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Abstract

A The Washington State Department of Transportation has been working on identifying
efficient and cost effective ways of collecting data from rural areas of the state. We took
the successes and failures of previous projects and started the process of researching
new technol ogi es t o Duringthepiocessavg eollectgddata frone e d s
all our different divisions to determine what types of data is needed in rural areas,
capacity needs, and data speeds. To be efficient we needed to ensure the new data
system could take advantage of existing resources used by our voice system.

AIn 2009 we implemented a new pilot project that was focused on the mobile ITS device,
the snow plow truck, using medium speed (64Kbps) IP Technology. Two mountain top
radio sites were selected that provided wireless communications in an area that had little
to no commercial wireless services. We were successfully providing near real-time data
from the truckqos o0 nb dlemprdjecdgaitkls expanded tetloetfixted n b
ITS devices. We successfully connected to devices 10.9 and 49 miles away.

A Currently we use high speed (above 500Kbps) and medium speed wireless
communications to control over 125 rural ITS devices statewide.
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Overview

APrevious Projects
- Lessons Learned

AExisting Systems and Current
Deployment

- Projects
- Technology

ADetails
- Engineering
- Tools
- Technology
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Previous Projects
Lessons learned
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Previous Projects
How did we get to where we are today

ASnoqualmie Pass (1994) ASR16 Video Project (2004)
- Licensed 960 MHz - Unlicensed 5.8 GHz
-PTP and PTMP -PTP and PTMP
- Analog - Digital
- Limited bandwidth - Interference

AI5 Tacoma Video (1995)
- Licensed 18 & 23 GHz
- Analog
- Equipment limitations
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AStevens Pass (1998)
- Existing Voice System
- Voice or Data?
- What data is needed?
- Analog
- Limited bandwidth
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Previous Projects
Snoqualmie Pass

AProject
- Provide traveler information over 190 and variable
posted speeds over the mountain pass. 190 is the main
artery from Port of Tacoma and Port of Seattle to the
Eastside of the state.
- VMS, VSL, Speed detection, RWIS and HAR.
- Adjusted pass speeds based on conditions.
- Software applications were developed to communicate
to the field equipment to make speed suggestions.
- Suggested speeds automated from information gathered
by ITS devices but manually executed.
- Roadside equipment shelters were concrete huts.
- Licensed 960 MHz Wireless Data Radios
- Wireless equipment was analog and configured for PTP
and PTMP

- FSK 9600 Baud
- Limited bandwidth
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Previous Projects
Snoqualmie Pass

AChallenges

- Original outside services design and installation.
- Lack of understanding in wireless communications
systems.
- Software applications lack delays needed for wireless
systems.
- Radio path analysis (site location) was done with a
handheld radio by listening to audio quality.
- Terrain over the pass created challenges in design,
installation and maintenance.
- Environmental conditions impacted signal strength

by creating multipath.
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Previous Projects
Snoqualmie Pass

ALessons learned
- In software developed ITS solutions the delays in wireless communications as
opposed to direct connect need to be taken into consideration.
- Multi hop radios packet acknowledgement delays are accumulative and need extra

time.
- Packet size needed to be reduced to improve performance over the air.
-Radi o carrier Aon timeo needed to be incr
- If systems are essential and redundant, communications and control systems are

needed.

- Concrete huts were under several feet of snow in the winter or inaccessible due to avalanche
danger. Hard to reset system if required.
- Ice buildup on exposed Yagi antennas decrease performance. If ice is an issue use
enclosed antennas.
- Ensure contractor uses proper path calculation when designing wireless system.

A Current state of deployment
- The system is still used today. After 17 years of use the system is due to be replaced
this summer with a digital Mesh system.
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Previous Projects
|5 Tacoma Video

AProject
- Provide CCTV with PTZ control in the Tacoma WA area to
monitor traffic congestion.
- Licensed 18 and 23 GHz Analog Microwave.
- NTSC composite video image over analog.
- Took the raw composite video feed and transmitted over
wireless. 1 video feed per wireless link.

AChallenges

- Original outside services design and installation.
- Lack of understanding in wireless communications systems.
- Alignment of 23 GHz microwave systems

- In an analog system the noise and video distortion was

cumulative in a multi hop environment.
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Previous Projects
|5 Tacoma Video

ALessens learned
- Was not cost effective to deploy in other areas.
- Contract specified the use of qualified personnel to

align microwave equipment was required.
- Personnel were not skilled and this added a year
delay to project completion. At 23 GHz frequencies

path alignment is critical.

ACurrent state of deployment
- The last path was decommissioned in 2009 and

replaced by fiber.
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Previous Projects
Stevens Pass

AProject
- Provide winter operations data from the snow removal
equipment (Snow Plow Truck).
- Use existing voice communications infrastructure.
- Collect the data in near real time to make business
decision on equipment deployment and materials.

AChallenges

- Ourselves
- We could not decide what information was relevant to make

real time decisions. Everything was sent real time. Plow
up, plow down, sander on, sander off, speed, temperature.

- The voice system was analog and limited in bandwidth.
4800 baud was the maximum rate that could be

established.

=N
7- Washington State
V/& Department of Transportation 11



Previous Projects
Stevens Pass

ALessons learned
- In a shared system (voice and data) voice should have the

higher priority. However when resources are limited in a storm
voice is always present. No data transmitted.

- What data is needed in near real time? It is a business decision
however we demonstrated that if everything is sent real time
bandwidth limited systems will not be able to meet the demand.

- Needed to be seamless to the operator.
- More bandwidth is needed to make real time decisions.
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A Current state of deployment
- Decommissioned shortly after first winter.
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Previous Projects
SR16 Video Project

AProject

- Provide CCTV with PTZ along SR16 to monitor traffic congestion and '
ramp metering due to new Tacoma Narrows Bridge construction and
tolling.

- Use digital IP technology to transport the images.

- MPEG 2 encoders were used to convert NTSC Video to a digital
format and to decode at the TMC.

- Wireless design done with state forces.

- Provide wireless connectivity to the closest fiber hub.

SR16 SBABurnham

AChallenges

- Finding locations for the cameras between the rolling hills and tree
line that provided good visibility for both the camera and wireless
equipment.

- Using the congested unlicensed 5.8 GHz. Outside interference as
well as another WSDOT project interfering with our equipment.

- Wireless equipment selection was not the best choice for CCTV.

- Vendor equipment IP watchdog continuously reset the port due to
one-way IP traffic, streaming video duh.

- MPEG 2 was bandwidth hungry and early IP radios were 10 Mbps.
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Previous Projects
SR16 Video Project

AlLessons learned

- Unlicensed spectrum use is consistently changing. Using fixed
frequency radios in the spread spectrum band can be challenging.

- Frequency reuse plan.

- Vendor and equipment selection needs to be researched prior to
purchase. Ask for a demonstration in your application.

- IP watchdog with streaming video is not a good combination. We had to
add a Ping device at the TMC to ping the far end device.

- Auto negotiation will default to 10 Mbps at half duplex. Hard set your
ports. Use manage devices to monitor port speeds and duplex.

- MPEG 4 is more friendly in a wireless system backhaul.

- IP Packet size was too large for a multi hop system.

- Power over Ethernet (PoE) needs additional weather proofing.
Manufacturer supplied weather proofing was not efficient for the
Northwest environment. Monkey poop (vapor barrier tape) is better, just
remember the courtesy wrap.

- Trees grow fast, Fresnel zone clearance.

A Current state of deployment
- Parts are still in service, we update encoders to MPEG 4 and replace
most of the wireless equipment with more reliable equipment.
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Previous Projects

Lessons learned - Relevant to today's technology

A When using outside contractors for wireless design and installation specify in the contract that
gualified wireless engineers and technicians be used.

A Using the correct tools for path analysis is key to project success.
- When using design build contract we ask for a copy of the path analysis and verify path calculations.
A Unsure line of sight is verified along with path clearance, use a bucket truck or climb the tower.
A Use enclosed antennas in cold winter environments.
A If data is critical use redundant systems, especially if winter conditions make it difficult to access.

A When collecting data in a limited bandwidth system determine what data is needed near real time
and what can be stored and dumped later when bandwidth is available.

A Shared voice and data systems provide operational challenges when resources are limited.
A When using IP equipment hard set ports for duplex and speed.

AWhen sending CCTV over | P wireless equipment ver
watch dog at the Ethernet port. If so, can it be disabled. A simple ping to the far end can prevent
resets.

A Packet size is important in a multi-hop environment even at IP.

- Use a network analysis tool to look at IP traffic and analyze packets and packet sizes.
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Existing Systems i Current Deployments
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Existing WSDOT Systems

WSDOT has over 310 Wireless Communications locations
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Includes sites for voice communications and ITS equipment locations
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Existing WSDOT Systems

160 Wireless Communications locations support LMR voice system
A Current deployment of the LMR system covers 95% of the state highway system.

A The current analog voice system is divided into an east and west deployment using
the natural dividing line of the Cascades. Further division is the 6 individual Regions.

A The system requires communications from sites to central switches in each Region.

A Microwave is used as the backhaul from sites. Early deployment of the LMR system
backhaul was primarily analog and provided by Washington State Patrol.
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Existing WSDOT Systems
Regional ITS Wireless Backhaul

AWSDOT has rural ITS deployments throughout the state. Deployment is still fractured
by the 6 individual Regions. Each Region has different ITS needs and deployments.

A Our first generation ITS systems were analog, expensive and limited.
A As ITS equipment evolved we determined digital IP based backhaul was needed.

AIn 2001 WSDOT started to deploy digital wireless systems to support ITS equipment.
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