Lecture 6.41

6.1 Highway Traffic Management System (HTMS)
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Concept and Need for HTMS on Expressways

A Highway Traffic Management System (HTMS) is an integrated combination
of electronics, telecommunications, computer hardware, and software deployed
along highway corridors to maintain smooth traffic flow, improve safety, and
rapidly respond to highway emergencies.

High-speed corridors experience catastrophic secondary accidents if initial
disruptions like breakdown vehicles or crashes are not detected and cleared
immediately. HTMS shifts highway management from reactive manual
patrolling to proactive, real-time automated intervention.

The primary engineering objectives of HTMS include reducing travel time
delay, preventing secondary crashes, monitoring vehicle overloading, informing
drivers of downstream hazards, and providing swift medical and mechanical
assistances.

Integration of telecommunications, sensors, and civil infrastructure
Proactive incident management versus reactive manual patrolling
Mitigation of secondary collisions and high-speed multi-vehicle pileups
Enhancement of highway corridor capacity without physical widening
Improvement of user safety and emergency medical response times
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Core Subsystems of an HTMS Network

An effective HTMS consists of several specialized subsystems installed at
strategic intervals along the highway. These subsystems collect data from the
field, process it locally or centrally, and execute necessary traffic control
actions.

The main field subsystems include Video Surveillance Systems (CCTV),
Automatic Traffic Counter and Classifier (ATCC), Variable Message Signs
(VMS), Emergency Call Boxes (ECB), Meteorological Monitoring Sensors
(MET), and Weigh-in-Motion (WIM) stations.

All these field devices are connected via a high-speed Fiber Optic Cable (FOC)
network laid along the highway right-of-way, communicating continuously with
the Central Control Centre (CCC).
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Advanced Video Surveillance (CCTV & AID)

Closed-Circuit Television (CCTV) cameras are installed at 1 to 2 km intervals
along expressways and at critical locations such as interchanges, toll plazas,
bridges, and tunnel portals. Modern cameras feature Pan-Tilt-Zoom (PTZ)
capability with 360-degree rotation and high optical zoom.

Integrated with CCTV is Automatic Incident Detection (AID) software. AID
uses video analytics algorithms to automatically spot anomalous traffic
conditions, such as stopped vehicles, wrong-way driving, pedestrians on
expressways, debris on carriageways, and sudden speed drops.

When an anomaly is detected, the AID system instantly alerts control room
operators with visual alarms and camera pop-ups, enabling verification within
seconds.

e CCTV spacing guidelines (typically 1 to 2 km along expressways)
@ PTZ camera functionality for detailed incident verification

o Automatic Incident Detection (AID) algorithms and video analytics

@ Real-time detection of stopped vehicles, wrong-way movement, and debris
@ Reduction of human operator fatigue through automated alarm triggers
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Traffic Data Collection via ATCC and Radar Sensors

Automatic Traffic Counter and Classifier (ATCC) units are deployed at major
section intervals (typically every 5 to 10 km) to collect continuous traffic
volume, speed, and vehicle classification data.

ATCC systems utilize non-intrusive technologies such as microwave radar,
infrared sensors, or magnetic induction loops embedded in the pavement. They
automatically classify vehicles into categories like two-wheelers, cars, LCVs,
buses, multi-axle trucks, and oversized vehicles according to IRC standards.

The collected speed and volume metrics are analyzed to determine the Level
of Service (LOS), occupancy rates, and peak hour traffic patterns across
different highway segments.

Continuous automated volume, speed, and density measurement
Classification of vehicles as per Indian Roads Congress (IRC) norms
Technologies used: Microwave radar, video detectors, and inductive loops
Calculation of Level of Service (LOS) and volume-to-capacity ratios

Data export for highway planning, toll forecasting, and pavement
maintenance
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Variable Message Signs (VMS) & Information

Dissemination

Variable Message Signs (VMS) are large LED display gantries installed over
highway carriageways at strategic points prior to major interchanges, toll
plazas, and accident-prone zones.

VMS displays real-time, dynamic information to drivers, including advisory
speed limits, warnings about downstream accidents, fog conditions, lane
closures, travel times to upcoming destinations, and diversion instructions.

By providing timely and accurate information, VMS allows drivers to adjust
their driving speed, select alternate routes, and exercise heightened caution,
significantly reducing rear-end collisions.

Full-matrix LED gantries mounted over carriageways

Display of real-time alerts: accident ahead, dense fog, lane blocked
Advisory speed limits and dynamic rerouting guidance

High visibility under adverse weather and night conditions

Remote management from the Central Control Room
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Emergency Call Boxes (ECB) & Help Hotline Systems

Emergency Call Boxes (ECB) are roadside voice communication terminals
installed at regular intervals (typically 1 km apart on both sides of the
expressway) to assist stranded motorists during breakdowns or medical
emergencies.

ECBs are powered by solar panels and equipped with backup batteries.
Pushing a single button connects the user directly to the control room
operator via cellular (GSM/4G) or optical fiber lines.

Each ECB automatically transmits its exact geographic coordinates and pole
ID to the central console, allowing operators to immediately dispatch highway
patrol units, ambulances, or towing cranes without location confusion.

Standard spacing: 1 km intervals on both highway carriageways
Solar-powered units with internal battery backups
Single-push-button operation for instant operator connection
Automatic transmission of precise pole location/GPS coordinates
Rapid dispatch of patrol vehicles, tow trucks, and medical response
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Environmental and Meteorological Monitoring

Stations

Meteorological (MET) sensors are installed along expressways to monitor
weather conditions that jeopardize driving safety, particularly in fog-prone,
coastal, or high-altitude regions.

Key parameters measured include visibility distance (using optical
scatterometer sensors), rainfall intensity, ambient temperature, crosswind
speed, and surface pavement temperature (for ice or oil slick risks).

When visibility falls below safe thresholds (e.g., fog reducing visibility to under
50 meters), the MET station triggers automatic alerts on upstream VMS
gantries and advises lower speed limits.

MET Sensor Type Measurement / Function

Optical Scatterometer Visibility distance (detects fog and smog)

Wind Anemometer Crosswind speed (flags hazardous winds on
bridges)

Pavement Sensor Surface condition (wet, icy, or oil slick risks)

Thermometer & Rain Gauge | Ambient temp, pavement temp, and rainfall
intensity
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Weigh-in-Motion (WIM) & Overload Co

Weigh-in-Motion (WIM) systems measure axle loads and gross vehicle weights
of trucks as they travel at normal highway speeds, without requiring vehicles
to stop.

High-speed WIM sensors embedded in main carriageway lanes identify
potentially overloaded freight vehicles. If an overload is flagged, the vehicle is
directed via static VMS signals to a low-speed WIM or static weigh bridge at
the upcoming toll plaza or exit ramp for legal enforcement.

Controlling vehicle overloading through WIM protects pavement structural life,
prevents premature rutting and fatigue cracking, and reduces severe brake
failure accidents.

Vehicle passes Measure Weight
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Central Control Centre (CCC) Architecture &

Software

The Central Control Centre (CCC) serves as the brain of the HTMS. It houses
central servers, video walls, operator consoles, GIS mapping systems, and
database storage.

Central HTMS software integrates data feeds from all field subsystems into a
single Graphical User Interface (GUI). Operators can monitor live video, review
AID alerts, track patrol vehicle locations via GPS, change VMS messages, and
coordinate emergency dispatches.

Advanced software modules also archive historical traffic data to generate
analytical reports, evaluate Level of Service, and optimize corridor operational
strategies.

@ Centralized nerve center for highway operations and surveillance

o Large-format LED video walls displaying camera grids and GIS maps
Unified software GUI integrating CCTV, VMS, ATCC, ECB, and WIM
data

@ GPS tracking of highway patrol vehicles, ambulances, and cranes
Database storage for historical analysis and performance auditing
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Operational and Economic Benefits of HTMS

Implementation

The implementation of HTMS yields multi-fold benefits for highway
concessionaires, transport authorities, and road users.

Operational benefits include up to 50% reduction in incident response times,
decrease in traffic congestion delays, higher average travel speeds, and
significantly reduced secondary accident rates.

Economic and environmental benefits include reduced fuel consumption,
lowered vehicle emissions due to smoother flow, extended pavement service life
due to overload enforcement, and reduced economic loss from fatal highway
crashes.

@ Significant reduction in emergency response and incident clearance times
@ Lower accident rates and secondary collision prevention

@ Fuel savings and reduced greenhouse gas emissions

@ Protection of highway assets and extended pavement maintenance cycles
o High Benefit-Cost Ratio (BCR) for expressway infrastructure projects
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Summary: Key Pillars of HTMS

In this lecture, we covered the fundamental concept, sub-components, and
operational framework of Highway Traffic Management Systems (HTMS).

HTMS integrates real-time field surveillance (CCTV/AID), automated
counting (ATCC), driver warnings (VMS), emergency communication (ECB),
weather sensing (MET), and load enforcement (WIM) through a robust
fiber-optic backbone connected to a Central Control Centre.

Understanding HTMS is essential for modern Civil Engineering diploma
graduates entering highway concessionaires, infrastructure agencies (NHAI),
and smart transportation consultancy firms.

@ HTMS shifts highway operations from manual patrolling to automated
management

o Core subsystems work synergistically to enhance expressway safety and
flow

o Fiber-optic communications enable real-time central monitoring at the
CCC

@ Overload control via WIM protects pavement design life

@ Next lecture will focus on Intelligent Transportation Systems (ITS)
framework
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