Lecture 6.44

6.1 Highway Traffic Management System (HTMS)
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NHAI and IRC Guidelines for HTMS Deployment

The National Highways Authority of India (NHAI) and the Indian Roads
Congress (IRC) have established detailed technical guidelines for HTMS
deployment on national highways and expressways (e.g., IRC:SP:87 and NHAI
Policy Circulars).

These guidelines mandate equipment specifications, mounting height, optical
zoom capabilities, environmental enclosure ratings (IP66/IP67), sensor
accuracy thresholds, and minimum communication bandwidth.

Compliance with these standard specifications ensures interoperability across
different concessionaire sections, high reliability under harsh weather
conditions, and seamless integration into state and national control hubs.

o IRC:SP:87 guidelines for 4-lane and 6-lane expressways

o Mandatory hardware placement, spacing, and height norms

e Environmental protection standards (IP66/1P67 enclosures for outdoor
sensors)

@ Minimum video resolution and optical zoom requirements for PTZ
cameras

@ Interoperability standards for multi-concessionaire highway corridors
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Incident Management Lifecycle: Detection to

Clearance

Incident Management is the primary operational mandate of an HTMS control
room. The incident lifecycle consists of five sequential stages: Detection,
Verification, Response Dispatch, Traffic Control & Scene Management, and
Scene Clearance.

Detection occurs via Automatic Incident Detection (AID) cameras, ECB calls,
or highway patrol reports. Verification involves control room operators panning
CCTV cameras to confirm the exact nature and severity of the incident.

Response Dispatch mobilizes the required emergency services (ambulance, fire
tender, hydraulic crane, police patrol). Scene Management directs incoming
traffic away from blocked lanes using VMS gantries, while Clearance removes
damaged vehicles and restores full carriageway capacity.

1. Detection 2. Verify 3. Dispatch 4. Manage 5. Clear
(AID, ECB) (CCTV) (Response) (VMS, Cones) (Restore)
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Automatic Incident Detection (AID) Video Analytics

Automatic Incident Detection (AID) systems rely on advanced video analytics
algorithms embedded within roadside edge processors or central servers.

AID continuously monitors video streams to detect specific spatial-temporal
traffic anomalies. Key algorithms include background subtraction, optical flow
estimation, and deep learning object tracking.

Common incidents detected within 10 to 15 seconds of occurrence include
stopped vehicles on active carriageways, wrong-way driving, pedestrians
walking on expressways, dropped cargo/debris, sudden queue buildup, and
smoke/visibility drops inside highway tunnels.

Algorithmic detection of traffic anomalies within 10-15 seconds

@ Detection parameters: Stopped vehicle, wrong-way driver, pedestrian,
debris

Optical flow and background subtraction video processing models
Tunnel safety monitoring (smoke detection, vehicle fire alerts)
Instant pop-up alerts on central video wall with audio alarm triggers
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FASTag and Electronic Toll Collection (ETC)

Integration

Electronic Toll Collection (ETC) via India's FASTag program is an integral
operational component of modern HTMS ecosystems.

FASTag operates on Passive RFID technology in the 860-960 MHz UHF band.
Roadside RFID readers mounted on toll gantries read the vehicle's unique tag
ID as it approaches at speed.

Integration with HTMS allows cross-referencing toll plaza RFID scans with
mainline ATCC sensors and Weigh-in-Motion (WIM) scales. If an overloaded
or blacklisted vehicle passes an ETC lane, the barrier remains closed and alert
flags are dispatched to highway enforcement.

Passive RFID technology operating at UHF band (860-960 MHz)
Automatic toll deduction without vehicle stopping, eliminating queues
Cross-verification with WIM sensors to enforce overload penalties
Identification of stolen or blacklisted vehicles via central databases
Integration with ANPR (Automatic Number Plate Recognition) for dual
validation
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Variable Speed Limit (VSL) & Ramp Metering

Operations

Variable Speed Limits (VSL) dynamically adjust legal or advisory speed limits
along highway segments based on prevailing traffic density, rain, fog, or
downstream accident blockages.

Ramp Metering uses traffic signals installed on expressway entry ramps to
control the rate at which vehicles enter the main highway carriageway.

During peak demand, ramp meters release vehicles in small platoons (one or
two cars per green light), preventing mainline traffic breakdown and
maintaining optimal mainline flow speeds.

Dynamic adjustment of speed limits via digital VSL roadside signs
Lowering speed limits during heavy rain, fog, or downstream congestion
Ramp Metering signals deployed on entry slip roads/ramps

Control of vehicle merging rates to protect mainline capacity
Prevention of shockwaves and sudden braking on mainline carriageways
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Communication Backbone: Fiber Optics &

Redundancy

The reliability of an HTMS depends entirely on its telecommunications
infrastructure. Single-mode Fiber Optic Cables (FOC) are laid in protective
HDPE ducts along both sides of the highway carriageway.

Network topology uses a Ring Redundancy configuration (e.g., Resilient
Packet Ring or Gigabit Ethernet Rings). If a physical cable is severed by
roadside construction work, network traffic instantly re-routes in the opposite
direction around the ring within milliseconds.

Industrial Gigabit Ethernet switches housed in IP66 weatherproof outdoor
cabinets connect field equipment to the main optical backbone.

Single-mode Fiber Optic Cable (FOC) laid in dual HDPE conduits
Self-healing Ring Redundancy network topology

Sub-50 millisecond automatic failover during physical cable cuts
Industrial-grade Ethernet switches with wide temperature tolerance
(-40°C to +75°C)

@ Wireless 4G/5G backup links for emergency failover communication
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Power Supply Infrastructure & Resilience

Field HTMS components operate 24/7 in remote rural locations where main
grid power supply may be unreliable or prone to outages.

Power infrastructure incorporates Uninterruptible Power Supply (UPS) battery
banks providing a minimum of 4 to 8 hours of continuous operation during
grid failures.

Solar photovoltaic panels paired with lithium-ion batteries are widely deployed
for remote Emergency Call Boxes and VMS gantries, ensuring complete
off-grid operational self-sufficiency.

Solar PV Panels Charge LiFePO4
(with SPD) Controller Battery Bank

HTMS Field

Equipment
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Case Study: HTMS on Indian Expressways

Major Indian expressways, such as the Yamuna Expressway (165 km),
Mumbai-Pune Expressway (93 km), Delhi-Mumbai Expressway, and Samruddhi
Mahamarg (701 km), feature state-of-the-art HTMS implementations.

Key features deployed include full CCTV coverage with AID video analytics,
radar-based speed enforcement cameras, automated tolling via FASTag,
solar-powered ECBs every kilometer, and overhead VMS gantries.

Data from these corridors demonstrates a 40% reduction in average emergency
response times, significant reduction in over-speeding violations, and
successful prosecution of lane-discipline violators.

Yamuna Expressway & Mumbai-Pune Expressway HTMS implementations
Samruddhi Mahamarg (Maharashtra): 701 km smart expressway corridor
Integrated speed enforcement radars and ANPR camera networks
Reduction of accident response times from 45 minutes to under 15
minutes

Demonstrated safety improvements and operational efficiency gains
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Key Performance Indicators (KPIs) for HTMS

Evaluation

Transportation authorities evaluate the operational success of an HTMS using
standardized Key Performance Indicators (KPls).

Primary KPIs include Mean Time to Detect (MTTD), Mean Time to Verify
(MTTV), Mean Time to Clear (MTTC), VMS message accuracy, system
uptime percentage (target ; 99.5%), and accident reduction rate.

Continuous monitoring of these KPIs allows highway operators to identify
operational bottlenecks, optimize patrol vehicle positioning, and ensure high
service quality for toll-paying commuters.

KPI Metric | Description Target Value
MTTD Mean Time to Detect (incidents) < 3 minutes
MTTV Mean Time to Verify (via CCTV) < 1 minute

MTTC Mean Time to Clear (incident scenes) | < 30 minutes
Uptime System Availability Percentage > 99.5%

Safety Fatal / Secondary Crash Rate Continual Reduction
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Standard Operating Procedures (SOPs) for Operators

To ensure rapid, error-free action during high-stress highway emergencies,
control room operators follow strict Standard Operating Procedures (SOPs).

SOPs define exact protocols for handling specific emergency scenarios, such as
multi-vehicle pileups, hazardous chemical tanker leaks, severe fog, or VIP
convoy movements.

The software automatically guides operators through step-by-step decision
trees: verifying incident location, triggering preset VMS warning messages,
notifying police/fire/medical dispatch, and logging event timestamps for
post-incident audits.

Structured SOP decision trees for control room operator workflows

@ Pre-defined protocols for hazardous material spills, severe fog, and major
crashes

Automated operator prompt checklists embedded in HTMS software
Inter-agency coordination protocols with state highway police and
hospitals

@ Post-incident logging and legal audit trail generation
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Summary: Best Practices in Expressway HTMS

Operations

In this lecture, we examined the operational, field-level execution of Highway
Traffic Management Systems (HTMS).

We reviewed IRC/NHAI standards, the 5-stage incident management lifecycle,
AID video analytics, FASTag ETC integration, Variable Speed Limits,
fiber-optic ring redundancy, power backup systems, Indian expressway case
studies, and operator SOPs.

Mastering these operational workflows prepares Civil Engineering diploma
graduates to design, deploy, and manage modern access-controlled highway
corridors.

o HTMS operation requires strict adherence to IRC/NHAI engineering
standards

o Rapid incident management lifecycle minimizes secondary crash risks

@ Self-healing fiber networks and UPS power ensure 99.5%-+ operational
uptime

o FASTag ETC integration streamlines toll plaza operations and overload
enforcement

@ Next lecture will explore future trends: Connected Vehicles and
Autonomous Transit in ITS
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