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 Large overhead signs used on freeways 
 25 feet wide x 6.75 feet high
 Dynamic full matrix signs to display traffic 

advisory information to the motorists
 Does not include
 Smaller freeway toll and information signs
 Portable message signs (trailer signs)
 Extinguishable message signs (fixed message)
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Currently Caltrans has over 700 
“Model 500” Changeable 
Message Signs (CMS) deployed 
statewide 

Planned build out is over 1200 
signs
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 Procurement Options
 Keep buying Model 500 Signs
 Buy “Off the Shelf” Signs
 Create a New Caltrans Sign
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 Really easy to procure
 Inexpensive
 Familiarity
 Comes in 3 sizes
 25 x 96 pixels (2.75” pitch)
 25 x 96 pixels (1.75” pitch)
 25 x 48 pixels (1.75” pitch)
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 Only low resolution
 Amber only (no color option)
 Unable to tell if sign is actually 

displaying the requested message
 Technology used is antiquated
 Some of the components are 

starting to become more difficult to 
acquire
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 Control wiring from the sign to the 
ground cabinet can be confusing
 Requires 60 - #18AWG  wires
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 Door on the front of the sign wastes 
display area

 If sign is to be deployed into the 
center median we need to purchase 
a special “Left Handed Model 500”



 Procurement Options
 Keep buying Model 500 Signs
 Buy “Off the Shelf” Signs
 Create a New Caltrans Sign
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 ADDCO
 Daktronics
 Skyline
 D3LED
 Swarco
 SES America
 McCain
 Ledstar
 Optec
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 “Buying off-the-shelf is the best option 
and will save you money”
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 Easy to procure
 Inexpensive
 Low and high resolution
 Lots and lots of options

13



 Non-standard hardware and software 
 Increased amount of training required
 Need to stock vendor specific parts for each sign 

manufacturer
 Replacement parts may require the use of 

single-source contracts
 Risk that the sign may lose support due to 

obsolescence 
 Design is proprietary
 If the company goes out of business your sign 

will quickly become unusable
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 Procurement Options
 Keep buying Model 500 Signs
 Buy “Off the Shelf” Signs
 Create a New Caltrans Sign
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 Basically what we want is a sign that works like 
the existing Model 500 but with new and 
improved features

 We also want a sign that fits perfectly into our 
existing regional architecture
 Sizes/resolution similar to our existing model 500 

signs
 Needs to fit on existing structures
 Needs to use existing Caltrans communications 

protocols
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 We want to know if the requested 
message is actually displayed

 Power savings
 Low voltage for additional safety
 Simplified troubleshooting
 Color sign option
 Support NTCIP communications 

standards
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 Think Systems Engineering
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 Early work was done in 2007 by Caltrans 
Department of Research and Innovation
 Developed Concept of Operations and 

Draft Requirements
 Requirements specified 3 different sign sizes
 Model 710 27 x 105 pixels (2.75” pitch)
 Model 720  27 x 95 pixels (1.75” pitch)
 Model 730  27 x 60 pixels (1.75” pitch)
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 David Wells (Caltrans HQ) was the Project 
Manager and created the text of the 
specification

 Maria Hionides (Caltrans HQ) created the 
AVMS drawings

 Minh Tran (Caltrans Transportation Lab) 
provided testing support

 Advanced Variable Message Sign Workgroup 
consisting of 23 Caltrans District Engineers 
statewide provided design feedback
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 Project was assigned to our section in October 
2009

 High level design completed in March 2010
 Held our first statewide internal meeting in April 

2010
 Held numerous statewide meetings with 

Caltrans Stakeholders and Sign Manufacturers 
 460 comments about the proposed 

specification were recorded
 Released AVMS Specification in January 2011
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Steps to make the AVMS
1. Make prototype Pixel Matrix Models
2. Develop software to control the sign

Option A. Software developed by each 
manufacturer

Option B. Software developed by Caltrans 
(option we selected)

3. Have a prototype AVMS built
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 Ask for a transfer to another 
department

 Try to get promoted
 Retire
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Pixel Matrix Module is the most
essential element of the sign

Each 
Pixel Matrix Module 

acts like a
mini-message sign
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 Most vendors had no desire to build a 
“Caltrans Pixel Matrix Module” and it took 9 
months of searching to find a vendor willing 
to build the first prototype modules
 Purchase order issued November 2011
 Paid less than $5000 for 6 modules

 Based on additional user comments, we 
updated the specification and ordered a 
second set of Pixel Matrix Modules in 
September 2012
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 Test software created in-house 
using Visual Basic 6 

 Allowed us to test Prototype Pixel 
Matrix Modules to the AVMS 
Specification before the full sign was 
built

 Shared software with the contractor 
so that they could also use it for 
their initial development
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 We also created a program to display vertical and 
horizontal lines for  testing multiple Pixel Matrix 
Modules
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 40 Candela pixel output over the full 
temperature range (-37 to +74 Celsius)

 Physical dimensions
 Communications using the AVMS 

internal communications protocol
 Display of messages
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Pixel Matrix Modules 
WORK!

Time to Move on to our Next Step
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 Contracted in June 2012 to develop 
AVMS System Software

 Software developed using Java
 Apache Tomcat used for web services
 Cost to develop: $467,000
 Development of the System Software 

was completed in June of 2014
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As Stated in the Contract

“Contractor shall not copyright any software or 
documentation delivered under this Contract.  

All software and documentation delivered 
under this Contract shall become the 

property of the State and may be copyrighted 
by the State...”
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 Ordered a full Prototype AVMS in 
December 2012.

 AVMS arrived in California at the 
manufacturer’s plant in May 2013

 Arrived at Caltrans September 2013
 Prototype cost: $92,000
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 System Software Developer did not 
have a prototype sign with which 
develop and validate their software 
until May 2013

 Prototype Sign Developer did not 
have the System Software to 
ensure they were manufacturing 
the AVMS correctly
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Remote I/O Box

Test Box

AVMS Controller

Air Filter
Sensor

Door
Sensor

Temperature  
Sensor

Humidity 
Sensor

Photo 
Sensor

Power Status 
Sensor

Pixel 
Matrix 
Module

Beacon

Ethernet Switches

Local
Access

Remote
Access

Note:
All components are 
connected over 
Ethernet 
(TCP/IP or UDP)

Ethernet Switches

Ethernet Switches



 Access doors hidden 
behind Pixel Matrix 
Modules for greater 
visibility.

 Access doors on both 
sides allow us to install 
control equipment on 
either side.
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 Remote I/O Box
 Test Box
 Ethernet Switches
 24 Volt Power Supplies
 Circuit Breakers
 AC Outlets
 Controller
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 AVMS Specification requires only 3 parts that 
are not “Off the Shelf”
 Pixel Matrix Module – Displays messages
 Remote I/O Box – Collects sensor data (doors, 

photo sensors, ext.) and transmit it to the AVMS 
controller over Ethernet
 Test Box – Allows maintenance to test the sign in 

the field
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 Only 2 connections
 Ethernet
 24VDC Power

 Each LED puts out 
40 Candelas

 Will blank out if no 
message received 
by the AVMS 
Controller for 5 
minutes
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Pulse Width Modulation 
Integrated LED Driver

CPU to Handle Requests

LED 
Pixel 

String 1

Ethernet 
Connection

Note:
3 LED Strings per LED Pixel

LED 
Pixel 

String 2

LED 
Pixel 

String 3

Note:
45 Pixels per Pixel 
Matrix Module (5x9)

24 VDC



 Analog Inputs
 Photocell 
 Temperature

 2 Relay Outputs
 Beacon
 Power Saving 

Subpanel

 Discrete Inputs(ON/OFF)
 Humidity
 Door
 Fan
 Power Supply
 Air Filter
 Beacon Status
 Special Message Inputs
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 Allows maintenance to run simple tests on the 
sign

 Discrete inputs to detect ground cabinet 
intrusion and to activate special messages

44



Ethernet Switches
24 Volt Power Supplies
Breakers
Ethernet Cable
Controller
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 2 Independent Ethernet Ports
 Metal Housing
 Wide Temperature (-37 to 74 Celsius)
 No Fan
 Solid State (no hard drive)
 Able to run Caltrans AVMS System 

Software
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A Moxa 2101 Controller running Linux 
was used for the prototype, but any 

off the shelf controller that meets our 
requirements is allowed.
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 We just plugged 
it in to a 
standard 120V 
AC outlet 
 30-Amp 

breaker 
recommended



 Simpler to maintain
 Majority of the components are off the shelf
 All components have easy front access
 No ground cabinet required
 No more complicated CMS wiring harnesses. 

Just Ethernet and 120 VAC Power
 Sign is Ambidextrous (can be mounted in the 

median or on the shoulder) 
 Safer
 A Pixel Matrix Modules powered by 24 VDC
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 AVMS System Software is used to:
 Display messages and return status using the NTCIP and 

Caltrans SignView Protocol
 Allow users to interface with the sign though a Graphical 

User Interface (GUI)
 Network Security
 Secure Hypertext Transfer Protocol (HTTPS) 
 Secure Shell (SSH)
 Secure File Transfer Protocol (SFTP)
 Telnet disabled
 File Transfer Protocol (FTP) disabled
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Developed in Java to allow the 
AVMS System Software to run  
on either a Linux or Windows 
Operating System

Graphical User Interface works 
best using a Firefox browser
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 Handles both National 
(NTCIP) and Caltrans 
(SignView) 
communications 
protocols
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 Connect to the sign locally and remotely
 Create, preview and display messages
 Import low resolution graphics
 Schedule messages to be displayed based 

on the time of day, week or month
 Adjust sign brightness
 Perform remote diagnostics
 Verify if a requested message is actually up
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System Operations Library Diagnostics 

Date and Time Activate a Message Device Messages Display Buffers 

PMM Brightness 
Multipliers

Preview a Message Device Schedules Remote I/O Box 

Ethernet Addresses Sign Brightness Device Graphics Test Box 

Default Messages Test Box Tests

Special Messages Warning and Error 
Log



 Current time and date
 Current  message
 Message source
 Brightness 
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 Color balances 
the sign as 
LED’s 
luminosity 
changes over 
time
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 Uses simple 
dropdowns to select a 
message

 Can select a 
maximum message 
display duration

 Can store up to 25 
permanent and 25 
changeable messages
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 Allows you to preview 
a message before 
displaying it on the 
sign
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 Manual and 
Automatic Brightness 
Control

 Ability to disable any 
photocell 
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 Simply type in the 
message

 You can preview the 
message before 
saving it

 One or two page 
messages

 Double and single 
stroke fonts
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 Allows the user to 
schedule a 
message to be 
displayed at a 
requested time 
and date directly 
from the AVMS 
user interface
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Inaccessible 
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 User can create and import low resolution 
graphics



 Short Power Recovery 
 Long Power Recovery
 Communications Loss
 End Duration
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Inaccessible 



 Up to 4 special 
messages can be 
activated utilizing 
a relay output 
from a fog 
warning, ice 
detection, speed 
or other warning 
or advisory system
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Inaccessible 



 Ambient Brightness
 Temperature
 Power Source
 Fan and Filter Status
 Humidity
 Power Supply Status
 Door Status
 Pixel Status
 Special Message 

Relay Status
 Beacon Status
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 We know when a requested message is up through 
pixel open/short detection on every pixel.
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 No special software 
needed.

 Can be run locally or 
remotely from the 
TMC.

 Test Box included with 
every sign means you 
don’t need a laptop to 
run the tests locally.
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 Logs sensor failures
 Logs communications 

errors
 Logs re-boots
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URMS Menu Tree

 Users 
 User names, passwords and privileges

 Log 
 Who logged onto the AVMS

 Setup
 Sign type

 Configuration
 Backup, import and export



 Prototype sign is on the Caltrans network 
and is continuously monitored by a video 
camera
 Makes it accessible for testing statewide

 Ability to display messages
 Ability to communicate with Caltrans 

District Central Systems
 Software stability
 Does the GUI reflect what is happening on 

the sign
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 Users can create special messages that are 
activated by a relay from fog, ice or speed 
sensors

 Users can create a special message for long 
power outage, short power outage, loss of 
communication and end of message events

 All pixels can now be turned on at the same 
time
 Model 500 CMS limited output to no more 

than 50% of the pixels
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 Display text, low resolution graphics, or 
a combination of both text and graphics 
at the same time

 Activate a Beacon for message 
emphasis

 Flexible design supports both amber 
and color signs
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 Parts are interchangeable between 
manufactures

 Non-proprietary
 Color (Red,Green,Blue) option
 Can tell you if a message is actually 

displayed
 Low voltage design for safety
 Uses less power
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 Low resolution (no high resolution 
option)

 Few options
Model 710 27 x 105 pixels (2.75” pitch)
Model 720  27 x 95 pixels (1.75” pitch)
Model 730  27 x 60 pixels (1.75” pitch)

 Only 2 Manufacturers
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 Sign uses less than 125 watts when the 
sign is BLANK and the fans are off 
(existing CMS uses 300 watts)

 1950 Watts when 50% of the pixels are 
turned on at the maximum brightness 
(existing CMS uses 2760 watts)

 3250 Watts when every pixel are turned 
on at the maximum brightness
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 Fans were not placed well
 Power Savings was added as a 

requirement
 Door latching needed to be fixed
 Refresh rate on some Pixel Matrix 

Modules was slow causing strobe 
effects when viewed on a traffic 
monitoring camera
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CMS Model 500
 96 pixels wide x 

25 pixels high
 2.75” pixel pitch
 Weight 2400 lbs
 306” wide
 81” high 
 16” deep
 Two Vendors

AVMS Model 710
 105 pixels wide x 

27 pixels high
 2.75” pixel pitch
 Weight 2400 lbs
 300” wide
 86.16” high 
 16” deep
 Two vendors
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 Purchased 12 AVMS Signs for initial 
test deployment in April 2015

 Caltrans is developing a software 
maintenance contract to deal with 
any software issues discovered 
during deployment

 Purchased Color Pixel Matrix 
Modules for testing in October 2014
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 We are currently purchasing 87 signs
 75 Model 500 CMS @ $71,925.00 each
 12 Model 710 AVMS @ $69,300.00 each

This makes the Model 710 AVMS $2675.00 
cheaper than the Model 500 CMS
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Why did we call it a VMS and not a CMS?

New sign name changed from a Changeable Message Sign 
to a Variable Message Sign in order to follow the naming 

conventions used in the National Transportation 
Communication for Intelligent Transportation Systems 

Protocol (NTCIP) standards
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Current AVMS specification is available at: 
http://www.dot.ca.gov/hq/traffops/tech/avms/avms.pdf

David Wells 
AVMS Project Manager 

(916) 227-4655
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