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SUMMARY 
This paper discusses the experiences of implementation, operation and maintenance of Automatic Train Control 
(ATC) Systems on different lines (different rolling stock) of Delhi Metro Rail Corporation (DMRC). The 
implementation follows various stages of design, equipment delivery, testing, safety certification and revenue 
service simulation. The care taken during the design and implementation of the systems are a guarantee for the 
successful working of the implemented system. The safety certification process is an integral part for the timely 
delivery of the implemented system and for raising the confidence level of the railway operator. The challenges 
involved and the typical pitfalls experienced during the design interfaces, manufacturing, testing & commissioning 
has been analyzed in this paper. The system performance during approximately 12 years of operations have 
then been discussed together with the steps taken to increase availability and extend life of the sub-system 
modules/components. 

1 INTRODUCTION 

The Delhi MRT (Mass Rapid Transit) System has 6 lines constructed in 2 phases. DMRC undertook to complete 
the MRTS project in a time bound fashion. The Phase I of the project covering 3 lines and 65 kms was completed 
in 7 years (1998-2005). While Phase II of the project comprising 2 new lines and extensions and covering 125 
kms was completed in 5 years (2005-2010). The strategy adopted for operation and maintenance was to go for 
an in-house dedicated team which would operate as well as maintain the system. The maintenance 
preparedness included setting of processes and schedules, training facility and an electronic repair lab. 

The signalling systems chosen for the different lines all have ATC functionalities. The ATC system is a ‘Distance 
to Go’ system with Automatic Train Protection (ATP) and Automatic Train Operation (ATO) as its basic 
constituents and provides for supervised manual as well as automatic mode of operation. The schematics of the 
ATC system as part of overall signalling system is shown below: 
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    Figure 1: ATC schematics 

The Train borne ATP keeps the train location based on odometer plus trackside beacons/ track circuit joints. The 
Trackside ATP interfaces with the interlocking for acquiring signalling route and track vacancy information. Trains 
in turn receive information from the trackside ATP, which enables them to calculate the next stopping point 
ahead on account of presence of a train ahead or switches not properly positioned. The Train borne ATP 
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equipment and trackside ATP communicate through (a) continuous track to train transmission via Audio 
Frequency Track Circuit (AFTC) providing track configuration (gradients, stopping point, permitted speed etc) 
and real time track status (track occupancy, signal status, point position etc) and (b) train to track transmission by 
beacon or radio to manage Positive Train Identification (PTI) and train regulation. The traction system is 25KV 
overhead.  The ATC system uses distributed architecture with trackside computers deployed along the line every 
4 to 5 km. The ATC systems have been procured from various vendors as summarized in Table 1 below: 

Track Gauge  ATP system Rolling stock 

Line 1; Broad Gauge Alstom Urbalis 200, with front –rear 
redundancy 

Rotem 

Line 2; Broad Gauge Alstom Urbalis 200 with front –rear 
redundancy 

Partly Rotem; Partly Bombardier  

Line 3&4; Broad Gauge Siemens LZB 700, 2 system in warm 
standby in each cab 

Partly Rotem; Partly Bombardier  

Line 5&6; Standard 
Gauge 

Bombardier City Flow 350, 2 system in warm 
standby in each cab 

Rotem 

Table 1: ATC system architecture deployed 

In the literature survey conducted, though there are various references to the advancing technology, there is no 
study of the technical challenges faced during a time bound implementation of the system and the operational 
challenges thereafter. This paper documents Delhi Metro's experience with ATC implementation in a multi-
vendor scenario, challenges in the interfaces with Rolling stock and flags issues encountered during 
commissioning, operation and maintenance which would serve as reference for various stakeholders in the field. 
The paper is organized as follows. First the salient features of project implementation and challenges faced 
thereof is discussed. The distribution of responsibility of signalling contractor and rolling stock contractor and 
their interface requirement, system integration and system safety processes are put forth. The challenges faced 
in increasing the rake length during revenue operation are also discussed. Then typical failures seen during 
system operation (approx 12 years of operations) are discussed. MTBF for the system have been worked out 
and strategies for handling operations during equipment failures are discussed. The learning curve for both 
operation and maintenance staff has been steep as each supplier’s system’s behaviour had its own peculiarities 
and failure proneness. The spare management strategy is also discussed. 

 

2 ATC PROJECT 

In the time bound fashion in which DMRC undertook to complete the different phases of the project, the timely 
completion of ATC work and in particular successful interface of ATC and rolling stock was one of the key 
challenges. 

2.1 Typical Project phase 

The phases of build-up of the ATP network are interlaced with the overall MRT system deployment. The ATC 
work was the responsibility of signalling contractor and signalling work phases vis-à-vis overall project phases 
are depicted in the diagram below. The project phases period for a typical 20km line is as under.  
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Figure 2: Schedule of implementation 

 

2.2 Rolling stock and signalling system characteristics 

The major rolling stock and signalling performance characteristics used in Delhi Metro having a bearing on 
system design are listed below (values are typical): 

Train composition (each married pair has one motor 
(M) car plus one driving trailer (DT) car or one trailer 
(T) car) 

DT-M-M-DT 

DT-M-T-M-M-DT 

DT-M-T-M-T-M-M-DT 

Initial Acceleration on Tangent Track at Peak Load 0.82 m/s2   5%  

Deceleration with full service brake 1.0 m/s2 

Minimum average emergency braking rate 1.3 m/s2 

Jerk Limiting Range  0.65 m/s3 to  0.75 m/s3 

Service Brake Response Time 2.0s 

Emergency Brake Response Time 1.5s max 

Service and Emergency Brake Release Time 2.5s 

Resistance to motion (formula, curve, starting 
resistance)  

TR = 21.96 + 0.4222V + 0.00876V2 N/t  for 
Underground Section. 

TR = 14.01 + 0.264V + 0.00191V2 N/t  for 
Elevated/At grade Section. 

(V in km/h) 

Maximum Vehicle Overhang 3625mm ± 125mm  approximately 

Maximum wheel diameter 860mm 

Minimum wheel diameter 780mm 

Maximum train design speed 95km/h 

Detailed 
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Maximum train service speed 85km/h 

Door opening and closing times  Open 2.5 s (Max.) 

Close 3.5 s (Max.) 

Tare weight Cars   42 tonne  

No of axles per Car 4 

Presence of non service brake and non powered 
axles  

All M car axles are powered while those of DT 
and T cars are non powered. 

All axles are friction braked. One axle in each 
DTC will be unbraked (Provided in L5 & 6 only) 

Axle Load 17 tonne 

Train length – 4 Car Train  89m approximately 

Train length –  6 Car Train 134m approximately 

Train length – 8 Car Train 178.5m approximately 

ATC system ATO on some lines only 

ATS system Through radio on L5/6 

Headway 2 to 3 min 

ATO speed 75 to 80 km/h 

ATP/ coded manual speed 75 to 80 km/h 

Dwell time control on station 15 to 30 sec (programmable) 

Automatic speed regulation 5 regimes; max train performance, energy saving 
and coasting 

Table 2: Performance characteristics of Signalling and Rolling Stock 

2.3 Work division between signalling and rolling stock contractor 

The outline of division of work between signalling and rolling stock contractor were laid down as part of contract 
conditions. While the prototype train was commissioned at the rolling stock factory, subsequent trains were 
commissioned in the DMRC depot itself. The interfaces in Delhi Metro has taken place in two different scenarios; 
in one case the rolling stock as well as the signalling contractor are both new, there the interface was done anew. 
In the second case where one of the contractors has already got its system running the other contractor was 
required to ensure backwards integration of their respective equipments with the interface requirements. 
Contractually, the situation was handled by transferring the design modification (including the risk thereof) on the 
supplier who came later. 

The work distribution is summarized in the table below. 

Item Signaling and Train Control 
Contractor  

Rolling Stock Contractor 

1. On board ATC equipment  
including special cables etc. 

Supply the equipment to the 
Rolling Stock Contractor’s 
Works 

 

Provide space in the vehicle design for 
fixing and installation at the 
manufacturer’s facility, by the Rolling 
Stock Contractor. 

2. Logging of on-board 
information from ATC 

Co-ordinate with Rolling Stock 
Contractor for signal levels and 
protocols. 

Provide the on board data logger Train 
Information Management System.  
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3. Power supply and 
earthing for on board 
ATP/ATO and train radio 
equipments.  

Coordinate with Rolling stock 
for voltage level and provide 
earthing current  value. 

Provide power points and earthing 
arrangement. 

4.  Interface between 
ATP/ATO with train braking 
and propulsion systems for  
automatic braking,  
acceleration and 
deceleration. 

Supply ZVR & redundant EBR 
relays. 

Co-ordinate with the Signalling and Train 
Control Contractor to agree on levels and 
protocols for interface signals.  

5. On board next station 
information to the 
passengers 

Provide necessary signals on-
board to Rolling Stock 
Contractor. 

Provide for necessary hardware 
interface, display for on-board P.A. 
system inside the cars. 

6. Climatic requirements for 
on board ATP/ ATO and 
radio cab equipments. 

Specify at an early date, the 
total heat load wattage, and 
maximum permitted 
temperature  

Provide Cab Air conditioning installation 
to maintain a nominal temperature of 
25°C. Suitable ventilation shall be 
provided by the Contractor for the 
backside area of the console. 

7.  EMI/EMC interface 
between the Rolling Stock 
and Signalling and Train 
Control, and 
Telecommunications. 

Advise EMI/EMC plan for 
ATP/ATO & radio equipments  
to Rolling Stock Contractor at 
early date. 

Ensure the compliance of the 
requirements of Signalling and Train 
Control, and Telecommunications 
Contractors for on board ATP/ATO and 
radio equipments.  

8. System Time System time flows from the 
Master clock to the ATS system 
to trackside ATP to the onboard 
ATP. Onboard ATP provides the 
system time to Rolling stock. 

Rolling stock uses the system time in all 
its processes. 

Table 3: Responsibility Matrix for Signalling and Rolling Stock Contractor 

 

2.4 ATC onboard equipment 

The ATC products used in the Delhi Metro project are required to have a proven track record, due to the short 
project period. The placement of signalling onboard equipment on the rolling stock therefore becomes critical and 
a lot of improvisation went into it. The various items of onboard equipment are listed in the schematic below and 
the challenges in placement of each is listed in the following table.  
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Figure 3 : Signalling equipment on the train 

 

Item Designation Comments/ Challenges 

1 ATC cubicle The recess provided in the rolling stock was decided on the size of the ATP 
cubicle. The typical dimension for Alstom U200 and Siemens LZB700      is 
900mmx900mmx600mm.  Bombardier’s EBIcab is module based, though it 
could be distributed in the train but it has been mounted on a rack and fitted in 
a recess for easier maintainability.  

The mounting of ATP cubicles are important in terms of availability of 
indications to the driver, air circulation near the cards/modules, access of 
cable connectors & subsystem to maintainers. 

2 Connector Different types 

3 Pick-up coil  

4 Mounting Bracket The cables are held to bogie frame so that jerks on the cable are minimal to 
avoid disturbance in data communication. 

5 Cable and 
connectors 

The size of the cable provided by the signalling contractor was left on the fly 
on one side to be cut and terminated during assembly of rolling stock. 

6 Socket Socket with support on bogie 

7 Cable 
inside/outside the 
train 

The harnessing of the cable was done during assembly of the under frame, so 
that cable bending radius and adequate spacing between low voltage and 
high voltage cable could be respected. The 110V battery line was kept 
separate from 415V line by minimum 20cm. 

8 Balise antenna  

9 Antenna mounting 
bracket 

This can be isolated from train body by providing insulating plate if circulating 
current is suspected. 

10 Cable and 
connectors 

The earthing arrangement was integrated with the train earthing system for 
earth loop current consideration. 

11 Socket Socket with support on bogie 
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Item Designation Comments/ Challenges 

12 Cable 
inside/outside the 
train 

Same as for pick-up coil. 

13 Odometer Number of odometer per cab is as per supplier; the axle could be braked / non 
braked, powered/non-powered. In case the odometer is placed on a braked 
axle, compensation for slip and slide will have to be considered in the ATP 
safety margin. 

14 Mounting bracket  

15 Cable and 
connectors 

This cable length may vary on account of the axle which is made available by 
rolling stock. The signal level deterioration over a long cable has to be 
estimated in advance. Also the routing of the cable in the uderframe has to 
ensure that there is no rubbing of cable when train is moving. 

16 Socket Socket with support on bogie 

17 Cable 
inside/outside the 
train 

Same as for pick-up coil 

18 Cab display 
(DMI) 

Air circulation inside driver dashboard was ensured. 

19  ATC 
push-buttons.  

The driver dashboard was suitably cut during assembly. 

20  ATC 
buzzers  

 

21 Driver Machine 
Interface (DMI) 
speaker  

The DMI speaker would draw current from DMI; the current rating needs to be 
matched. 

22 cables between 
ATC and cab 
display.  

 

23 Cable between 
DMI and speaker 

 

Table 4: Challenges faced in placing signalling equipment on the train 

2.5 Challenges in ATC- Rolling stock interface 

There were umpteen challenges which were encountered during the implementation of ATC-Rolling stock 
interface including how each side understood system safety & availability issues as well as system discrepancies 
which were noted during Testing & Commissioning and the initial phases of operation. These issues were 
addressed through release of a number of software design concept/ interface circuit modification. The final 
design concept/ working solution delivered on site are captured in the paragraphs below. 
 
2.5.1 Interface Specification: The detailed interface specification was drawn in advance. This was an 

invaluable document during the installation, testing and commissioning and formed the basis for resolving 
issues/disputes. The drawing of the interface had many challenges including language barriers which 
caused even basic misinterpretation of ‘Normally open’ vs. ‘Normally Closed’, step signal vs. pulse signal 
etc. How an invalid signal given from one side is handled by the other side is also important. On L5, for 
example, the ATO valid signal was from 1 to 10V; during operation the ATO was repeatedly sending 0 to 
1V which was treated as an invalid PWM signal on the rolling stock side, leading to many alarms and 
filling of the memory buffer. 
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2.5.2 Battery Voltage and earthing: The battery voltage fluctuation during charge-discharge cycle and the 
drop of the voltage when the train is negotiating a neutral section has to be accounted for in the ATP 
equipment specification. In case of ATP front -rear redundancy, there are two methodologies possible in 
relation to the battery zero lines, either the battery zero line is grounded with physical earth or the zero 
line of front and rear is isolated to eliminate the possibility of circulating return current. 

2.5.3 Door circuit: The  door  circuit  is  an  electrical  control circuit used to open the platform side doors of the 
train after  ATP has ensured two vital conditions, train has docked at the normal stopping point of the 
platform and train has come to a stop. However, the circuit has to allow a manual bypass path for opening 
the door in case of an emergency when ATP has failed to give the permission due to some failure 
condition. This bypass path was provided through use of two buttons which were different from the normal 
door buttons with the button placed near the side of the door to be opened. 
Automatic door opening in ATO mode was designed such that signalling gives 3 number of pulses of pre-
defined level and width to Rolling stock side. The signal is thereafter withdrawn to avoid unintended 
opening of doors. 

2.5.4 Vital contacts: The calling of emergency brake, command for door opening etc. are critical and the 
information is passed from ATP to the rolling stock circuitry with the help of vital contacts. The vital 
contact was achieved by using guided contact (the contact is read back). The relays used were of a 
proven type with fault tree analysis available from earlier usages. In some circuits one ‘Normally Open’ 
with one ‘Normally Close’ contact of the same relay were used which ensured that the relay ‘failed in pick-
up’ or ‘released’ state will not create an unsafe situation, while in some not so important circuits two 
simple contacts were used in series. 

2.5.5   Serial communication: There are typically 2 to 3 serial communications available at the onboard; ATC to 
onboard announcement system, ATC to TIMS, ATC to train radio system. The protocol used by the 
various systems depends on the product version and may vary with the vendors. Though protocol 
converters are available both at software and hardware level, it is important that the information is shared 
by the interfacing parties early on in the project. 

2.5.6  Train parameters: The response of rolling stock (motoring/braking) to the effort from ATO is established 
through field trials. The variance observed across the fleet is used in tuning of the ATO software. There is 
a transition of braking from electrical to pneumatic at low speed. In some rolling stock, the average 
deceleration during electrical and pneumatic braking are same; this enables application of single step 
braking by ATO. This form of braking is more efficient and the average deceleration obtained was 0.7ms-2 
to 0.8ms-2. In other cases where the transition is non-linear, a coasting phase of 2 sec was introduced and 
a 2-step braking strategy was resorted to; the average deceleration there was of the order of 0.5 ms-2.   If 
a train braking characteristics is not within the design range, it would cause inaccurate stopping especially 
in case of single step braking. This is a typical challenge faced while using two types of fleet on the same 
line. 

   Further, the way Emergency Brake (EB) is initiated by Rolling stock is handled in two different ways on 
the ATP side. In the first case, when Rolling stock calls an EB, and gives a feedback to ATP then ATP 
also demands EB from its end. In the other design, the ATP does not call any EB of its own, however 
ATO withdraws any motoring/braking request and performs coasting. In the second design, there is a 
problem encountered where Rolling stock demands an EB and withdraws it before the train has come to a 
complete halt. ATO which is designed to manage the train with train starting from zero velocity, would fail 
in achieving correct stopping at the next stopping point in this case. In avoiding this failure, the first design 
is better.  

2.5.7 Bandwidth for radio communication: Radio path has been used for communication from train to the 
central   control for train regulation and positive train identification related information. As radio is used to 
carry various communication channels as well, it is important that the bandwidth for the data 
communication is determined as per the final radio network of the installed system. 

2.5.8  EMI/EMC: The EMI/EMC compatibility for proper functioning of wayside track to train transmission 
considers three criteria a) the detection of trains by AFTC b) data transmission from the wayside to the 
train for ATP function c) the switch over of AFTC between train detection and data transmission. This is 
achieved by limiting the current rejected by train in the rails in a bandwidth around the AFTC frequencies 



Practical Issues in Implementation of ATC in Delhi MRT system  Page 9 of 15 

used in the system. This is ensured through correct design of converter-inverter of the rolling stock; in one 
of the lines filter had to provided at the input of the converter-inverter. 

Similarly, radio frequency was monitored to be less than 20V/m in the area of ATP onboard equipment in 
the operative frequency range of the balise antenna etc. 

2.5.9  Maximum permitted speed and Guaranteed Minimum Deceleration: There are different maximum 
speeds permitted by track and rolling stock. This has to be coordinated to derive the permitted speed 
available to the train operator. The maximum design speed in Phase II of DMRC permitted for track is 
85km/h while that for rolling stock is 95 km/h. This converts into a maximum permitted speed of 80km/h 
for the train operator with 5 km/h margin used by the ATP to intervene (warning/service brake/ emergency 
brake). If the train moves beyond 80km/h, it would trigger the service brake followed by the emergency 
brake. The emergency brake is applied such that in no case (areas with down gradient as well) the train 
would exceed the speed of 85km/h. 

The ATP software calls the emergency brake as per a guaranteed minimum deceleration rate provided by 
the rolling stock supplier. The guaranteed minimum is calculated differently which was discussed and 
agreed mutually. For example, for one rolling stock, the instantaneous retardation after emergency brake 
is applied is 1.3 m/s2 and the guaranteed braking rate was calculated assuming a single failure (1 car of 4 
is out of brake, 75% of 1.3 = 0.975 m/s2). Further assuming a running adhesion of 18%, this figure was 
adjusted to 0.829 m/s2 which becomes the design guaranteed minimum deceleration rate used for ATP 
calculation. 

The design value of the emergency brake rate was tested on the track so that the emergency braking 
distance gets verified under real adhesion conditions. This value was finally used by the ATP software 
and for carrying out the ATP dynamic test. 

2.5.10 System Integration: The ATP testing and commissioning processes which are essential for proper 
delivery of the interface solution are covered in the following steps. 

 All the products which go in the making of the system were released and approved. The delivery note 
consisting of specifications, drawing, version number, NCRs based on simulated laboratory tests etc. 
from the design engineer was handed over to the ITC engineer. 

 The train was tested in static condition in the depot for completeness and integrity of hardware & 
software installation. 

 After the computer based interlocking has been tested a train was taken on the line where the onboard 
equipment has been fitted. The train was run to verify at the first instance whether the onboard ATP 
system was receiving the correct wayside information viz. balise linking, maximum speed permitted, 
movement authority and gradient. 

 The train stop point was verified on each track section when the next track section is occupied. The 
safety margin used is different for different supplier. 

 The various safety features like ATP calling emergency brakes when the Emergency Stop at the 
platform is activated and switches go out of control etc. is verified.  

 The temporary speed restriction for individual track section was verified. 

 It was verified that the doors are enabled on the correct side only when the train is correctly stopped in 
the station (approx 2m about the designated stopping point).  

 The ATO testing is done thereafter which largely depends on the fact that the rolling stock performances 
comply with the design traction/braking characteristics. The train is run in ATO from station to station 
and observed for satisfactory run with jerk within limit and a stopping accuracy at the station within limits 
(approx 1 m from normal stopping point). 

 During the run over the whole line for a regulation test, the running time is checked for each inter-station 
during a single run over the line for each type of running (viz. energy saving mode, coasting mode, all 
out mode etc.). 

All the tests are documented duly witnessed by DMRC engineers. The test sheets for the static & dynamic 
test are well laid out and forms the basis for follow-up of the progress. The time required for each activity 
is based on historical data and is quickly adapted. All the non-conformances are duly noted. The NCRs 
are analyzed for safety implications. 
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2.5.11 Safety certification processes: The requirements of safety (SIL4) for the application (project) level was 
met by the certification and safety assurance documents, together with the assessment and judgment of 
an Independent Safety Assessor (ISA). The steps involved were: 

 The project had to demonstrate the fulfilment of the requirements of functional and technical safety in 
accordance with EN 50129. The relevant supporting evidence provided, included (a) Factory 
acceptance file (b) On board ATC equipment installation report (c) On board equipment static test report 
(d) On-board ATC equipment dynamic test report (e) Dynamic joint test between signalling and rolling 
stock supplier. 

 The project safety validator performed formal validation according to CENELEC standard and presented 
his findings and conclusion in a validation report. 

 The ISA performed formal assessment according to CENELEC standard and presented his findings and 
a judgment on suitability for use in an assessment report. 

 Equipment being used in the project being of proven type, wherever required, ‘Generic product safety 
cases’ were reviewed.  

 

3 3 ISSUES DURING OPERATIONAL PHASE 

3.1 ATO Regulation and Energy Saving 

The ATO is capable of driving trains with different speed profiles. At one end of the speed profile, the ATO drives 
the train with maximum possible acceleration respecting the section limit and jerk rate (called tight running), while 
in other profiles energy saving is achieved by driving the train at 3 to 10 km/h lower than the maximum possible 
speed.  If coasting is chosen then ATO permits the train speed to decrease from maximum speed to a very low 
value (say 35 to 40km/h) without intervention thereby saving energy (but with increased interstation run time). 
With experience the strategy for ATO regulation adopted in the operation phase is to run trains during peak hours 
at one notch (3 km/h) less than the tight running speed. During off-peak a mixture of running profile is used, 
coasting on the down gradient and with reduced maximum speed on the up gradient.  

The timetable is prepared such that the motoring and braking phases of different trains are synchronized. This is 
done by adjusting the dwell time and choosing the various start times. This helps in utilizing the regenerative 
braking generated by the rolling stock. 

3.2 Intermediate turnback and safety margin 

The stopping point is defined as per the direction of movement planned. For a platform to be declared as a 
turnback platform, whether it is at the end of line or at an intermediate location, the stopping point has to be 
declared in either direction and balise/loops have to be provided accordingly. Further, the safety margin (distance 
before an occupied track circuit or a red signal which the train doesn't infringe) varies in DMRC from 8m to 30m. 
This figure determines the placement of rear crossover from the end of the platform lest the point is held in the 
overlap and resulting in a lower turnback headway. So, it is imperative to study all turnbacks likely to be used in 
advance and place crossovers suitably or otherwise intermediate turnbacks introduced during the operational 
phase will give sub-optimal performance. 

3.3 Increasing rake length during revenue operation 

The platform designed in DMRC for different lines is for 8-car or 6-car. The stopping of the trains is such that the 
head of the train can get aligned with the front end of the platform or the centre of the train aligns with the centre 
of the platform. Other special location of stopping on the platform can also be designed as per movement of 
passengers planned on the platform. Where turnback is being done using the front crossover, care has to be 
taken that when the train stops, it is in the docking window for both direction of movement otherwise it will not be 
possible to start the train in automatic mode. Further for platforms with signals at the end of the platform, care 
has to be taken that the ATO localization is short of the signal. These objectives are achieved through careful 
placement of balises/synchronization loops and is a challenge especially when different length of rakes are 
simultaneously running on the section. 

The revenue services in DMRC was started with 4-car rakes on all the lines and thereafter with increasing 
passenger demand, capacity was augmented by increasing the rake length to 6/8 car. While going for rake 
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conversion placement of additional balises/synchronization loop, shifting of signal, tuning of the new software are 
required. Additionally, when multiple type of rakes start running, it is imperative to provide advanced real time 
information to the passengers at the platform through a Display/ announcement system about the length of the 
next rake arriving on the platform so that the passengers could align themselves on the platform.  

The rake change program with all its complexities is a major activity. The supply of hardware and software 
modification was carried by the original signalling supplier while the installation and site commissioning was done 
by a local contractor. As a first, the safety certification was done by DMRC themselves. On L2 this change took 
one and half year to implement where localization information is through balise and ATO is implemented. On L3 
where ATO is not available and localization is through track circuit boundary and loops, the time was less, approx 
6 months.  

Due to the long duration required for work completion and the operational disruption it causes, it is best if this 
rake length change is avoided altogether. DMRC has adopted the strategy of going for fixed 6-car rakes from the 
very beginning on its upcoming PH III network. The capacity augmentation subsequently will be done by addition 
of more number of 6-car rakes only. 

 

4 SYSTEM PERFORMANCE DURING OPERATION 

4.1 Failure statistics 

L1 &2 as well as Line 3&4 systems were partly commissioned in Phase I and partly in Phase II, while Line 5&6 
has been commissioned in Phase II. The ATP system MTBF figures for different lines have been calculated on a 
yearly basis for a period 2010 to 2014. The failures include that of hardware components and intermittent failures 
attributable to both hardware as well as software.  

The number of equipment on different lines which contributed to the failures are indicated in the table below: 

Line No. of onboard 
equipment 

No. of trackside 
equipment 

Remarks 

1 58 7  

2 122 11  

3&4 142 20 Line 4 is a branch line connected to Line 3 

5 36 - Trackside is integrated with Interlocking; so not 
considered for MTBF calculation 

6 58 - Trackside is integrated with Interlocking; so not 
considered for MTBF calculation 

Table 5: Equipment population 

The Mean time between failure (MTBF) has been calculated as per following formula 

 MTBF  =(Uptime - Down Time)/ No. of Failures 

The downtime is fairly low owing to redundancy provided in the design and maintenance manning pattern which 
quickly replace cards during operation. Therefore the MTBF formula becomes: 

 MTBF = (Uptime)/ No. of Failures 

The MTBF figures for different lines are charted as below in figure 4: 
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Fig 4: MTBF (overall) line wise 

 The hardware failures which contributed to the overall ATP failure compiled by vendor in detailed in table 
YY below: 

 

HARDWARE 
L1 & 2 

2010 2011 2012 2013 2014 

DMI 28 30 24 9 24 

CRV (onboard power supply card) 13 11 7 5 11 

ODOMETER 10 6 10 12 13 

CBK (Antenna interface card) 6 20 5 18 11 

ALIM (Onboard Power supply 
card) 1 28 43 4 

7 

REL (Onboard relay interface 
card) 7 16 6 7 

3 

FUSE F23/F25 7 7 23 18 15 

Miscellaneous 50 54 36 46 25 

Total 122 172 154 119 109 

      
 

    

HARDWARE 

Line 3& 4 

2010 2011 2012 2013 2014 

Train Interface Computer, CPU  13 23 26 51 
32 

DINBUS ( Serial bus Interface 
card) 0 2 6 22 

33 

TIC POWER SUPPLY 2 1 12 19 17 

TIC I/O 2 2 8 13 14 

LINE 1 LINE 2 LINE 3/4 LINE 5 LINE 6

2010 4228.2 3883.6 2288.9 464.3 870.0

2011 3954.2 1606.3 2647.6 804.5 1555.3

2012* 3598.5 763.9 2420.1 743.5 1873.1

2013 3117.2 764.5 1640.0 1182.6 2442.7

2014 3362.6 2387.5 2354.7 2849.6 2254.8
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Service Brake interface card 3 5 21 27 
18 

Onboard Static input board 1 0 9 28 
13 

DMI 0 4 5 4 7 

Trackside telegram output board 23 23 48 16 4 

5V PS 1 2 20 54 5 

24V PS 1 0 2 9 11 

Miscellaneous 23 34 51 75 89 

Total 69 96 208 318 243 

            

HARDWARE 
Line 5& 6 

2010 2011 2012 2013 2014 

DMI 3 0 5 3 7 

Atp Card 0 3 0 0 3 

Balise 5 8 2 2 1 

Tachometer 0 3 1 0 1 

Fuse 0 0 0 0 2 

ATO MODULE 0 0 0 8 1 

Antenna 1 0 0 0 0 

Pick up coil 1 0 0 0 0 

Miscellaneous 6 6 2 3 1 

Total 16 20 10 16 16 
Table 5: MTBF equipment wise 

For line 5 and 6 commissioned in 2010; the MTBF was lower in the initial period and has improved thereafter 
following correction of teething problems. The dip in MTBF in L2 during 2012 & 2013 were primarily due to the 
carrying out of works pertaining to increasing rake length. Line 1 is the oldest line working since 2002 and is 
showing a gradual deterioration of MTBF, which may be linked to ageing. 

The hardware failures are higher for power cards, DMI and interface cards. The failure of processor cards are 
less, except for Train Interface Computer CPU on L3 &4. 

4.2 Analysis of major failures   

The actions taken with respect to some of the types of failures and the learning thereof, are covered in the 
following paragraph. 

4.2.1 Odometer: The failures were related to slip-slide for which proper compensation was required in the 
software as per the slip-slide expected in the rolling stock. Hardware failures due to incorrect mounting on 
the axle for a few odometers were observed. The architecture of odometer installation in the cab is in a 
redundant fashion. With hindsight, further reliability can be increased by going for odometry function 
independent of rolling stock viz. doppler device. 

4.2.2  DMI: The DMI had instances of frequent blanking out or freezing. The problem was variously identified in 
terms of excessive heating, DMI software error, possible EMC in the cab. The major actions which were 
taken on the different installations are: 

 provision of  air circulation in the location where DMI was fixed; 

 synchronization error between DMI and onboard ATP equipment corrected by increasing the 
time after which ATP will send the initialization request;  
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 to reduce any effect of EMC, ferrites were provided in the serial cable linking the ATP cubicle 
and DMI; 

 replacement of corrupted DMI flash memory. 

There was a special case where the failure of DMI was such that the display on the DMI was missing but 
the communication link with the ATP was ok. In this case, the ATP doesn’t invoke a brake command and 
the train could continue to run normally, however, operationally a tangible authority in terms of a visible 
permitted speed is not available. A mitigation was implemented and the software modified such that if the 
problem happens in the section, ATP will permit movement upto the nearest platform and thereafter apply 
an irrevocable brake. 

4.2.3 Track circuit: The track circuit when in a failed condition will not be able to relay the wayside to train 
information. The audio frequency track circuit behaviour is dependent on the type of reinforcement used in 
the track bed. The track circuit was required to be tuned at site after commissioning as per live behaviour 
and it took a while for the functioning of track circuits to stabilize. 

4.2.4 ATP software: It was found that intermittent loss of communication or unexpected triggering of 
emergency brakes were taking place, especially on typical and lesser used movements viz. short loops. It 
was analyzed that the software developed, had bugs, principally due to the limitation of the testing 
platform available with the developer. This had to be corrected through software updates.  

4.2.5 Methodology for switching off redundant systems: Though redundancy of the system has been 
provided in terms of front-rear ATP redundancy or two systems in the same cab, there are instances 
where the process of automatic handover of active cab to standby cab is not completed resulting in 
failures. In this, direct intervention by physically powering off of one set by tripping the circuit breaker is of 
good use. The powering of the two sets have been designed/ modified with this consideration. 

4.2.6 Miscellaneous Emergency Brake: Emergency brake gets triggered intermittently due to antenna failure, 
defective component, dust, wrong operation etc. Antenna failure, for example, was mainly due to two 
reasons (a) the train earth current was passing through the body of the antenna causing burning of tracks 
of electronic cards; this was corrected by electrically insulating the antenna from the train body (b) due to 
higher temperature in Delhi, the electronic cards inside the antenna were required to be corrected through 
temperature compensation. 

The learning curve for both operation and maintenance staff was steep as each supplier’s system’s behaviour 
had its own peculiarities and failure proneness. The supervision of maintenance provided by the vendor during 
the Defect Liability Period (DLP) was very helpful in the learning process. The starting point for building the 
maintenance preparedness was vendor generated maintenance manual followed by the information passed by 
the vendor during DLP. Thereafter, diligently 'Failure Analysis Report' (FAR) were generated which was used for 
improving/ augmenting the troubleshooting procedures and the refresher training for the maintenance personnel. 

4.3 Spare repair and procurement strategy 

The spare management strategy is critical for the management of the system and is required to optimize 
operational cost and ensure timely availability.  The responsibility of management of spares during the initial 3 
years of operation was given to the signalling contractor. Thereafter, spares were managed from three sources;  
OEM, substitutes from local vendor, repair at inhouse electronic repair lab.  

The spares are repaired in the lab as per a defined policy whereby the defective component in an electronic 
board/ module is replaced on a like for like basis. The components are either procured locally or sourced from 
OEM. This repair activity has been a continuing troubleshooting exercise where identification of defective 
components is made as per failures occurring in the field through suitable test points. The board/ module life is 
recalculated inhouse as per the criteria of possibility of economic repair. The economic reparability in the lab is 
determined based on identification of the defective component & availability of the component and the number of 
times the card has already failed (failure proneness). Thereby a fresh bathtub curve is drawn for the board/ 
module. The inhouse spares repair turned out to be a very economical choice for Delhi Metro. 
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5 CONCLUSION 

The purpose of the paper apart from reviewing the work in the last 12 years at DMRC is to apprise the 
challenges involved in implementation of ATC in a multi-vendor scenario. The issues discussed above will give 
readers better appreciation of the details of the work involved, pitfalls to avoid and provide inputs for setting up a 
maintenance regime for life-cycle management of the system. 

Interface between signalling contractor and rolling stock contractor is a big challenge. The cost of changes 
increases exponentially as time progresses. It is therefore imperative to start interface activities early in the 
project and address the requirements transparently between the parties involved. 

The operator has to identify the maintenance strategy as early as possible; management by vendor throughout 
the life of the product or minimal support from vendor & inhouse management. The contractual framework has to 
be done as per the philosophy adopted. If inhouse maintenance is planned then it is imperative for the operator 
to build its technical expertise through association with the vendors, right from the early phases of ATP 
implementation.. 
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