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Sustainability – better procurement 

Maximize potential re-use
� Use of Standards 

Keep the costs down
� Open designs, standard components
� You can do more with less

Design for maintainability
� Reduced long term O&M costs

Seek long product life
� Sound design requirements
� Rigorous Testing
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Outline – Standards for Traffic Controllers

NTCIP Standards
� 1201, 1202, 1103

Cabinet Hardware Standards
� 3xx, NEMA, ITS

Controller Hardware Standards
� ATC, NEMA, 2070

Controller Software Standards
� API, Linux 2.6, OS9

NYC’s application of standards
� NTCIP  NEMA  ATC
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Communications Standards –
for traffic controllers
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NTCIP Center-to-Field Standards

Traffic
Management

Center

ASC

DMSCCTV

ESS

DCM ELMS

TSS

Actuated Signal 
Controllers

CCTV Cameras & Switches

Data Collection & 
Monitoring 

Traffic Sensor Systems

Environmental Sensor 
Stations

Dynamic Message Signs

Electrical Lighting 
Management Systems

SCP

FMField Masters

Signal Control Priority

Agent –Field Device

Master Station

RMS Ramp Meters
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NTCIP Standards Framework

� Application

� Presentation

� Session

� Transport

� Network

� Data Link

� Physical

� Information Information Level

Application Level

Transport Level

Subnetwork  Level

ISO RM Layers NTCIP Levels

NTCIP 2301-AP-STMF
Defines:  STMP/SNMP

NTCIP 1103
NTCIP 2302-AP-TFTP
NTCIP 2303-AP-FTP

NTCIP 2201-PT-NULL TT

NTCIP 2202-TP-INTERNET  

NTCIP 2101-SP- PMPP/RS 232

NTCIP 2102-SP-PMPP/FSK

NTCIP 2103-SPPPP/RS232

NTCIP 2104-SP-Ethernet

Subject matter data dictionaries

Such as NTCIP 1201, 1202, etc.

Data elements – Parameters to 
manage and monitor the device

Protocol or how to transport the 
data elements

Transport – routable or not

Media dependent standards –
how to put the data on the wire
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Data elements for controlling, managing and 
monitoring actuated traffic signal controller 
units 
� Phases, rings, sequence, barrier
� Detectors
� Special functions
� Coordination
� Time based operations
� Overlaps
� Preempts
� Etc.

NTCIP 1202 – application/data dictionary 
Actuated Traffic Signal Controllers (ASC)

Based on operation 
described in NEMA 
TS2-2003 Standard
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NTCIP 1202 – Continued

NTCIP 1202 v02 includes
� BLOCK Object Data provides an efficient 

method for uploading and downloading 
device configuration

� Profile Implementation Conformance 
Specification (PICS) provides a "checklist"  

� Sequence diagrams  

All vendors support this standard to 
varying degrees - - -
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Common data elements for all field 
devices
� Configuration
� Time management

Includes Daylight Savings Parameters

� Database management
� Scheduled events
� Reports 
� Auxiliary inputs / outputs

NTCIP 1201 – Global Objects Definitions
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Protocol Standards

NTCIP 2301 
� SNMP – Simple Network Management Protocol
� STMP – Dynamic objects for low B/W apps

NTCIP 1103
� TRAPS – Exception based reporting

Wireless Ethernet

NTCIP 2201-PT-NULL TT – non-IP networks 
NTCIP 2202-TP-Routable Networks (IP)

� TCP/IP
� UDP/IP
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Truth and Lies – for NTCIP

NTCIP doesn’t support my controller’s 
functions

NTCIP won’t get you interchangeable 
controllers

NTCIP requires more horsepower

NTCIP won’t work over 1200 bps media

NTCIP is unproven

The standards are always changing
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Summary
The NTCIP 1201/1202 standards work
� If properly specified – devices interchangeable
� Testing is critical – there are tools
� MIB must be public

Changes are coming
� Transit Signal Priority (TSP) messages
� Interval Based Control
� Flashing Yellow
� Ped Overlap 
� More - - - - participate send your requests
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Traffic Controller Standards
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Confused about controllers?

Caution – there is considerable mis/dis-
information “around” these days - - -

2070, 2070L, 2070-ATC, ATC-2070, ATC, Engine 
Board, Linux, OS/9, NEMA TS2-1, NEMA TS2-2, 
ITS cabinet, 170, 179, 170E, 170-HC11 etc.

CALTRANS TEES, National Standards, New York 
Standards – etc.
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The National Perspective
NEMA TS2-2003

� Type 1 Serial Cabinet, Type 2 Parallel wired cabinet
� Functional Description of all units
� Design is left to the vendor

Caltrans/NYS TEES 
� 2070 – for the processor
� TEES identifies the cabinet constructs
� NYS has equivalent

ATC program 
� 5.2B ATC controller
� ITS cabinet
� API

There is no National 2070 standard – which is usable
� The one approved – is very old with known defects – nobody 

is using it! 
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Fundamental Difference

170/207/3xx are prescriptive designs
� Software is not included
� All modules specified

NEMA – is functional in nature
� Software is included
� Connectors and Functions – not PC cards

ATC
� Controller – more Functional – Engine board is 

prescriptive
� Cabinet is prescriptive
� API is a platform

2070 1E, 1A – Prescriptive design and OS
2070-1C, Uses the Engine board – prescriptive
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TEES-2009 is the current standard

Basic Cabinets are unchanged
� CALTRANS pioneered the ITS cabinet – then deleted 

it from their standards

Changes 
� More efficient power supply (206L)
� Solid state contactor
� Mercury is banned
� 170E
� 210
� 2070 1C using Linux
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170/179 Controller and 3xx Cabinetry

Hardware specification

Software provided by others

Rack mounted with standard 
modules

Standard front panel

Originally developed by 
public sector

Low cost – QPL approach

Utilizes older technology
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ATC/2070 Standard

• Typical 2070L 
Configuration

CALTRANS 
2070 standard 
1E and 1A 
processors use 
OS9
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NEMA 
is the current non-public agency standard

Available as a serial bus (Type 1) (SDLC –
153.2 Kbps)
� BIU -Bus serves as data highway for cabinet
� Load switches and detectors are interfaced to 

bus via BIUs
Available as a parallel wired cabinet (Type 2)
� A,B,C,D

Full Functional Standard
� Multi-Ring operation
� Coordination
� Preemption
� Time-based operation

Foundation 
for NTCIP 
1202
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Malfunction management unit (MMU)
� MMU retains point-to-point wiring to load switch 

outputs
� 1998 version includes NTCIP communications 

requirements
� Monitors full operation (command and outputs)

Controller is typically shelf mounted
TS 2 detectors, load switches, flash relay and flasher 
operate in TS 1 cabinet

Recent Changes
� Elimination of the Mercury contactor

NEMA TS 2 Standard 2003 (1998, 1992)
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ATC Family of Standards

ATC Standards

Controller

Cabinet

Application

Programming

Interface-API
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ATC Controller

Joint AASHTO-NEMA-ITE standard for the controller 
unit
Functional in nature – specifies interfaces
Identified minimum characteristics for front panel and 
I/O
Identified engine board 

� Adopted Linux 2.6 Operating System
� Minimum CPU characteristics – no specific CPU

Standard is FREE – ITE web site version 5.2b
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ATC Controller Standard

2070 HOST MODULE NEMA HOST MODULE

ATC ENGINE BOARD

ENET 1

USB MEMORY

ENET 2
CPU

S
E

R
IA

L
 I/

O

RTC
ENET 1ENET 1

USBUSB MEMORYMEMORY

ENET 2ENET 2
CPUCPU

S
E

R
IA

L
 I/

O
S

E
R

IA
L

 I/
O

RTC
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ATC Engine Board

Top View Bottom View



27

ENGINE
BOARD

CONSOLE

SERIAL PORT 1

SERIAL PORT 2

SERIAL PORT 3

ATC Controller Standard

USB MEM DEV

ETHERNET 1

ETHERNET 2

DATAKEY

T
O

 H
O

S
T

 M
O

D
U

L
E

ATC resources
managed by the API

FRONT PANEL

T
O

 H
O

S
T

 M
O

D
U

L
E

FIELD I/O DEV 2

FIELD I/O DEV 1
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ITS Cabinet 

� �� �� � � to TS2 Type 1
� 153.2 Kbps – 614.4 Kbps
� BIU – SIU
� MMU – CMU/AMU

Diode card – Data Key

� Power Supply – PDA
� Input File - - essentially the same
� Output File - - added current monitoring
� Construction – very modular

Expensive
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P
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SERIAL BUS 3

A
M

U
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C
M
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OUTPUT CAGE

OUTPUT CAGE

INPUT CAGE

CONTROLLER

PWR DISTRIBUTION 
ASSEMBLY

INPUT CAGE

ITS Cabinet – major constructs
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Example ITS Cabinet - TX
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Current ITS Cabinet Program

Workshop held to determine changes

Expect to revise this standard over the next 
year

Consideration
� Lower power consumption
� Smaller sizes
� Support for UPS
� other
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Allows software to be written that can 
operate on any ATC regardless of 
manufacturer

Supports multiple software 
applications on a single controller

Creates a broader software market

Application Programming Interface 
(API) Standard
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ATC API Standard

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 C a m e r a C o n t r o l    1 * S i g n a l P r o g r a m
2 R a d i a t i o n D e t e c t 3
4 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 ]
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2 R a d i a t i o n D e t e c t 3
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[ 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 ]

ATC API Standard allows 
assignment of cabinet I/O 

points to controller 
application programs
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Future Directions

NTCIP 1210 Field Master – Data Set
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Summary

New ATC standard for an engine board oriented 
controller design

� 2070 chassis (1C)
� NEMA controllers
� Linux 2.6

The software is not as portable between units – but 
can be easily moved
New API standard – has yet to be deployed
For cabinets – the ITS cabinet is not ready for large 
scale deployment
Most cabinets being deployed today - -

� NEMA – without mercury contactor
� 3xx – without mercury contactor 
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Example Standards Based – New York City DOT

Caution –

Large scale purchases
Custom packaging was required
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Existing Controllers 

Shown with 
Manhattan 
Remote 
Communications 
Unit

ASTC

~12,000 less the 
3,000 of the newly 
installed ASTC’s
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Standards Based Approach

NY State 170/179/33X cabinet modules
� Input Cards, L/S, FTR, Flasher

NEMA (TS2-2003) BIU 
� 1 for ASTC-6  (6 load switches)
� 2 for ASTC-8 & 12  (12 load switches)

2010ECL monitor (modified voltage thresholds)
NEMA functionality (TS2-2003) 
NTCIP Standards mandated
ATC-2070 form factor modem slot in controller
ATC (V 5.2b) Engine Board 

Specified the interfaces and functionality
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Other Requirements

NY State Power Distribution Assembly
� 12 VAC for PED (NEMA)
� ATC wiring for FTR/Contactor (NEMA)

Pole Mounted Cabinet
� Rear mount and conduit entry
� 3/16ths inch – 0.187” where most are 0.125”

Shelf mounted controller
Embedded cabinet address (16 bit) 
� Special PC card (No data key)

Heavy duty field terminal blocks
Easy field maintenance
� USB Memory Devices 
� Fool Proof Cabinet Address
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NTCIP Requirements

Full support for the TS2 NTCIP 
� Compliance group A2N level 2

Special objects identified (Extensions)
� Pre-timed interval based operation
� Download request – automatic on replacement
� Configurable I/O 
� IP address XX.XX.AA.AA
� Configurable routing (Gateway and subnet mask)
� Transit Signal Priority (+ remote support)
� Clock management Line-UPS transition
� Special Interfaces to UPS and Cabinet Monitor (2010)

No ‘vendor specific’ functionality
� Goal was interchangeability – Public MIB/Specification

No proprietary objects
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Full support for NTCIP Upload               
and Download

� NTCIP 1201 – Global Objects
� NTCIP 1202 – Actuated Signal Control

Support for UDP/IP 
Support for STMF (NTCIP 2301)

� SNMP
� STMP

Support for TMP (NTCIP 1103)
� Traps & STMP

Goal: to adhere to the NTCIP Standards wherever possible

NTCIP Communications Standards Used

National  
Transportation 
Communication 
for ITS Protocol

Simple 
Transportation 
Management 
Framework

Transportation 
Management 
Profile
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Modified Standards (1103) to Support 
Exception Based Reporting (EBR)

Note the number of Messages/cycle (Typical 32 bytes/message)

@ 90 second cycle
� Polled operation

90 STMP GET commands
90 Controller Responses = 180 total messages

� EBR operation
Macroscopic – 4 messages/cycle

� (reduction of 172) – incl. ACK – 8/180 = ~5% B/W usage

Microscopic – 10 messages/cycle 
� (reduction of 160) – incl. ACK 20/180 = ~11% B/W usage

RedY
DW

G
FDW

G
W
Var.

G
W
Initial

RedY
DW

G
FDW

G
W
Var.

G
W
Initial

Microscopic 
status

Side Street PhaseMain Street Phase
Macroscopic 

status
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Major Controller Characteristics

Features

� 6 load switches (4 with flash)

� 2 FTR
� 4 Flash pgmjumpers

Dimensions
� 36 inches tall (91 cm)
� 19 inches wide (48 cm)
� 15 inches deep (38 cm)

4 slot input file
1 BIU
2010 CFM

Features

� 12 load switches
� 6 FTR
� 12 Flash pgmjumpers

Dimensions
� 49 inches tall (124 cm)
� 22 inches wide (56 cm)
� 15 inches deep (38 cm)

10 slot input file
2 BIU
2010 CFM

ASTC-6 ASTC - 12
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Major Characteristics - Continued

2 Ethernet ports (10/100BaseT) 
Fully configurable input/output mapping (EIA485 serial TS2)
Lap-top interface (cabinet address = database ID)
6 Serial Ports

� 4 Front mounted
� 2 Modem Slot

USB port (upload/download database, firmware, OS)
4x40 Diagnostic Display –4 button Navigation

� Diagnostic and view only  (next version 8x80)

Firmware is field upgradeable (Serial Port, Ethernet, USB)
No batteries –super capacitors
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Result - Typical ASTC-6    ~$4000 

ASTC Controller 
Unit

Cabinet address 
card

BIU

Input Sensors
(8 Channels)

Conflict Monitor

Load Switches
(6, 8, 12)

DC Power supply 
and power 
distribution 

Field Terminal 
Blocks (Behind test 
display panel)
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Typical ASTC-12
~$4500

ASTC Controller Unit

BIU’s (2)

Input sensors

Cabinet address card

Conflict Monitor
(not installed)
Load Switches

DC Power supply and 
power distribution 

Field Terminal Blocks 
(Behind display panel)
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Typical Traffic Controller

Traffic Controller
NYCWiN VPN 
router
Signal display 
switches

� 11th Ave.
� Cross Street
� Ped’s
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Other Contract Requirements

Materials Procurement (No contractor)
City has rights to traffic controller source code 
� For NYCDOT only
� City receives full software development system

Comprehensive, rigorous testing program
� Prototype testing (Factory)
� Integration testing with the system (NYC)
� Design approval testing (Factory)
� Factory acceptance testing with full burn-in 

(Factory)
� On-site acceptance period (NYC)
� Warranty 18 months after acceptance
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Extensive hardware testing

Hardware testing – Design Approval Testing
5 units tested simultaneously
NEMA TS2-2003 temperature/humidity profile

� -34C to +74C
� 95-135 VAC operation
� 57-63 Hz
� Transients – 300V, 600V 

Extensions to NEMA TS2-2003 testing profile
� 8 hour power interruption testing
� 2000V transients “ live”
� ESD
� Power interruptions

2 minutes 350 ms off 650 ms on
Slow 120-0-120 @<1 V/S

� Condensation 0-25C @40% RH
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Summary

First attempt – City Specified 2070 type 
controller
� Bids were $9,000 – no award (2x budget)

Developed a standards based controller using 
the best of NEMA, ATC, NY State and needs! 
� Bids $4000 range (twice)

Rigorous testing – required project time 
extension, but units very reliable
NTCIP incorporated with extensions for special 
functionality – and it works!
NTCIP adapted for exception based reporting 
for the wireless network – 1600 on-line 6/18/09
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Summary – Continued 

Initial units have been installed for 4 years
NTCIP testing took 18 months to complete!
City expects to have ~12,000 intersections 
changed out and under computer control by 
end of 2011!
Installation continues at approximately 50 per 
week
We have 2 suppliers at this point – a third is 
preparing to bid.



53

Sustainability 

Cost – do more with less 
Maintainability – lowers the cost of O&M
Reliability  - longer replacement cycles

Standards contributes to all of these
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www.ite.org – Select Technical Information, 

Standards –cabinet, controller, API (Free)

www.ntcip.org – All Standards are free

www.nema.org – TS2-2003  ($)

TEES: 
www.dot.ca.gov/hq/traffops/elecsys/TEES.htm

References
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Thank You

Bob Rausch,  P. E.
r ober t . r ausch@t r anscor e. com
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Controller Hardware and Software Testing
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Test Configuration

Focus on Clock 
accuracy
Monitor all 
communications 
continuously
Continuous monitoring 
of operation
4 days of extensive 
testing
Full capacity on 
communications 
testing
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5 units in a walk-in chamber

Inside the 
environmental 
chamber
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Fully Configured for Testing
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Typical ASTC-6

ASTC Controller 
Unit

Cabinet address 
card

BIU

Input Sensors

Conflict Monitor

Load Switches

DC Power supply 
and power 
distribution 

Field Terminal 
Blocks (Behind 
display panel)

3-point 
latch
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Typical ASTC-12

ASTC Controller Unit

BIU’s (2)

Input sensors

Cabinet address card

Conflict Monitor
(not installed)
Load Switches

DC Power supply and 
power distribution 

Field Terminal Blocks 
(Behind display panel)

3-point 
latch
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Fan & 
thermostat

Controller 
outlet

Door 
switches

Over 
temperature 
alarm & 
sensor

Fan/Thermostat and Power for 
Controller/Communications Unit
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4x40 
diagnostic 
display

Navigation 
buttons

485 Port 1

Serial 1

Lap-top

Aux

Ethernet

2070 Modem Slot

Controller Unit  Version 1

USB
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100 VDC Interconnect Module

Flash programming jumpers and transfer relays

Address Card with min 
recall and stop timing switch 

Input File and Flash Transfer
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Load 
Switches (6)

Address

BIU

4 Ch Det.

2 Ch Det.

Flasher 

Input File and Output File
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Signal 
Connections

Low Voltage Connections (Tel, 
Loop, Ped, etc.)

Ground and 
Neutral 

Cabinet 
Flash and 
Signals 
On/Off 

Police Jack

Conduit Entry

Signal Terminations
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PDA

Service Outlet

12 VAC

24 VDC

Main breaker

Service breaker

Signal Breakers (2)

Red Monitor Cable

2010 CFM

Power distribution assembly
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Backplane Wiring

Basic ASTC-6 

ASTC-12 input file



69

Wireless Network Testing
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Wireless Communications Network

City-wide Wireless network
� Contract to Northrop Grumman 
� Full deployment expected 2009

Supports Traffic Controllers - NTCIP
� VPN tunnels TMC-Controller
� Data upload/download
� Exception based reporting – real time

Second-by-second reporting

� Peer-to-peer communications
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Network Configuration

Network 
Operation 

Center

~400 Cell sites

~30 Intersections per cell

2.6 GHz

Fiber, Leased, & 
Microwave Backhaul

TMC

Traffic 
Controller
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Shared Wireless Network

Emergency services
� Mobile applications
� Video
� Automatic vehicle location (AVL)

Emergency call boxes
� VoIP

Sanitation – AVL and applications

Licensed 2.6 GHz, cell structure 
~400 cell sites
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Wireless Network Test Results

Round trip delays < ½ second

Lost packets (worst case) ~ 2%
� Typically <1%

Conclusions
� Messages will require acknowledgement 
� Exception based reporting will provide 

acceptable operation
� Time setting is tricky – and critical


