on the ATC 5401 Standard
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How ATC 5401 Fits in the Systems Life 
Cycle 

 TFCSs (including controllers) can be considered a 
subsystem of a Center-to-Field (C2F) system 

 TFCSs may be in place for multiple C2F systems and 
generations of C2F systems 

 ATC controller units may extend the life of a C2F system 

 Deployment of the ATC 5201 and ATC 5401 standards 
my occur at any stage in the life of a C2F system 

Learning Objective #4 

Presenter
Presentation Notes
Key message: Discuss points on ATC 5401 and the Systems Life Cycle.
Sometimes new TFCSs are installed as part of a system project 
Due to installation costs, a particular TFCS may be in place at an intersection 7-15 years or longer.
Central system software may be upgraded or enhanced over time requiring additional features in the field equipment.  Additional field applications can be installed on the ATC controller without having to change the primary operational software.
Procurements will often accompany a system but, as part of a strategic plan, procurements may come through various types or projects or maintenance efforts.
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 Have a written plan and policy for deploying ATC 
equipment as part of a strategic plan 

 Procurement specifications and procurement process 
must be integrated with the strategic plan 

 Factors that may influence the migration strategy: 
 Working with existing TFCS  
 Moving to new TFCS architectures 
 New projects 
 Scheduled maintenance 
(cont.) 

Learning Objective #4  

Develop Migration Strategies 

Presenter
Presentation Notes
Key message:
A strategic plan is the framework for your equipment needs in the future. Equipment plan should fit.  Make written policies for when and how the migration is to take place. 
Need to plan in specification development and the procurement process.
Step through items and discuss migration influencers.
Working with existing TFCSs.  Don’t need to leap to a new architecture.  Just replace controller.
Possibly NEMA TS 1 users moving to TS 2.  Or, 170 users going to ITS Cabinet.  
What to do when there is a new project.
What to do when there is scheduled maintenance.



83 

Develop Migration Strategies (cont.) 

 Factors that may influence the migration strategy: (cont.) 
 Upgrading to ATC hardware while using an agency’s 

current application software 
 Upgrading to new operational software 
 Compatibility with existing or planned system software 
 Training operational staff 

Learning Objective #4 

Presenter
Presentation Notes
Key message: (cont.)
Step through items and discuss migration influencers. (cont.)
Want to keep the same/similar software?  Many legacy software programs have versions compatible with the ATC.
Be clear on what you are looking for and why.
Timing of upgrade dictated by the central system project.  Often have two central systems operating based on the equipment deployment. 
Training is a big deal especially if new operational software.
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Mitigating Deployment Issues 

 Although the API 5401 v02 has been published, complete 
API Software meeting the standard is not yet available 

 USDOT has started a project to create a reference 
implementation of API Software (APIRI) for public use in 
2015 

 APIRI project includes development of a validation suite 
(APIVS) to test API Software on an ATC Engine Board 

Learning Objective #4 

Presenter
Presentation Notes
Key message:
Individual companies have done partial implementations. 
This project will make a complete implementation available to the public and supportable by the industry.
The APIVS will allow manufacturers, software developers and end users to validate the API Software on an ATC Engine Board.
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Open Source API Reference Implementation 
Learning Objective #4 

Photos: Intelight, McCain, Econolite, Peek Graphics: Ralph W. Boaz 

Open 
Source 
APIRI 

Manufacturers Agencies 

Consultants Software 
Vendors 

Presenter
Presentation Notes
Key message: Illustrates APIRI Concept. Shows an a server that hosts the APIRI open source project.
Animation:
Manufacturers
Software Vendors
Consultants
Agencies
may all support and maintain the APIRI.
Animation:
The APIRI is available to the industry to use in their products.
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Benefits of Open Source API Reference 
Implementation 
 Consistent with the Linux O/S open source concept 

 Promotes collaboration of developers across transportation 
industry 

 Provides forum for users to express ideas and concerns 

 Promotes quick bug fixes and alternative solutions to issues 

 Facilitates introduction of new application developers 

 Lowers cost to the industry 

 Best opportunity for consistent API Software behavior 

Learning Objective #4 

Presenter
Presentation Notes
Key message: Review benefits of APIRI.
Consistent with Linux…  Linux programmers understand the process.
Promotes collaboration… Developers have vested interest that there is a common implementation of the standard.
Provides forum… API WG oversees this effort.
Promotes quick bug fixes… A error found by one vendor gets visibility by all.
Facilitates introduction of new developers… Open source project means developers have tools to develop applications for controllers.
Lowers cost… Reduce development costs to all.
Best opportunity… Critical to achieve portability, compatibility and interchangeability.
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API Validation Suite (APIVS) 

 APIVS software runs on a PC 

 Test fixture used to host an ATC Engine Board with API 
Software 

 PC uses test scripts written in XML (Extensible Markup 
Language) to drive testing of the Engine Board and API 
Software on the test fixture 

 Crossover cables used to connect inputs to outputs of the 
Engine Board and exercise API Software functionality 

 To be made available as open source project 

Learning Objective #4 

Presenter
Presentation Notes
Key message:
Written in C
Test fixture allows the API Software to be isolated and tested without the potential anomalies introduced by the additional components of the controller unit.
Test scripts become part of a “suite” of tests that can be repeated.
Facilitates testing of the various I/O ports managed by the API Software.
Allows anyone, including agencies, to test API Software on an engine board.  Test fixture needs to be built or purchased.
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API Validation Suite Test Fixture 
Learning Objective #4 

Graphics: Ralph W. Boaz

TEST FIXTURE

Presenter
Presentation Notes
Key message: Engine board connects to fixture.  Fixture turns engine board logic level I/O ports into common serial connectors that can easily be manipulated by a test technician or engineer.
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API Validation Suite Test Environment 
Learning Objective #4  

Graphics: Ralph W. Boaz

TEST FIXTURE

CROSSOVER 
CABLE

POWER 
CABLE

CONSOLE 
CABLE

Presenter
Presentation Notes
Key message:
APIVS software runs on a PC
Test fixture used to host an ATC Engine Board with API Software.
PC uses test scripts written in XML (Extensible Markup Language) to drive testing of the API Software on the resident on the Engine Board.
Crossover cables used to connect inputs to outputs of the Engine Board and exercise API Software functionality.
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Creating a Specification Based on the ATC 
5401 Standard 
 Specification for API Software a part of ATC controller (or 

Engine Board) procurement (see PCB Module A207b) 

 Require API Software that conforms to ATC 5401 v02.17 
when the APIRI is available 

 Establish a contractual commitment from Engine Board 
suppliers to provide operational API Software for their 
Engine Boards once the APIRI is available 

 Require the Tool Chain and Source Code Used to 
Produce the Linux Environment for the Engine Board 

Learning Objective #4 

Presenter
Presentation Notes
Key message: Review points on mitigating deployment issues.
See Module A207b.
Make sure the specification references the latest approved standard.
If you have to spec ATC 5201 units before APIRI is available, this provision will provide the API Software in the future.
Tool Chain refers to the products and off-shelf-libraries the manufacturer used to create the engine board software environment and can be used by application developers to compile and link their software for that model of engine board.  Tool Chain is REQUIRED for application vendors to be able to be able to run their software on your engine board.
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 Require demonstration from manufacturers that each of 
the API interfaces are operational and multiple programs 
run concurrently 

 Have a certification from manufacturer that the ATC being 
purchased passed testing using the APIVS (when it is 
available) 

Learning Objective #4 

Creating a Specification Based on the ATC 
5401 Standard 

Presenter
Presentation Notes
Key message: Review points on mitigating deployment issues.
This is part of your acceptance test of the controller unit.
APIVS testing is not exhaustive but it provides a measure of confidence for prospective buyers.  Agencies that have the means to use the APIVS to test the API Software themselves, it is recommended that they do so.
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Additional Guidance When Procuring 
Application Software 

 Prior to purchase, have application providers 
demonstrate their software on the agency’s current ATC 
units 

 Establish a contractual commitment from application 
software providers to supply software compatible with the 
API once the APIRI is available 

 Purchase support services with application software 

 Separate specifications for ATC 5201 and ATC 5401 
equipment from that of any application programs 

Learning Objective #4 

Presenter
Presentation Notes
Key message: Review points on mitigating deployment issues.
Don’t buy until you try.  Take application software through an acceptance process.
If you have to purchase software before API Software is available, this provision will provide compatible Application Software in the future.
Provides for the cases that 1) an application software may be added or removed and inexplicably cause issues with other application software on the controller unit or 2) the hardware needs to be changed and the users have trouble getting the software operational on the new unit.
ATC 5201 and ATC 5401 define a field computing platform that can be used for many applications.  It is possible that an Agency may buy ATC controller units from more than one vendor.  An agency may want to use a more capable Engine Board from another vendor in the future.  Separate the procurement documents for application software from that of the hardware keeps options open.





Presenter
Presentation Notes
Narrated by Nicola for Web pilot:
This is an interactive presentation. Throughout the presentation there will be pop-up quizzes requiring your input. The presentation lecture will pause at each activity. Use your computer mouse to select your answer on the screen. There is only one correct answer. You will receive instant feedback from your answer choice.
Please help us make even more improvements to our training modules by completing the post-course feedback form.





Learning Objective #4 

a) Guarantees bug-free software 
b) Lowers development cost to the industry 
c) Best opportunity for consistent API Software behavior 
d) Promotes collaboration of developers across the 

transportation industry 

What is NOT a benefit of the API Reference 
Implementation? 

Answer Choices 
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Presenter
Presentation Notes
Key Message: Test the participants understanding of the open source reference implementation..



Learning Objective #4 

Review of Answers 
a) Guarantees bug-free software 
Correct. This is not a benefit of the APIRI.  In any non-trivial 
software, there are bound to be unexpected behaviors. 
b) Lowers development cost to the industry 
Incorrect.  This is a benefit of the APIRI.  In this  joint effort of industry 
developers, costs are reduced for everyone. 
c) Best opportunity for consistent API Software behavior 
Incorrect. This is a benefit of the APIRI. A common source defining 
proper software behavior creates the most consistency. 
d) Promotes collaboration of developers across the transportation 

industry 
Incorrect. This is a benefit of the APIRI. Solutions and improvements by 
individuals are discussed, assessed and tested by a group of 
developers prior to being added to the APIRI. 
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Summary of Learning Objective #4 

Specify API Software for System and Equipment 
Procurements 

 Discuss how ATC 5401 fits in the Systems Life Cycle 

 Develop migration strategies and mitigate 
Deployment Issues 

 Creating a specification based on the ATC 5401 
Standard 
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Presenter
Presentation Notes
Key Message: Within this learning objective we learned about the following items…  Speak briefly to each point. 




 

What We Have Learned 

1. API Software is grouped into the following feature areas: 
_______ Panel Management, Field ____ Management, 
Real-Time ______ Management and API ________. 

2. The ATC 5201 and ATC 5401 define a layered architecture 
that provides for application software ___________, 
______________ and ___________________. 

3.  ATC 5401 Standard defines API Software which will work 
with all major ______ architectures in use today. 

4. The API Open Source ___________ _________________ 
will promote collaboration of developers across the 
transportation industry. 

Front 

portability 

TFCS 

Reference 
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I/O  
Utilities 

compatibility interchangeability 

Implementation 

Clock 

Presenter
Presentation Notes
Key Message: Use subpoints below to expand on the Learning Objectives in summary form.

Front panel management provides a window-like environment for application programs.  Field I/O Management allows application programs to share the resources of the TFCS.  API Utilities include the Configuration Window which allows the users to Set System Time, Set Ethernet Ports, Set System Services, Get Linux and API Information and View Host EEPROM Information.

Portability – the ability to run the same application program on ATC controller units from different manufacturers. Compatibility – the ability to run multiple application programs on the same ATC controller unit concurrently. Interchangeability – the ability to replace an application program from one vendor with that of another vendor without changing the hardware.

Goes to support portability and interchangeability because the type of TFCS is sometimes coupled to the type of controller.

Best opportunity for consistent API Software behavior and required to achieve #2 and #3 above.




Resources 
 Caltrans Transportation Electrical Equipment 

Specifications (TEES), 12 March 2009 

 Intelligent Transportation System (ITS) Standard 
Specification for Roadside Cabinets v01.02.17b 

 NEMA Standards Publication TS 1-1989 Traffic Control 
Systems 

 NEMA Standards Publication TS 2-2003 v02.06 Traffic 
Controller Assemblies with NTCIP Requirements 

 Institute of Transportation Engineers 
http://www.ite.org/standards/  

 ITS PCB Training 
http://www.pcb.its.dot.gov/  
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Presenter
Presentation Notes
Key Message: See Participant Supplement for additional resources.


http://www.ite.org/standards/
http://www.pcb.its.dot.gov/


Presenter
Presentation Notes
Webinar Pilot- this is a prompt for audience to type in questions in the chat pod and for instructor to respond to.
Recorded Final version- this will prompt the instructor to read and respond to questions submitted via the webinar pilot and to add any Content FAQ. 

Does the API work with graphics as well as text?

What is the difference between an Application and a Utility?  App program runs continuously.  Utility typically does something then exits.  It is thought of something that is system wide.

How many applications can be run simultaneously using the API?
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