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Kavach 4.0 — India's Automatic Train
Protection System and Rail Safety Revolution

31 January 2026

& WHY IN NEWS

Indian Railways commissioned a record 472.3 route kilometres of Kavach Version 4.0 in a single day
on January 30, 2026 — the highest-ever single-day roll-out of the Automatic Train Protection system — across

three railway zones, bringing total Kavach coverage to over 1,300 km.

WHAT IS KAVACH?

Kavach (Hindi: “armour”) is India’s indigenously developed Automatic Train Protection (ATP)
system — a safety overlay that prevents train collisions, signal violations, and over-speeding through a
combination of microprocessors, GPS, and radio-frequency communication between locomotives, signal posts,

and station infrastructure.

Developed by: Indian Railways in collaboration with RDSO (Research Designs and Standards
Organisation), Lucknow, and three Indian firms: Medha Servo Drives (Hyderabad), HBL Power

Systems (Hyderabad), and Kernex Microsystems (Hyderabad).

Ownership: The technology is owned by Indian Railways under the Ministry of Railways — it is not a

proprietary product of any private company, making it replicable at scale.

Certification: Kavach is certified to SIL-4 (Safety Integrity Level 4) under the European EN 50129
standard — the highest possible safety rating for rail systems globally (failure probability < 10”-8 per hour of

operation). This is the same standard applied to nuclear power plant safety systems and commercial aviation.

HOW KAVACH WORKS — THE TECHNICAL ARCHITECTURE

Kavach consists of four integrated subsystems:

1. Loco Unit: Installed on the locomotive; continuously monitors train speed, position (via GPS), track

geometry, and signal status.

2. RFID Tags + Transponders: Embedded in the track at regular intervals (every 200-500 m); provide

precise location data independent of GPS (which can be affected in tunnels and deep cuttings).

3. Station and Signal Infrastructure: Each signal post is equipped with a Kavach transmitter that

broadcasts the signal’s aspect (red/yellow/green) to approaching trains.
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4. Central Control System: A Track Side Electronic Unit (TEU) manages communication between loco

units and stations; maintains a live traffic picture over its zone.
How collision prevention works:

When two trains are on a collision course on the same track, both Kavach systems detect the conflict

and automatically apply brakes on both trains

If a driver ignores a red signal (SPAD — Signal Passed At Danger), Kavach automatically applies

emergency brakes
If speed exceeds the track speed limit, Kavach intervenes with automatic brake application

Kavach also automatically sounds the locomotive horn when approaching level crossings

VERSION HISTORY AND EVOLUTION

Version Key Feature

Kavach Basic ATP; lab tested; limited field trial

2.0

Kavach First field deployment; South Central Railway (Secunderabad—Bidar)

3.2

Kavach Multi-zone integration; improved GPS accuracy; SIL-4 certified; multi-vendor
4.0 interoperability

Kavach 4.0 improvements over 3.2:

Multi-loco to multi-station communication (earlier limited to one loco per zone)
Improved GPS receiver accuracy to <10 m (from earlier 15—-25 m)
Built-in redundancy: dual microprocessors, each independently checking the other

Compatible with all existing signal and interlocking systems — no need to replace existing

infrastructure

THE RECORD — JANUARY 30, 2026

On January 30, 2026, three railway zones simultaneously completed Kavach installation and commissioning:
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Section Distance Railway Zone
Vadodara—Virar 344 km Western Railway
Tughlakabad Jn Cabin—Palwal 35 km Northern Railway
Manpur—Sarmatanr 93.3 km East Central Railway
Total 472.3 RKm 3 Zones

Previous record: 324 RKm (Kota—Mathura section, West Central Railway)

Total Kavach coverage as of January 31, 2026: Over 1,300 RKm (of Indian Railways’ 68,000+ RKm

network — approximately 1.9% of the network)

Rollout target: Ministry of Railways aims to cover 50,000 km of high-density routes by 2028-29 at a

projected investment of ¥1,38,000 crore.

THE BALASORE TRAGEDY — CATALYST FOR URGENCY

The Balasore train collision on June 2, 2023 (Coromandel Express accident near Bahanaga Baazar
station, Odisha) killed 294 people and injured over 900 — one of India’s worst rail disasters in decades. The
NCRB and CRS investigation found that the accident was caused by an incorrect point-setting that diverted the

Coromandel Express to the wrong line — a scenario that Kavach (had it been installed) would have prevented
by:

Detecting the wrong line occupancy ahead

Automatically applying brakes before the collision point

The tragedy galvanised political will for faster Kavach deployment, with Railway Minister Ashwini

Vaishnaw announcing accelerated roll-out targets in the 2024 and 2025 Union Budgets.

INDIA VS GLOBAL ATP SYSTEMS

India was not the first country to develop ATP — several systems exist globally:
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System Country Used in

ETCS (European Train Control System) EU 26+ European countries

PTC (Positive Train Control) USA All major freight/passenger lines (mandated 2015)
CTCS China All high-speed lines

Kavach India High-density main lines (rolling out)

LZB/SPAD Germany High-speed ICE corridors

India’s advantage with Kavach:
Cost: Kavach installation costs ~3¥40—50 lakh per km vs ¥2—3 crore per km for ETCS — critical for the
68,000+ km Indian network

Indigenous: No royalty payment; upgradable domestically; supports Atmanirbhar Bharat in railway

technology

Multi-vendor: Three approved manufacturers — avoids vendor lock-in and enables competitive

tendering

EXPORT POTENTIAL

Kavach’s low cost and SIL-4 certification make it competitive in developing country railway markets. Indian
Railways and RDSO have signed MOUs with railway organisations from Sri Lanka, Bangladesh, and several
African nations to evaluate Kavach deployment. This positions Kavach as a potential flagship technology

export under India’s “Make for the World” initiative.

UPSC RELEVANCE

Kavach (ATP system; Indian Railways; SIL-4; microprocessor + GPS + radio); Kavach 4.0 record January
30, 2026 (472.3 RKm; 3 zones; total >1,300 km); RDSO (Lucknow — standards body for Indian Raitlways);
Balasore tragedy (June 2, 2023; Coromandel Express; 294 killed); Kavach makers — Medha Servo Drives,

HBL Power Systems, Kernex Microsystems; target 50,000 km by 2028-29.

Kavach as indigenous technology — how India developed a globally competitive ATP system at 20x lower
cost than ETCS; rail safety governance; Balasore tragedy and systemic lessons; infrastructure investment

for safety; Make in India and defence/transport technology; potential for technology export.
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FACTS CORNER — KNOWLEDGEPEDIA

| KAVACH — CORE DATA:

Full meaning: “Armour” (Hindi); India’s indigenous Automatic Train Protection (ATP) system
Developed by: Indian Railways + RDSO (Lucknow) + 3 Indian firms

Three manufacturers: Medha Servo Drives (Hyd) + HBL Power Systems (Hyd) + Kernex
Microsystems (Hyd)

Safety certification: SIL-4 (Safety Integrity Level 4) — highest global rail safety standard
Failure probability: < 10”-8 per hour

Technology components: Microprocessors + GPS + Radio-frequency communication + RFID tags

I KAVACH 4.0 RECORD — JANUARY 30, 2026:
Record: 472.3 RKm commissioned in single day (previous: 324 RKm Kota-Mathura)
Section 1: Vadodara—Virar 344 km (Western Railway)
Section 2: Tughlakabad—Palwal 35 km (Northern Railway)
Section 3: Manpur—Sarmatanr 93.3 km (East Central Railway)
Total coverage as of Jan 31, 2026: >1,300 RKm

Target: 50,000 km by 2028-29; estimated investment: ¥1,38,000 crore

| KAVACH VERSIONS:
3.2: First field deployment; South Central Railway (Secunderabad—-Bidar)

4.0: Multi-zone; improved GPS; SIL-4 certified; multi-vendor interoperable

I INDIAN RAILWAYS NETWORK:
Total route km: 68,000+ RKm (4th largest network globally)
Daily passengers: ~25 million; Annual freight: ~1.5 billion tonnes

Rail zones: 18 (latest: South Coast Railway, 2019)

I BALASORE TRAGEDY (CONTEXT):
Date: June 2, 2023
Trains involved: Coromandel Express + Bengaluru-Howrah Express + goods train
Location: Bahanaga Baazar, Odisha
Casualties: 294 killed, 900+ injured

Cause: Wrong point-setting causing diversion to wrong line; Kavach not installed on section

I GLOBAL ATP COMPARISON:
ETCS (EU): X2-3 crore/km; Kavach: ¥40-50 lakh/km — 5-6x cheaper
PTC (USA): Positive Train Control — mandated by Rail Safety Improvement Act 2008

I OTHER RELEVANT FACTS:

RDSO: Research Designs and Standards Organisation; based in Lucknow; statutory R&D body of Indian
Railways since 1957

Railway Minister (2024-26): Ashwini Vaishnaw
Indian Railways under Ministry of Railways; Railway Board is apex body

First Kavach-equipped Rajdhani section: Secunderabad—Bidar (South Central Railway)
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I SPAD: Signal Passed At Danger — leading cause of train collisions globally

Sources: PIB, Ministry of Railways, InsightsIAS, Drishti IAS
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