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& WHY IN NEWS

Indian Railways commissioned 472.3 route kilometres of Kavach Version 4.0 in a single day — the highest-
ever single-day deployment — bringing total coverage to 1,306.3 route kilometres and demonstrating
accelerated pace after the system gained nationwide attention following the June 2023 Odisha triple train

accident at Bahanaga Bazar.

WHAT IS KAVACH?

Kavach (meaning “armour” in Hindji) is India’s indigenous Automatic Train Protection (ATP) system
developed by the Research Designs and Standards Organisation (RDSO) of Indian Railways, initially
in partnership with three private vendors (Kernex Microsystems, Medha Servo Drives, and HBL Power
Systems). Development began in 2012 as part of the Train Collision Avoidance System (TCAS) project, later

rebranded as Kavach.

The system uses radio frequency communication, GPS, and trackside electronic units to
continuously monitor train positions and speeds. At its core, Kavach automatically applies emergency brakes if
a train:

Passes a red signal (SPAD — Signal Passed at Danger)

Exceeds speed limits on curves, temporary speed restrictions, or near buffer stops

Is on a collision course with another train approaching from the same track

The system also automatically activates the loco pilot’s audio-visual warning when approaching a caution

signal and overrides driver error to prevent dangerous situations.

TECHNICAL ARCHITECTURE

Kavach integrates four components:
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Component Function

Loco Unit Onboard processor in the locomotive; receives real-time track data, processes

speed/position, activates brakes

Station Unit Installed at each station and signal post; transmits signal aspects and track

occupancy via radio

Tower Unit Radio tower providing communication backbone between loco units and station
units

RRI (Route Relay Links Kavach to the existing interlocking system for consistency with signal states

Interlocking)

Communication uses Ultra High Frequency (UHF) radio on dedicated spectrum. GPS confirms position

where physical track circuits are absent. Datalogging records all system events for post-incident analysis.

SAFETY INTEGRITY LEVEL (SIL)-4 — WHAT IT MEANS

Kavach is certified to Safety Integrity Level (SIL)-4, the highest category in the international IEC 61508

standard for functional safety of electrical and electronic systems. SIL-4 requires:

Probability of Dangerous Failure per Hour (PFDh): Less than 1078 (i.e., dangerous failure less
than once in 100 million operating hours)

Rigorous hardware and software redundancy

Independent verification and validation by accredited third parties

No other train protection system in India meets this standard. European Train Control Systems (ETCS Level 2

and 3) are similarly SIL-4; Japan’s Shinkansen ATP systems meet equivalent standards.

WHY KAVACH BECAME URGENT — THE ODISHA ACCIDENT CONTEXT

The Bahanaga Bazar triple train accident in Balasore, Odisha on June 2, 2023 — the deadliest Indian
train accident in over two decades (290+ deaths, 1,000+ injured) — drew national attention to railway safety.
The accident was caused by a signalling failure related to a faulty point machine diverting the Coromandel
Express onto a loop line occupied by a goods train. A third train (Yesvantpur-Howrah Express) then collided

with the debris.

CBI investigation found that alterations in the electronic interlocking system contributed to the
signalling failure. The Central Government significantly accelerated Kavach deployment timelines following
the accident, recognising that Kavach would have prevented the SPAD scenario that triggered the collision

(Kavach monitors signal aspects and prevents trains from moving beyond red signals).
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KAVACH DEPLOYMENT PROGRESS AND CHALLENGES

Status Detail

Total route km covered (Feb 2026) 1,306.3 km

Locomotives fitted ~300+ (of India’s 12,000+ total loco fleet)

Railway zones covered 5

Annual target (FY26) 10,000 km

Full Indian Railways network ~68,000+ route km

At 1,306 km, Kavach covers less than 2% of India’s total route network. The pace has been severely
limited by:

Vendor capacity constraints: Only three approved vendors initially; component availability
(semiconductors) was a bottleneck

Installation complexity: Each station unit and tower unit requires civil works, power supply, and

integration with existing interlocking systems

Budget: Full rollout across the entire network is estimated to cost Rs 30,000—35,000 crore over 5—7

years

The 472.3 km single-day record suggests deployment processes are being streamlined and vendor capacity has

expanded.

COMPARISON WITH EUROPEAN TRAIN CONTROL SYSTEM (ETCS)

Parameter Kavach (India) ETCS Level 2 (Europe)

Communication UHF Radio GSM-R / LTE

Position determination GPS + Balises Odometry + Balises

Speed limit enforcement Yes Yes

SPAD prevention Yes Yes

SILlevel SIL-4 SIL-4

Moving block (highest efficiency) Not yet Yes (ETCS Level 3)
Cost Lower (indigenous) Higher (imported)
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Kavach does not yet implement moving block signalling (where trains can be spaced at shorter, dynamic
intervals based on real-time position), which is the most advanced ATP mode. European Level 3 ETCS enables

this. Future versions of Kavach may incorporate this capability.

UPSC RELEVANCE

Kavach (ATP system; developed by RDSO; started 2012; SIL-4; 1,306 km by Feb 2026); RDSO (Research
Designs and Standards Organisation — headquarters: Lucknow; technical advisor to Indian Railways);
SIL-4 (IEC 61508 standard; highest safety level); SPAD (Signal Passed at Danger); Bahanaga Bazar

accident (June 2, 2023; Balasore, Odisha); vendors: Kernex, Medha, HBL Power Systems.

Railway safety infrastructure; technology deployment challenges; RDSO mandate; comparison with global

ATP standards; lessons from Bahanaga Bazar accident; ratlway modernisation financing.
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FACTS CORNER — KNOWLEDGEPEDIA

| KAVACH — CORE DATA:

Full name: Kavach (Train Collision Avoidance System / Automatic Train Protection)
Developer: RDSO (Research Designs and Standards Organisation)

Development started: 2012

Safety standard: SIL-4 (IEC 61508 — highest possible)

Coverage (February 2026): 1,306.3 route km (5 railway zones)

Single-day record: 472.3 km (February 6, 2026)

Vendors: Kernex Microsystems, Medha Servo Drives, HBL Power Systems

| KEY KAVACH FUNCTIONS:
Prevents SPAD (Signal Passed at Danger)
Controls overspeeding (curves, speed restrictions)
Prevents head-on/rear-end collisions between trains on same track
Audio-visual loco pilot alert on approaching caution signal

Datalogging for post-incident analysis

I KAVACH DEPLOYMENT SCALE:
Total Indian Railways route: 68,000+ km (~2% coverage achieved)
Full network rollout cost: estimated Rs 30,000—35,000 crore

Full rollout timeline: 5—7 years at current pace

| RDSO — KEY DATA:
Full name: Research Designs and Standards Organisation
Location: Lucknow, Uttar Pradesh
Under: Ministry of Railways

Role: Technical advisory, standardisation, design of rolling stock and track

I BAHANAGA BAZAR ACCIDENT (CONTEXT):
Date: June 2, 2023; Location: Balasore, Odisha
Trains: Coromandel Express + goods train + Yesvantpur-Howrah Express
Deaths: 290+; Injured: 1,000+
Cause: Faulty point machine + altered electronic interlocking

Investigation: CBI

I OTHER RELEVANT FACTS:

European ETCS Level 2: GSM-R communication + balises; equivalent SIL-4; most European high-speed rail
uses this

Moving block signalling: Dynamic train spacing based on real-time position; higher line capacity; Kavach future
version may include this

Indian Railways network: 68,000+ route km (4th largest globally after USA, Russia, China)

Annual passenger traffic: ~8.4 billion journeys

Sources: Drishti IAS, AffairsCloud
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