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& WHY IN NEWS

Western Railways’ Vadodara division commissioned Kavach 4.0 on the 96-km Bajwa (Vadodara)-Ahmedabad
section in Gujarat — the first Kavach 4.0 deployment on Western Railways. The Automatic Train Protection

system covers 17 stations and received formal RDSO approval in July 2024.

WHAT IS KAVACH?

Kavach (Hindi: shield/armour) is India’s indigenously developed Automatic Train Protection (ATP)

system — a safety technology that prevents train collisions by automatically applying brakes when a risk is

detected, without requiring driver intervention.
Primary functions:

Prevent SPAD (Signal Passing at Danger): Automatically stops a train that passes a red signal
Over-speed control: Applies brakes if a train exceeds permitted speed for a section

Head-on collision prevention: If two trains are on the same track approaching each other, both

receive automatic brake commands
Rear-end collision prevention: Maintains safe following distance between trains on the same line

Level crossing protection: Alerts and controls trains near unmanned level crossings
Technology stack:
RFID (Radio Frequency Identification) tags: Embedded every 30—50 metres along the track;

provide location data to the locomotive

UHF (Ultra High Frequency) radio communication: Real-time data exchange between moving

train (onboard equipment), trackside equipment (balises), and station master’s tower

SIL-4 certification: Safety Integrity Level 4 — the highest international safety standard; probability

of dangerous failure is less than 1079 per hour (effectively fail-safe)

Loco pilot alert: Kavach also provides an audio-visual alert to the driver before braking — the driver

can override in specific circumstances, but if no response, the system brakes automatically
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KAVACH 4.0 — SPECIFIC IMPROVEMENTS

Kavach 4.0 (RDSO-approved July 2024) introduced several improvements over earlier versions:

Feature Earlier Versions Kavach 4.0

Location accuracy Standard RFID-based Improved real-time positioning

Signal detection Limited in complex yards Enhanced for complex interlocking
Station connectivity Radio-based Optical fibre-based (more reliable)
Interlocking integration Partial Seamless (with station master’s panel)

First deployment on Western Railways:

Section: Bajwa (Vadodara) to Ahmedabad, Gujarat
Route length: 96 km
Stations covered: 17

First Kavach-enabled train on route: Sankalp Fast (train number 59549/59550)

THE CONTEXT: INDIA'S TRAIN ACCIDENT HISTORY

Why Kavach matters is best understood through India’s train accident record:
Major incidents in recent years:

Balasore (Odisha) — June 2, 2023: The worst train accident in India in 20 years; three trains
collided (Coromandel Express + Bengaluru-Howrah Superfast + a freight train) near Bahanaga Bazar
station; 292 dead; 1,100 injured. The accident occurred because of a signalling malfunction — a proper

Kavach system might have prevented it
Gonda (UP) — 2024: Chandigarh-Dibrugarh Express derailed; 4 dead; sabotage suspected
Earlier incidents: New Farakka Express (2019), Amritsar (2018 — involving crowd on tracks),

Hampi Express (2012)

Statistics: Indian Railways carries ~14 million passengers per day across ~14,000 trains. The vast network

creates inherent safety complexity.

KAVACH'S DEVELOPMENT JOURNEY

Key milestones:
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Year Milestone

2012 Initial R&D under RDSO (Research Designs and Standards Organisation, Lucknow)

2016 First trials on South Central Railway (Lingampally—Vikarabad section, Hyderabad)

2019 Deployed on 700+ km on South Central Railway

2022 Budget 2022-23 announced Rs 2,000 crore for Kavach deployment on high-density routes
2023 Balasore accident intensifies focus; post-accident review recommends accelerated rollout

2024 (July) RDSO approves Kavach 4.0
2025 (Dec) Western Railways commissions first Kavach 4.0 section (Bajwa-Ahmedabad)

2025 status Deployed on 2,200+ route km across Indian Railways

Developers/manufacturers: The Kavach system was developed under RDSO (a statutory body of the
Ministry of Railways) in partnership with three private companies: Kernex Microsystems (Hyderabad), Medha
Servo Drives (Hyderabad), and HBL Power Systems (Hyderabad).

THE DEPLOYMENT CHALLENGE: SCALE VS. SPEED

The Indian Railways network spans 68,000 route kilometres. Kavach has been deployed on approximately
2,200 route kilometres — roughly 3.2% of the total network. This gap exposes the scale of the remaining

challenge.

At what pace is deployment happening?
Target: Cover all high-density routes (Golden Quadrilateral, Golden Diagonal, other freight corridors)
first
Annual deployment rate: Approximately 1,500—2,000 km per year

Time to full network coverage at current pace: 30—40 years

Why deployment is slow:
Vendor capacity: Only 3 approved vendors (Kernex, Medha, HBL); limited production capacity;
skilled technician shortage

Infrastructure preparation: Each km requires track-side RFID installation, equipment

commissioning, and integration testing
Cost: Approximately Rs 30—50 lakh per km (cost has been declining with scale)

New track vs. existing track: New lines (Dedicated Freight Corridors, semi-high speed) can be built

with Kavach from day one; retrofitting existing tracks is slower and more expensive
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Budget allocations: Railway Budget 2024-25 allocated significant funds for Kavach; Finance Minister

Nirmala Sitharaman announced a focus on Kavach rollout on high-density routes in Budget 2023.

INTERNATIONAL COMPARISON: ERTMS/ETCS

India’s Kavach is broadly comparable to ERTMS/ETCS (European Rail Traffic Management System /

European Train Control System) — Europe’s unified ATP standard:

Parameter Kavach (India) ERTMS Level 2

Basis Indigenous (RDSO) European standard (ERA)
Communication UHF radio + RFID GSM-R (cellular) + Eurobalise
Track occupation Signals + RFID Moving block (virtual sections)
SILlevel SIL-4 SIL-4

Cost per km Rs 30—-50 lakh EUR 1—3 million

India’s Kavach is significantly cheaper than ERTMS — a testament to indigenous development. However,
ERTMS’s moving block concept (no fixed signals; trains are spaced dynamically) allows higher capacity on the

same infrastructure — something Kavach will need to incorporate for future high-speed rail.

UPSC RELEVANCE

Prelims: Kavach ATP system (RDSO; SIL-4; RFID + UHF; prevents SPAD/over-speeding/head-on/rear-
end); Kavach 4.0 (RDSO approved July 2024; Bajwa-Ahmedabad 96 km; 17 stations; Western Railways
Vadodara division; Sankalp Fast first train); RDSO (Research Designs and Standards Organisation; Lucknow;
statutory body under Ministry of Railways); Vendors: Kernex Microsystems/Medha Servo Drives/HBL Power
Systems (all Hyderabad); Balasore accident (June 2, 2023; 292 dead; South Eastern Railway; signalling

failure).

Mains GS-3: Kavach as a case study in indigenous technology development for public safety | Indian
Railways modernisation — challenges of scale, pace, and financing | SIL safety standards and technology

certification processes | Private sector role in railways safety technology (RDSO licensing model).
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FACTS CORNER — KNOWLEDGEPEDIA

| KAVACH SYSTEM — CORE DATA:
Full form: Kavach — Automatic Train Protection (ATP) system
Developer: RDSO (Research Designs and Standards Organisation), Lucknow + 3 private partners
SIL: Safety Integrity Level-4 (probability of dangerous failure < 10-9/hour)
Technology: RFID tags (every 30—50 m on track) + UHF radio (real-time communication)
Functions: SPAD prevention, over-speed control, head-on/rear-end collision prevention, level crossing alerts

Vendors: Kernex Microsystems, Medha Servo Drives, HBL Power Systems (all Hyderabad-based)

| KAVACH 4.0 DEPLOYMENT:
RDSO approval: July 2024
First deployment: Bajwa (Vadodara)-Ahmedabad, Gujarat; 96 km; 17 stations; Western Railways Vadodara
division
First train: Sankalp Fast (59549/59550)

National deployment: 2,200+ route km (as of January 2026)

Total Indian Railways network: ~68,000 route km

| rpso:
Full name: Research Designs and Standards Organisation
Location: Lucknow, Uttar Pradesh
Status: Statutory body under Ministry of Railways

Functions: Technical standards, approvals, and research for Indian Railways; certifies equipment and designs

I BALASORE TRAIN ACCIDENT (2023):
Date: June 2, 2023
Location: Bahanaga Bazar station, Balasore district, Odisha (South Eastern Railway zone)

Trains involved: Coromandel Express (12841), Bengaluru-Howrah Superfast Express (12864), and a stationary
goods train

Cause: Signalling failure (point machine malfunction caused wrong line routing)

Casualties: 292 dead; 1,100+ injured — worst accident in 20 years

| OTHER RELEVANT FACTS:
European equivalent: ERTMS (European Rail Traffic Management System) / ETCS Level 2 — uses GSM-R

communication + Eurobalise transponders

Moving block concept: Next-generation signalling where trains are spaced dynamically (no fixed block sections);
allows greater throughput; future goal for Indian Railways on high-speed corridors

Dedicated Freight Corridors (DFC): Eastern DFC (Ludhiana—Dankuni) and Western DFC (JNPT—Dadri); built
with Kavach-ready infrastructure from outset

Cost: Approximately Rs 30—50 lakh per km for Kavach installation; declining with scale

Sources: PIB, Ministry of Railways, AffairsCloud
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