2.2  CHART Field Traffic Management Device Descriptions

Extensive descriptions of contemporary and near-future traffic management devices are contained in the SHA CHART Strategic Plan Technical Appendix.  This section provides a brief overview of the devices that will be used for CHART and issues associated with their use.

2.2.1  Traffic and Roadway Monitoring Devices

Sensors used for traffic and roadway monitoring are devices which report or display roadway conditions.  They include Automated Traffic Recorders (ATR), Overhead Traffic Detectors (OTD), Road and Weather Information Systems (RWIS), and Closed Circuit Television (CCTV) cameras.

CHART will implement an extensive system of real-time traffic monitoring to obtain current roadway conditions.  This will enhance incident management response efforts, provide accurate traveler information, and provide the basis for making sound traffic management decisions.  CHART traffic monitoring devices will supplement existing in-pavement loop detectors, ATR units, and overhead mounted microwave radar units.

2.2.1.1 Automated Traffic Recorder (ATR) 

An ATR consists of a roadside equipment cabinet and at least two inductive loop detectors per travel lane embedded in the pavement.  ATRs may be used to detect vehicle presence and the number of axles per vehicle so that vehicles may be counted and classified by type.  The ATR also captures average vehicle speed by vehicle type.  The federal government requires states to collect this information to qualify for federal highway funding assistance.  When used for CHART, however, the ATR is used with a Type 170E traffic monitoring controller to detect roadway occupancy only.  Because inductive loop detectors are more expensive to install and maintain than other traffic monitoring devices, their use will be minimized.  Some existing sites will be converted for CHART use, and a small number of new sites will be installed along the stretch of the Baltimore Washington Parkway controlled by the National Park Service to fulfill federal regulations.

2.2.1.2  Overhead Traffic Detectors

Overhead traffic detectors (radar motion sensors) used for ITS applications come in narrow and wide beam radar, covering from a single lane to four lanes respectively.  Like the ATR, the OTD is used to determine roadway occupancy and whether traffic is moving or not.  Narrow beam directional units are used to detect lane vehicle speeds from 5 miles per hour (mph) up to 80 mph.  (Anything over 80 mph is counted as 80 mph.)  By measuring average speed, CHART can determine if the roadway is becoming congested.  If the roadway becomes very congested, there is likelihood that an incident has occurred.

These units will generally be installed on interstate and primary arterial roadways with a minimum one-mile spacing.  In areas which have a high accident history and/or experience recurring congestion (e.g.,I-95 between Baltimore and Washington) the devices will be installed at ½ mile intervals.

2.2.1.3  Road and Weather Information Systems

Weather conditions have a significant impact on traffic flow because of their effects on the roadway surface and visibility.  Data obtained from in-pavement sensors and RWIS is used by SHA operators to modify traffic management and control strategies and to tailor information displayed on VMSes advising travelers of roadway surface conditions.

In-pavement sensors and stand-mounted aerial weather information systems monitor road and ambient weather conditions respectively.  In-pavement sensors monitor and remotely report pavement temperature and moisture conditions.  Aerial weather information systems monitor air temperature, wind direction and velocity, and dew point.  Usually the two systems are co-located to provide SHA district offices and maintenance shops complete information on local roadway surface moisture conditions.  SHA officials can then remotely determine whether roadway chemical treatment is necessary and monitor the effectiveness of applied chemical treatments.  Pavement sensors are often embedded in bridge decks or other elevated roadway surfaces because of the propensity for these surfaces to freeze before the adjoining ground-covering roadways. 

2.2.1.4  Closed Circuit Television (CCTV) Cameras

Contemporary CCTV cameras used by CHART utilize solid-state electronics installed in a weatherized enclosure to provide NTSC video.  The cameras are integrated with a mechanism that permits remote control of camera pan, tilt, and zoom (P/T/Z).

These cameras are used primarily to validate incidents detected by traffic and roadway monitoring devices and to provide roadway maintenance feedback during snow emergency conditions.  The cameras are generally installed on roadway sections that are within ½ mile of traffic and roadway monitoring devices.  Often a single camera can be used to monitor multi-direction and multi-lane divided roadways, such as I-495 near the American Legion Bridge.

Secondary uses of CHART CCTV cameras include:

Monitoring of road conditions with respect to weather (e.g., snow/ice removal)

Automatic on-demand illumination of monitored roadways in rural areas without lighting

Color determination of hazardous material spilled, and

High resolution to image tire tracks in snow or hazardous material plaque.

2.2.1.4.1  Camera Image and Motion Quality

Image quality is paramount for CHART CCTV operations. Operators must be able to verify incidents and characterize what they see in order to carry out an adequate response. Motion quality is paramount for traveler information dissemination. Operators and the public must be able to discern anomalies in the flow of traffic.  Contemporary ITS CCTV comes in two types: analog full motion video and digital freeze-frame to full motion video.  Analog video transmission requires very high wide-band communication circuits, typically 45 Mbps and higher.  Digital video transmission can utilize much less communications bandwidth if the video is compressed and the video consumer is willing to receive less than full motion images.  Digital video streams that comply with the H.320 standards suite (15 frames per second at 384 Kbps) are usually sufficient for ITS roadway monitoring purposes.

As part of the requirements collection process, the analysts had to determine the minimum acceptable video image and motion requirements to allocate communications bandwidth for CCTV operations.  CHART currently employs both full motion analog and H.320 digital CCTV.  There are ardent CHART supporters for both technologies and the analysts found it difficult to determine CHART CCTV communication bandwidth requirements.

Through the help of Montgomery County, the analysts requested that several critical viewing scenarios be videotaped to facilitate a comparison of compressed, digitized video and full motion, analog video.  The video segments requested are described in Table 2-2. 

Table 2-2.  Video Segment Descriptions Requested

�Seg 1�Seg 2�Seg 3�Seg 4�Seg 5�Seg 6�Seg 7�Seg 8��Analog (Mont. Co camera)�x�x�x�x������Digital (SHA camera)�����x�x�x�x��Night�x�x�x��x�x�x���Day����x����x��Raining�x����x�����Snowing��x�x���x�x���Tire-tracks���x����x���Shoulders����x����x��The primary concerns voiced about compressed video are its propensity to lose image detail because of compression “lossiness” and that 384-Kbps video appears “jumpy” to the viewer.  The “jumpiness” was deemed acceptable by the media.  What remained was to ensure that the compressed video image detail quality was sufficient for CHART and media use. Four scenarios were developed for analog and digital video quality comparison:

Image quality at night when it is raining tempered by rain intensity and headlight halo effects 

Image quality when it is snowing tempered by snow intensity

Ability to discern relative depth of tire tracks on the roadway when it is snowing, and

Ability to identify objects located on shoulders and roadway berms.

Camera video was recorded during three sessions at the MCTMC, with one of these sessions also recorded concurrently at the SOC.  Montgomery County’s ITS uses analog, full motion video.  Selected images from the analog camera video delivered to the MCTMC is compressed and fed to the SOC at 384 Kbps.  SHA  also owns cameras employing compressed digital video at some strategic roadway locations in Montgomery County.  These cameras feed their video to the SOC, which then forwards it to the MCTMC at 384 Kbps.  Consequently, by recording the analog and digital video images, a subjective comparison of image quality by media representatives and professional traffic and incident management personnel was possible.  The objectives of the first session were to record images under day and night conditions while the pavement was dry and ultimately became wet with rain.  The objective of the second session was to revisit night video when it was snowing lightly and the pavement was wet to revalidate headlight halo affects using the two technologies.  The objective of the third session was to validate the two technologies during a nighttime heavy snowfall with significant snow accumulation.  Table 2-3 identifies the camera locations and video type (analog or digital) which were used for the recording sessions.

Table 2-3.  Video Taped Cameras

Analog�Digital�Session�Location��x��(1)�I-495 at River Road South����(2)�I-495 at Connecticut Avenue��x��(1)(3)�I-270 Spur Southbound at Montrose Road��x��(1)�I-270 at MD 118��x��(1)�I-270 at MD 190��x��(2)�MD 355 at Bradley Boulevard��x��(2)�MD 355 at East-West Highway��x��(2)�MD 355 at Gude Drive��x��(1)�MD 355 at Congressional Plaza��x��(2)�Connecticut Avenue���x�(1)�I-495 at MacArthur Boulevard���x�(1)�I-495 at MD 355���x�(1)(2)�I-495 West of MD 355 (Note: no P/T/Z)���x�(3)�I-95 North and Southbound at MD 32��

Table 2-4 lists the video segment recordings obtained and the resultant observations.  The consensus of the evaluators was that camera placement, lighting, and P/T/Z capability were greater factors than bandwidth and signal quality.  Both full motion analog video and compressed digital video suffered from wet pavement glare and neither proved to be substantially more or less effective for use.  The only unfavorable factor remaining for compressed video transmitted at 384 Kbps, then, is the slightly “jumpy” image.  Once again, the TV broadcast media representative commented that the “jumpy” images viewed would be acceptable for broadcast.

Table 2-4.  Video Segment Descriptions Received

�Seg 1�Seg 3�Seg 5�Seg 6�Seg 7�Observations��Analog (Mont. Co camera)�x�x��x����Digital (SOC camera)���x��x���Night�x�x�x��x�No conclusive difference exists for nighttime viewing during rain. Halo effects resulting from refraction through rain drops affect analog full motion images as well as digitized, compressed images.

The primary determinant of night image quality is the level of ambient light.��Day������No appreciable difference in image quality��Raining�x�x�x���Same as above.��Snowing�����x�No appreciable difference in image quality��Tire-tracks�����x�The ability to discern tire track depth was essentially the same.��Shoulders����x��The pan/tilt/zoom function was defective on the digital camera.��Although the field analysis demonstrated that compressed H.320 video would adequately support CHART operations and traveler information requirements, the analysts were directed to include cost for both 384-Kbps digitized video and analog video communications bandwidth in the cost analysis.

2.2.2  Traveler Information Devices

2.2.2.1  Variable Message Sign

Variable message signs (VMS) provide travelers dynamic en-route information regarding a variety of conditions.  Several types of VMSes have been developed.  Those employed for CHART have been carefully selected for flexibility to support both stand-alone operation and TAR sites.  For the latter, signs are turned on in advance of a particular TAR segment whenever radio messages are being broadcast. 

For stand-alone operation, the signs are used to display up to three lines of alphanumeric text.  These signs are remotely programmable and employ a variety of technologies to display messages.  VMSes currently being added to the CHART inventory utilize fiber optic technology to display alphanumeric and graphic information.

For CHART operations, VMSes will be placed within 1 to 1½ miles of traveler decision points to provide ample time for travelers to choose alternative routes to avoid congestion or traffic incidents.

2.2.2.2  Traveler Advisory Radio (TAR)

An excellent method of providing en-route traveler information is through car radios.  TAR provides an economical means of providing significant amounts of information to motorists regarding traffic conditions, emergency evacuation routes, special events, and roadway construction sites that may impact their journey.

The State currently utilizes thirteen 10-watt transmitters located in the Annapolis-Baltimore-Frederick-Washington area.  The broadcast range of these transmitters varies with terrain and atmospheric conditions.  SHA has created “TAR corridors” for Interstate and major arterial roadways to “get the message out and keep the motorists moving.”  The 10-watt, pole mounted transmitters provide up-to-date information to travelers regarding verified incidents, alternate routes available, and special events.

2.2.2.3  Dynamic Traveler Alert Sign

Dynamic traveler alert signs (DTAS) provide motorists with TAR-related information and are deployed near TAR installations.  Dynamic traveler alert signs are normally mounted overhead on a cantilever sign structure.  The signs may also be ground-mounted along lower volume roads or roadways with low truck volumes.  The overhead sign includes a white and blue legend stating “Travel Info - Tune Radio to XXXX AM.”  It also contains a supplemental black on yellow warning sign with the legend “Traffic Alert When Flashing” mounted at the bottom of the sign, and two flashing beacons which are located at the top of the sign.

The dynamic traveler alert signs are used to inform travelers regarding the radio frequency at which real-time traveler information and tourist information is available.  The flashing beacons are used to draw the motorists’ attention to traffic alert messages.

2.2.2.4  Traffic Signals

The current Econolite traffic signal system is supported by approximately 300 low-speed analog dial-up circuits between three types of signal devices in the field and the signal shop located at the SOC.  At some point in the CHART telecommunications subsystem life cycle, the signal control system is envisioned to be integrated into the CHART system with respect to the user interface and possibly the control software.  At this point, it is possible that existing communications circuits to the signals will also be integrated into the CHART telecommunications subsystem.  

The CHART communications architecture is required to provide an interface to the traffic signal control system.

�2.2.3  Statewide Radio Frequency Base Stations

Statewide wireless technology is related to the CHART system, but is not applicable to the study at this time.  Approximately 68 radio frequency base stations exist throughout the state for the purpose of providing two-channel statewide radio coverage.  Base stations provide local area wireless coverage for mobile radio sets and are interconnected to each other via an unidentified number of DS-0 (64-Kbps) wireline circuits. 

The CHART communications architecture is required to provide an interface to the wireless base stations.

2.3  CHART Device Roll-out

This section addresses issues regarding device placement.  These issues include both geographic placement and inter-device spacing along stretches of roadway.  These issues can have a significant impact on the effectiveness and cost of the CHART ITS system.  

2.3.1  Device Spacing

Spacing of traffic and roadway monitoring devices along a roadway for the purpose of incident detection will have the most impact on CHART’s effectiveness.  When a roadway is operating close to capacity, any minor incident can cause traffic flow to deteriorate quickly.  While closer device spacing enables faster incident detection, the cost increases proportionately.  Studies performed by JHK Associates have shown that the incident detection time obtained using ½-mile device spacing is almost halved when compared to one-mile spacing.  However, a similar reduction is not produced by using 1/3-mile spacing.

�

Figure 2-1.  Incident Detection Time

Figure 2-1 shows the alternative CHART incident detection spacing analysis curves that were published by JHK Associates in the Draft CHART Strategic Plan Technical Appendix, dated February 1996.  The figure illustrates that as congestion increases (represented as reduced incident capacity) spacing between incident detection devices becomes critical for recognizing of anomalies. 

For areas which experience non-recurring congestion, a high number of accidents, and significant queuing, ½-mile spacing should be used so that incidents may be detected quickly.  This will allow faster initiation of incident response activities, and quicker dissemination of useful traffic advisory information to travelers.  In other areas which experience recurring congestion, detectors will be placed at 1 or 1½ mile intervals.  Devices in more rural areas will be placed at intervals greater than 1½ miles. 

2.3.2  Roll-out Timeline

The CHART program currently holds a near to mid-term plan for device placement with three categories of priority for all devices.  The three priorities map to three time ranges as follows:

Priority 1 (P1) within 1 year

Priority 2 (P2) within 1 to 3 years

Priority 3 (P3) between 3 and 10 years

All three device priorities are scheduled for installation by using funding available from five major interstate corridor Interstate Discretionary Funded (IDF) projects.  For the purposes of the cost analysis, a device-by-device deployment schedule will be derived.   The desired times for deploying devices for each  priority level will be weighed against  the current MSHA operational capabilities.  These deployment times may be adjusted to reflect achievable deployment goals. 

�2.3.3  Device Placement 

During this analysis, a device inventory of all current and planned CHART devices was created, keyed to a CHART site number.  The inventory, which is presented in its entirety as Appendix A, includes the following data:

Site Number

Site Location

Device Types at Site

Number of each type of device

Device Orientation (north- or southbound)

GIS-based maps depicting CHART device placement along roadways and each of the various geographic areas of interest were received as input to the requirements process.  Table 2-5 shows desired overlays that allow bandwidth estimates to be determined and technical architectures constructed. 



�Table 2-5.  GIS-based Map Requirements

�Map 1�Map 2�Map 3�Map 4�Map 5�Map 6�Map 7�Map 8�Map 9��Existing Manholes �x�x�x�x�x�x�x�x�x��Existing Poles/ pedestals �x�x�x�x�x�x�x�x�x��Existing POPs �x�x�x�x�x�x�x�x�x��LATA Boundaries�x�x�x�x�x�x�x�x�x��SHA Facilities (HQ, SOC, TOCs, AOC, Districts, Shops)�x�x�x�x�x�x�x�x�x��Other locations (park-n-ride, radio shops, etc.)�x�x�x�x�x�x�x�x�x��MSP Barracks�x�x�x�x�x�x�x�x�x��HQs - SHA, MTA, MDTA, MVA, Port Authority, MDOT, MSP�x�x�x�x�x�x�x�x�x��All existing SHA devices�x�x�x�x�x�x�x�x�x��Existing and planned Montgomery County CCTV cameras�x�x�x�x�x�x�x�x�x��Year 0-1 Network

- All P1s installed by end of Year 1

- MCI/TCG Devices�x�x�x�x�x�x�x�x�x��Year 1-3 Network

- All P2s installed by end of Year 2��x�x��x�x��x�x��Year 3-10 Network

- All P3s installed by end of Year 10

- CHART Strategic Plan Devices (Big Map: west, east, Rt70, 32, 27, 15, Balt city)���x���x���x��District Boundaries����x�x�x�����Shop Boundaries�������x�x�x��

2.3.4  Use of Montgomery County CCTV Sites

Through cooperative use of Montgomery County’s growing fiber optic cabling infrastructure, it may be advantageous for both SHA and the County to share access to CCTV sites that are positioned such that both County and State roadways can be monitored through shared use and control of the same CCTV camera.  Sites along I-495 and I-270 (e.g., MD-185, MD-355, Old Georgetown Road, Bradley Blvd., River Road, etc.) will, pending administrative agreement, be available for viewing as long as appropriate communication connectivity and image selection/control can be provided to SHA.  For the cost analysis, two Montgomery County CCTV scenarios were analyzed.  In the first scenario, an agreement between SHA and the County was assumed, requiring a minimum of one interface to the MCTMC communications infrastructure.  For the second scenario, it was assumed that no agreement could be reached with the County.  A cost sensitivity analysis was performed assuming the SOC requires connectivity to SHA-installed CCTV sites as proposed along I-270 and I-495.  In both scenarios, SHA is responsible for the connectivity requirements to SHA’s non-CCTV sites/devices along I-495 and I-270.

2.4  CHART Facilities

The following SHA facilities will use services provided by the CHART network: 

SOC

AOC

College Park, Golden Ring, and Montgomery County (MCTMC) TOCs

LaVale (District 6 office) and Bay Bridge seasonal TOCs

District Offices

I-95/I-495 Park and Ride

Maintenance Shops

Maryland State Police Barracks

MEMA (Carroll County)

MDOT Modal Headquarters
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