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Definitions and Background
“A Road Weather Information System (RWIS) is comprised of 
Environmental Sensor Stations (ESS) in the field, a communication 
system for data transfer, and central systems to collect field data 
from numerous ESS. These stations measure atmospheric, 
pavement and/or water level conditions. Central RWIS hardware 
and software are used to process observations from ESS to develop 
nowcasts or forecasts, and display or disseminate road weather 
information in a format that can be easily interpreted by a 
manager. RWIS data are used by road operators and maintainers to 
support decision making.”
U.S. Department of Transportation – Federal Highway Administration 
http://www.ops.fhwa.dot.gov/weather/faq.htm
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http://ops.fhwa.dot.gov/weather/mitigating_impacts/surveillance.htm#esrw
http://www.ops.fhwa.dot.gov/weather/faq.htm


Definitions and Background
Acronyms used in this presentation
RWIS = Road Weather Information System
ESS = Environmental Sensor Station
RPU = Remote Processor Unit, and supporting hardware
RSS = Road Surface Sensor 
ICWS=Icy Curves Warning System
IPS = In Pavement Sensor 
NIPS = Non Invasive Pavement Sensor
BOM = Bill of Materials
NEMA = National Electrical Manufacturers Association
NTCIP = National Transportation Communications for 
Intelligent Transportation System Protocol.
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RPU – Caltrans D2 Campbell 
version 1

• The first RPU installed in 
field. Vollmers, CA
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ESS – D2 standard site under 
construction

• RPU cabinet on top
• Communication cabinet below
• Completed in 2014
• Located in Perez, CA
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ESS – D2 Mini RPU

• Supports 8 Lufft RSS
• No Tower Instruments
• Came on line in 2015
• Located on Anderson Grade 

Summit, Yreka, CA



RSS in pavement
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Notice saw cuts for wired power and data.Lufft RSS are removable from a housing.
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Definitions and Background

NTCIP related information 

• The NTCIP 1204 standard defines ESS data (type and units)
• Version 1 of 1204 was approved in 1998
• Version 2 of 1204 was approved in 2006
• Version 3 of 1204 was approved in 2014
• We currently follow the version 2 standard
• For atmospheric, pavement, and site definition, we provide 

58 NTCIP ESS values 
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Ess variable sample

Definitions and Background
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RPU Redesign – Why?

• Vendor configurations not always standardized/or open sourced.
• Vendors will not always be there. Hardware ages. Need for 

replacement parts. 
• Expensive support agreements.
• Flexibility with future design and integration with off-the-shelf 

components. 
• District 2 Mantra – Is it Accurate, Timely, and Reliable?
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• District 2 Mantra – Is it Accurate, Timely, and Reliable?
Ask yourself if every instrument at your RWIS station can be 

ground- truthed?  
Goal is for all instruments to be calibrated in the field.
Avoid ‘black-box’ components. Want open source.

Want a reliable RPU and reliable communications to that RPU, 
especially when you need it most!
Design for your temperature extremes.
Resistance to water, sunlight, pollution in cabinet; splices; and cabling.
Separate your communications equipment into a separate cabinet. 
Battery backup for power loss.

Ease of Troubleshooting:
Can I get the same information remotely as if I were physically at the site?
Prefer not to have to drive to site for a serial connection or a reboot.
Will I need to call support and wait for that one person assigned to the 

entire West Coast? 14

RPU Redesign – Why?
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Older Site Example

• Visited this site April, 2016
• 20 years old!
• Kudos to Vendor
• Although original vendor has been sold (twice) since install
• Solution ended up being a reboot
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Older Site Example #2

• Router in same cabinet
• Modem in same cabinet
• Extra surge suppression, 

with cords and zip ties.
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RWIS Stations for District 2
• District 2 Roadside Weather.
We have highways from 200 feet above sea level to 6000 feet in 

elevation.
Temperature extremes range from 118F in the summer to -30F in 

the winter.
Cabinet temperatures will approach 145F on the hottest days.
Primary safety weather concerns are monitoring Icy Roads and 

High Wind Advisory areas.
We have two automated ICWS.
We have two primary corridors for frequent wind advisory.
Most of our RWIS stations have multiple Road Surface Sensors.

We have dry, high desert areas, as well as extremely wet areas 
during the rainy season.
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RWIS Stations for District 2

• Instruments used at our RWIS stations;
Atmospheric =  Temp/RH/Wind speed and direction/Rainfall
Pavement = Two generations of In-Pavement-Sensors (Vaisala

FP2000 vs. Lufft Intelligent sensors) as well as the start of Out-
Of-Pavement NIPS. (Mike will cover these details shortly.)  
Usually one per lane of traffic. 
Subsurface = Any site with surface sensors will also contain one 

subsurface probe.
These provide most of the 58 NTCIP ESS variables. (the 

remaining are essentially static variables.) 
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RWIS Stations for District 2

essAvgWindSpeed
essAvgWindDirection
essSpotWindSpeed
essSpotWindDirection
essMaxWindGustSpeed
essMaxWindGustDir

windSensorAvgSpeed(i)
windSensorAvgDirection(i)
windSensorSpotSpeed(i)
windSensorSpotDirection(i)
windSensorGustDirection(i)
windSensorSituation(i)
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essPrecipitationOneHour

essPrecipitationThreeHours

essPrecipitationSixHours

essPrecipitationTwelveHours

essPrecipitation24Hours

essPrecipRate

essPrecipYesNo

essPrecipitationStartTime

essPrecipitationEndTime

essPrecipSituation

essAirTemperature(i)

essMaxTemp

essMinTemp

essRelativeHumidity

essWetBulbTemp

essDewPointTemp

NTCIP Wind Data

(12 Values) 

NTCIP Rainfall Data 

(10 Values) 

NTCIP Atmospheric Data

(6 Values) 



RWIS Stations for District 2

essSurfaceStatus(i)

essPavementSensorError(i)

essSurfaceTemperature(i)

essSurfaceWaterDepth(i)

essSurfaceIceOrWaterDepth(i)

essSurfaceSalinity(i)

essSurfaceFreezePoint(i)

essSubSurfaceTemperature(i)

essSubSurfaceDepth(i)

essSubSurfaceSensorLocation(i)

essSubSurfaceType(i)
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NTCIP Pavement Data

(11 Values) x (number of sensors) 

essNtcipCategory

essNtcipSiteDescription

essTypeofStation

essLongitude

essLatitude

essReferenceHeight

essNumTemperatureSensors

essTemperatureSensorHeight

windSensorTableNumSensors

windSensorHeight(1)

windSensorLocation(1)

essPavementType(i)

essPavementExposure(i)

essPavementElevation(i)

essPavementSensorType(i)

essPavementSensorLocation(i)

essSurfaceBlackIceSignal(i)

numEssSubsurfaceSensors

numEssPavementSensors

NTCIP Static Data

19 Values 



RPU – Caltrans D2 Campbell 
version 1

• Fits into standard Nema-4 
cabinet.  (30”x24”x12”)

• Swappable with Vaisala RPU
• Supports Temp/RH/Wind/Rain
• Supports up to 8 RSS
• Note that the communication 

equipment is located 
elsewhere.

• Approximate Cost $7000
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RPU – Caltrans D2 Campbell 
version 1

• Same RPU as previous slide 
located inside the NEMA 4 
cabinet.
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RWIS Station V1 - Design BOM, circa 2012

Sensor Instruments;
• RM Young 5103 Wind Sensor.
• RM Young 52202 Heated Tipping Bucket.  
• HC2S3 Rotronic HygroClip2 Temperature/RH Probe. 
• Lufft IRS21 Intelligent Road Surface Sensor with subsurface 

probe.
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RPU Components;
• Campbell Scientific CR1000-Extended Temp (-55 to +85C)
• Campbell Scientific NL116 Network Interface-Extended Temp 
• (2) DC 12V Power Supplies
• Aluminum Fabricated Backboard; 3/16” thick; Alodine coated. 
• (48) Surge Voltage Protection blocks, one for each external wired 

connection.
• (4) Campbell Scientific SIO1 SDM module (serial comm)
• Campbell Scientific SDM-CD8S DC controller
• Miscellaneous wiring and terminal blocks

25

RWIS Station V1 - Design BOM, circa 2012



Tower Instrumentation
Approximate Cost $2300

In-Pavement Sensing 
Approximate Cost $8000 per lane
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Campbell RWIS Station - Timeline

• 2009: Design started. (Credit to Ken Beals.)
• Mid-2012: Full scale RWIS station installed on tower next to our 

EELAB.
• End-2012: V1.0 Design completed. (again Credit to Ken Beals.)
• End-2012: Multiple construction projects had Lufft IRS21s in road.
• End-2012: IRS21 discontinued, IRS31 announced.
• End-2012: Retirement of key personnel at Caltrans and Campbell.
• End-2012: Only one Campbell site active, at the EELAB.
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Campbell RWIS Station - Timeline

• Winter 2012/2013: No RSS connected to EELAB RPU, only able to 
monitor RPU with tower instruments.  

• Fall-2013: First deployment of Campbell RPU at two field sites.  North 
Weed and Vollmers. Three total Campbell sites active.

• Nov-2013: Lufft IRS31pro RSS announced.
• IRS31 model silently phased out. Traded our inventory for the ‘pro’ model.
• Lufft IRS31Pro represented a different hardware and software approach than 

the IRS21. More details to come.

• Dec 30th, 2013: First Lufft RSS Failure at North Weed.
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Campbell RWIS Station - Timeline
• Mid-2014: Lufft RSS failure(s) diagnosed. (Ultimately water intrusion, 

but blame put on ‘galvanic corrosion’ – More to follow by Mike.)
• Mid-2014: Analysis of Lufft RSS installation procedures. New Caltrans 

publication created by Mike Beyer clarifies and improves saw cuts, 
epoxy, splicing, termination resistors, torque wrench, laying of cable.

• Mid-2014: New RPU circuit design related to Lufft IRS21 RSS galvanic 
corrosion issues completed. Existing RPUs had to be rebuilt. Complete 
isolation of 12V DC power with DPDT relays.

• Mid-2014: Support for Non-Invasive-Pavement-Sensor added to RPU 
(hardware and software). 

• Fall-2014: Two competing NIPS (Vaisala and IceSight) installed at Sims 
Rd. Will be compared with Lufft IRS21s at same location.
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RPU at Sims Rd.

• Power switching to Lufft
IRS21 RSS now uses DPDT 
relays.

• B&B 232 to 485 converters 
used to optically isolate the 
serial communications.

• Four Lufft RSS sensors
• Two Out of Pavement 

sensors
• Running out of real estate!
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Campbell RWIS Station - Timeline
• End-2014: Three more Campbell RPUs implemented in field.  

Dunsmuir, Perez, Sims Rd. Six total Campbell sites in field.
• End-2014: At Dunsmuir and Perez sites are the first Lufft IRS31Pros.

• Different 12V DC power connection to sensor. (No switching needed.)
• Different software query method.  (New binary protocol instead of ASCII) 

• Winter 2014/2015: Experienced the most mild winter we have had in 
20 years or more! Best freeze/ice event at Sims Rd. test site occurred 
in April 2015 with the temperature barely at freezing. 
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Campbell RWIS Station - Timeline
• Mid-2015: Miniaturized design of RPU completed for McCain ITS Node 

cabinet at Anderson Grade.  Supports both versions of Lufft RSS. 
Another design update to now use the Lufft ISOCON module for both 
12V DC power and RS485 communications. 

• Fall-2015: Two more Campbell RPUs implemented at Anderson Grade. 
Eight total Campbell sites in field.

• Fall-2015: Texas Electronics tipping bucket implemented as a result of 
ease-of-calibration procedures. Good reaction to inch/hour rainfall 
rate.

• Winter 2015/2016:
• NIPS comparison analysis at Snowman Summit RWIS station with older Vaisala

FP2000 road sensors.
• NIPS comparison analysis at Dunsmuir RWIS station with newest Lufft IRS31Pro 

road sensors. 
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Mini RPU at Anderson Grade

• Eight Lufft RSS sensors
• Lufft ISOCON and IRS21CON 

unit provides both power and 
data isolation to RSS. 

• Only need a single Campbell 
Scientific SIO1 module.

• All RSS are physically 
connected to the same serial 
port.

• Both generations (IRS21 and 
IRS31Pro supported by this 
design.)

• Nice elegant solution.
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Campbell RWIS Station - Timeline
• Software: A continuous process. Last mentioned, but certainly not 

least! 
• Software: Several major milestones as hardware and 

troubleshooting continued to evolve. The current CR Basic code is 
significantly different than original.

• Will cover this in more detail later in a software section.
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Campbell RWIS Station V1 – Pros
• Tower instrumentation: Choices solid. Tipping bucket change was a 

nice enhancement and easy swap. No hardware or software changes 
were necessary.

• Campbell Scientific CR1000 Datalogger: Solid choice. Very robust. 
NTCIP version 2.0 support. Designed for harsh environments. Flexible 
in handling multiple instrument and serial device connections. Great 
vendor support. They always answer the phone and are practically in 
our time zone! Periodic firmware updates. Future looks even better 
with the CR6 Datalogger.

• RPU backboard: Good, but will be updated on next fabrication. 
Essentially there are an additional 20 screw holes added for flexibility 
in locating serial communication equipment and future datalogger
support (CR6).

• Testing: Definitely a good idea to stage the deployment and not 
upgrade all sites at once. Waiting for all weather conditions requires 
patience and time!  
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Campbell RWIS Station V1 - Pros
• Lufft RSS: The removable housings were useful when swapping 

sensors for the model change, or the need to remove them prior to 
paving jobs.

• Lufft IRS31Pro RSS: sensor has some nice features.
• UMB protocol consistent, predictable, checksum, choice of 20 different 

measurements with different units either averaged or single readings. The UMB 
protocol is not a proprietary secret, but actually has a pretty good detailed 
manual. (see appendix A for more details.)

• The UMB protocol is used in all Lufft instruments and could ease development if 
someone were to choose those.

• Software and hardware tool is available to load firmware and allows 
customization to change reaction to environment, such as transitions from dry 
to moist to wet. They can be calibrated. 
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Campbell RWIS Station V1 - Cons
• Lufft RSS model change from IRS21 to IRS31Pro was significant. This 

affected both hardware design and software. We already had the 
older model installed in places, and needed to accommodate for both. 
(However the IRS21CON module makes this much easier.)

• The installation of a sensor in the pavement is of utmost importance; 
requires clear instructions and skilled personnel to monitor this critical 
process. Much rework was done by the ITS staff to install termination 
resistors and redo splices. To date, none of the existing sites have had 
their RSS installed by the new standard document.

• Troubleshooting a sensor in the pavement is difficult and resource 
intensive. Requires lane closures, multiple personnel, fair weather, 
perhaps multiple site visits. Hard to duplicate conditions in a 
controlled test environment; waiting for snow/ice is tedious.

• LUFFT RSS so far have a failure rate that is too high. Motivates us to 
continue the Out-of-Pavement Sensor evaluation.  
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Setting up for work on In-Pavement Sensor.
Lane closure on I-5.

Mike Re-Splicing cable per new Caltrans D2 
spec.

40



Installing a termination resistor in the road per new Caltrans D2 Spec.
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Campbell RWIS Station V1 - Gotchas
• The CR1000, CR Basic, tower instruments and pavement sensors all 

have a learning curve.  The Campbell Scientific CR1000 manual is 
over 600 pages in length, as is the manual for the LoggerNet software 
support tool. Every instrument has a manual that needs to be 
understood. Each serial device will have a different way to request 
and parse the data which has to be developed and tested in the lab.  

• The retirement of key personnel was a small setback to the learning,  
despite excellent documentation and notes provided by them. 
Resulted in much time reacting to situations rather than proactive 
until proficient.

• CR Basic code evolutionary changes were significant in time spent 
and scope. It has undergone multiple revisions and enhancements 
and could easily stand on its own presentation or even a week-long 
seminar!
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Campbell RWIS Station - Software
• For reference, original code module could print on three pages of 

paper. Current code encompasses multiple modules and will print on 
over 30 pages of paper. (But is actually easier to implement and 
understand.)

• Even the first two Campbell sites had differences, and therefore each 
needed a different program under the original single module design. 
Managing multiple programs for multiple sites would not be 
desirable.

• Site configuration file developed to accommodate site differences.
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CR Basic code for SiteConfig file.  Handles all differences for each site.



Campbell RWIS Station - Software
• Modularized design continued to evolve and proved beneficial in 

making code adjustments to one area, while not affecting another 
area. Easier to focus on small portions of code.

• There is currently only one main module, which is the only one that 
compiles, and inserts the sub modules with the CR Basic “Include” 
statement.  

• Standard sub modules are;
• Site Configuration 
• NTCIP setup/initialization
• Serial IO (Setup and write/read to serial ports)
• Tower Instruments
• In-Pavement Instruments
• Non-Invasive Pavement Instruments
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Snippet of part of main module. Sub modules are highlighted.
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Setting up NTCIP variables on boot.  Configuration values are highlighted



Campbell RWIS Station - Software
• Refined error checking for NTCIP values, as well as tower instruments 

and pavement instruments. 
• Combine detailed error reporting into a single file and manage by type of 

instrument, and type of error. Only need to go to one place to look for errors. 
Date and timestamps are there with a descriptive text string explaining the 
detected error.

• 24 hour summary diagnostic file records totals for any errors, warnings, panel 
temperature ranges. Provides a history of error counts on each day. Are 
numbers increasing? Decreasing? Helps zero in on errors more quickly, rather 
than having to peruse through tons of information. Reset these counts each day.

• Diagnostics for low 3.6v lithium battery and/or DC input voltage to datalogger. 
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Errors at North Weed RPU
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Temperature and 
Humidity code section.

Site configuration 
variables highlighted. 

You can also see the 
error checking and
NTCIP variable load 

from the instrument.



Campbell RWIS Station - Software
• Campbell Scientific LoggerNet software tool compiles the source 

directly on the datalogger. Any datalogger can have new source code 
loaded and compiled remotely. (e.g. Site visits are not required for 
program changes.) We can see the values of all program variables 
remotely using this same tool.

• LoggerNet tool can also provide a console interface where you can 
monitor the traffic on your serial ports. (Very useful for serial 
connected devices.) 

52



Campbell LoggerNet session
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Campbell RWIS Station - Software
• Created a CR Basic module with a library of functions to handle all the UMB 

protocol specifics we use from Lufft.  

• Here is a snippet of their UMB packet structure, but see Appendix A for a detailed 
description on the development process for the UMB protocol.      
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This is how the send packet formation is setup in CR Basic. Notice that we actually request 
seven channels of information. The seventh is a value that tries to represent road friction 
which is interpreted and not supported by NTCIP. We use this internally only.

Campbell RWIS Station - Software
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Campbell RWIS Station - Conclusion
• Current RPU design is stable and major learning curve is over.  (See 

Appendix B for updated BOM for V2)
• District 2 ESS count: 23 total RWIS stations; 10 Campbell; 5 Vaisala LX 

RPU; 8 Vaisala ESS. 
• District 2 RSS count: 55 total RSS; 9 Lufft IRS31Pro; 14 Lufft IRS21; 30 

Vaisala FP2000; 1 IceSight NIPS; 1 Vaisala NIPS.  (See RWIS relay 
screen shot.)

57



Campbell RWIS Station - Conclusion
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Campbell RWIS Station – Future Plans
• We continue to move forward with implementation of the Campbell 

design. Several capital projects have RWIS stations that will be added, 
and we will continue to replace the older existing sites with the 
Campbell design. 

• Pavement sensing continues to be a bit of a challenge in terms of 
reliable sensors and time spent with maintenance. The next 
presentation by Mike Beyer will provide more details.

• Software will continue to evolve with plans such as; querying devices 
for their ID/Firmware; advanced error checking/diagnostics; 
integration of the NIPS into standardized code; installation at a site 
containing an ICWS.

• Adapt RPU design with a CR6 datalogger.
• Most existing Vaisala RPUs can be swapped out in a day.
• Campbell RPU can be assembled and configured in a few hours. (see 

time lapse video.)
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Time-lapse assembly of Campbell RPU
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Thanks!
The entire D2 ITS staff of course:
Mike Beyer
Jeff Cullins
Lonnie Hobbs
Keith Koeppen
Jeremiah Pearce
Ian Turnbull (the boss)
Ken Beals (retired)
Lee Anna Dructor (retired)

D3 ITS:
Michael Mullen

Campbell Scientific: 
John Markham
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Questions?
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Appendix A – UMB protocol primer for Lufft sensor programming.
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Appendix A 
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Appendix A 
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Nice example in Lufft manual of a packet send and receive.



Appendix A
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Multiple commands are 
available. We use the 2F 
command to request multiple 
“channels”, which is essentially 
different types of data.  

Notice that the UMB protocol 
became supported by the 
older IRS21 sensors with an 
interface device called the 
“IRS21CON”



Appendix A 
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Details of packet formation of the 2F command that we use.



Appendix A 
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Multiple “channels” or types of information are available from the road sensors.
Most of these channels are available in both instantaneous reads, and average reads. 
We choose six of these channels to achieve our desired NTCIP reporting. 



Appendix A
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This is how the send packet formation is setup in CR Basic. Notice that we actually request 
seven channels of information. The seventh is a value that tries to represent road friction 
which is interpreted and not supported by NTCIP. We use this internally only.



Appendix A
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The next three slides show the sequence for reading (and validating) data from a UMB device.



Appendix A
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Appendix A

73

End of the “ReadIPS” subroutine.  



Appendix A
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This subroutine is used in step D of the previous subroutine.  These are the CR Basic 
statements that send data to the COM ports, and read data back.



Sensor Instruments;
• RM Young 5103 Wind Sensor
• Texas Electronics TR-525M Heated Rain Guage
• HC2S3 Rotronic HygroClip2 Temperature/RH Probe 
• Lufft IRS31Pro Intelligent RSS with subsurface probe.
• Non-Invasive Pavement Sensing added/replacing In-

Pavement sensors.
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* Blue italics indicate a change from original V1.0 Design

Appendix B – RWIS Station V2 – Design BOM, 2016 (Current) 



RPU Components;
• Campbell Scientific CR1000-Extended Temp.
• Campbell Scientific NL116 Network Interface-Extended Temp. 
• (1) DC 12V Power Supply, (1) DC 24V Power Supply
• Aluminum Fabricated Backboard, Alodine coated. Updated for more 

flexibility in layouts and accommodation of future datalogger.
• (48) Surge Suppression blocks, one for each external wired 

connection.
• Campbell Scientific SIO1 SDM module (serial comm). Fewer needed.
• (4) Lufft ISOCON RS485 isolated power and data.
• Miscellaneous wiring and terminal blocks.
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* Blue italics indicate a change from original V1.0 Design

Appendix B – RWIS Station V2 – Design BOM, 2016 (Current) 
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