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PREFACE



At the very outset of the prologue, it becomes imperative to insist that vocational training is an integral part of engineering curriculum.



Training allows us to gain an insight into the practical aspects of the various topics, with which we come across while pursuing our B.Tech. i.e. vocational training gives us practical implementation of various topics we already have learned and will learn in near future.



Vocational training always emphasizes on logic and commonsense, instead of theoretical aspects of subject.



The Six weeks training at DMRC (Delhi Metro Rail Corporation) involved a study of various departments of the organization, as per the time logically scheduled and well planned given to us.



The rotation in various departments was given to us, in order to get an overall idea about the working of the organization.
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DELHI METRO RAIL CORPORATION (DMRC) 1. OVERVIEW Delhi Metro Rail Corporation a company registered on 03-05-95 under the Companies Act, 1956 for implementation and subsequent operation of Delhi MRTS. Delhi Metro is a world-class metro. To ensure reliability and safety in train operations, it is equipped with the most modern communication and train control system. It has state-of-art air-conditioned coaches. Ticketing and passenger control are through Automatic Fare Collection System, which is introduced in the country for the first time. Travelling in Delhi Metro is a pleasure with trains ultimately available at three minutes frequency. Entries and exits to metro stations are controlled by flap-doors operated by „smart-cards‟ and contact less tokens. For convenience of commuters, adequate number of escalators are installed at metro stations. Unique feature of Delhi Metro is its integration with other modes of public transport, enabling the commuters to conveniently interexchange from one mode to another. To increase ridership of Delhi Metro, feeder buses for metro stations are operating. In short, Delhi Metro is a trendsetter for such systems in other cities of the country and in the South Asian region.



1.1. MISSION:   



To cover the whole of Delhi with a Metro Network by the year 2021. Delhi Metro to be of world class standards in regard to safety, reliability, punctuality, comfort and customer satisfaction. Metro to operate on sound commercial lines obviating the need for Government support.



1.2. CORPORATE CULTURE:   



We should be totally dedicated and committed to the Corporate Mission. Personal integrity should never be in doubt, we should maintain full transparency in all our decisions and transactions. The Organization must be lean but effective.
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The Corporation must project an image of efficiency, transparency, courtesy and “we mean business” attitude. Our construction activities should not inconvenience or endanger public life nor should lead to ecological or environmental degradation. All our structures should be aesthetically planned and well maintained. Safety of Metro users is our paramount responsibility. Our stations and trains should be spotlessly clean. Our staff should be smartly dressed, punctual, polite and helpful to the customers. Employees should discharge their responsibilities with pride, perfection and dignity



1.3. PASSENGER INFORMATION: Delhi Metro is committed to provide the highest standards in safety to each passenger. With this in view, all design and operations are done with a safety margin. 1.4. SAFE ESCALATORS: 



 



Escalators have been equipped with several safety devices to ensure safety of passengers that include protection against over speeding, detection of missing step etc. To reduce fire risk and improve safety a tray to collect human hair, dust, water, oil etc. has been provided. In addition, there is a unique sari guard feature that deflects loose clothing (e.g. sari of ladies) from getting trapped in the escalator. There are Emergency Stop Switches Prominently Displayed at 3 locations Bottom, Top and Centre.



1.5. SAFE COACHES:  







Coaches have been designed for maximum comfort and safety. Automatic door opening and closing mechanism and the train cannot move unless all doors are closed and locked. If a door opens accidentally in the moving train, brakes will apply automatically, bringing the train to a halt. Reduced fire risk due to special design features and materials.
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Emergency evacuation facility through emergency front door. Facility for passengers to talk to driver in Emergency. Provision for Emergency announcements in the train by driver and Operation Control Centre. Communication between Operation Control Centre and driver. Emergency illumination and ventilation in case of power supply failure.



1.6. DO’S:             



Do stand in queue. Do limit your baggage to 15 Kg‟s, not exceeding 60 cm (Length) X 45 cm (Breadth) X 25 cm (Height) in size. Do use the dustbins. Do stand on the left side of the escalators and while moving keep to the right. Do move away from escalators immediately after use. Do make way for the physically challenged. Do remember that the train stops for 30 seconds only. Do show your tickets to Metro personnel, when asked to. Do consider the comfort of your fellow passengers. Do abstain from drunken and unruly behavior. Do take care of your valuables. Do contact Metro Police for assistance. Do contact female security personnel in case of any problem (for lady passengers).



1.7. DONT’S:            



Don‟t bring eatables inside the station premises. Don‟t bring pets inside. Don‟t smoke. Don‟t carry firearms. Don‟t travel without your smart card or token. Don‟t jump over the ticket barrier. Don‟t share your card or token with another person on the same journey. Don‟t cross the yellow line on the platform. Don‟t step onto the Metro tracks. Don‟t travel on the roof of the train. Don‟t try to force the doors open. Don‟t deface or put up posters inside the Metro station or train.



Summer Training Report – Delhi Metro Rail Corporation



Page 6



 



Don‟t step on the Tiles meant for the visually impaired. Don‟t use the lift, it is meant for the physically challenged.



1.8. OFFENCES AND PENALTIES:   







 



   



   



Drunken behavior, vandalism, indecency, use of offensive & abusive language is punishable by a fine of Rs. 500/-. Carrying dangerous & offensive material on Metro Rail is punishable with imprisonment extending up to 4 years and a fine of up to Rs. 5000/-. Putting up posters without lawful authority or defacing the Metro premises or trains will invite penalties, which may extend up to 6 months imprisonment and /or a fine up to Rs.1000/-. Travelling on the roof or any other part of the train, not intended for the use of the passengers, will result in a fine of Rs. 50/-or imprisonment of 1 month or both. Walking on Metro tracks without lawful authority will be punishable by imprisonment up to 6 months or a fine of up to Rs. 500/- or both. Will-fully obstructing any Metro official in discharging his or her duties will result in punishment with imprisonment up to 1 year or fine up to Rs.1000/or both. Improper use of official communication equipment will be punishable by imprisonment up to 1 year or fine up to Rs.1000/- or both. Damaging Metro boards or documents shall be punishable with imprisonment up to 2 months and/or penalty of Rs.250/-. Unauthorized sale of tickets shall be punishable with a sentence of upto 3 months and/or fine up to Rs. 500/-. If any person throws an object with intent to damage any part of the train or its passengers, he/she will be punished with a life sentence or rigorous imprisonment extending up to 10 years. Damage to any property or causing fire hazards or explosions will result in imprisonment extending up to 10 years. Tampering with any safety device and endangering the safety of passengers or obstructing trains will result in imprisonment, extending up to 7 years. Any Unauthorized sale of articles at Metro Railway premises shall be punishable with a fine of up to Rs. 500/- or imprisonment up to 6 months. Ticket-less travel will result in a fine of Rs. 50/-.
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2. NEED FOR MRTS As cities grow in size, the number of vehicular trips on road system goes up. This necessitates a pragmatic policy shift to discourage private modes and encourage public transport once the level of traffic along any travel corridor in one direction exceeds 20,000 persons per hour. Introduction of a rail based (MRTS) Mass Rapid Transit System is called for. Mass Rapid Transit Systems are capital intensive and have long gestation period. It has been observed that in developed countries, planning for mass transit system starts when city population size exceeds 1 million; the system is in position by the time the city population is 2 to 3 million and once the population exceeds 4 million or so, planned extensions to the Mass Rapid Transit Systems is vigorously taken up. In developing countries including India, because of paucity of funds planning and implementation of rail based Mass Rapid Transit Systems has been lagging far behind the requirements. The city of Delhi with a population of round 12 (16.2) million should have had an MRTS network of at least 100 (300) KM by this time, whereas actually it is still (65.10 km’s) at the take-off stage. Delhi has all the ideal dress-up for an excellent Mass Rapid Transit System to be brought in. It has wide roads (roads cover 23% of the city area) where road possession for construction is not difficult (except in the old city area). Implementation will also not involve demolition of large scale private properties. Most of the land required is under Government control and hence can be easily acquired. The citizens are enlightened and would eagerly welcome introduction of people friendly MRTS though they may initially face some difficulties during the implementation phase. Added to this Delhi has an unassailable advantage in its excellent railway network comprising two rings and six spurs totalling about 120 KM within the urban area. Unfortunately, these Rail assets are not presently fully being utilized as its share of commuter traffic is only a mere 2%. Delhi has experienced phenomenal growth in population in the last few decades. Its population has increased from 57 lakhs in 1981 to 120 (162) lakhs in 1998 (2006) and is poised to reach 132 (190) lakhs by the year 2001 (2011). For want of an efficient mass transport system, the number of motor vehicles has increased from 5.4 lakhs in 1981 to 30 (51) lakhs in 1998 (2007) and is (increasing at the rate of 6.21 per annum). The number of motor vehicles in Delhi is now more than that Summer Training Report – Delhi Metro Rail Corporation
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of Mumbai, Calcutta, Chennai put together. The result is extreme congestion on Delhi roads, ever slowing speeds, increase in road accidents fuel wastage and environmental pollution with motorized vehicles alone contributing to about two thirds of the atmospheric pollution. Today the traffic on roads of Delhi is a heterogeneous mix of cycles, scooters buses cars and rickshaws jostling with each other. This has resulted in a chaotic situation so much so that due to road accidents, the average number of persons killed per day has increased to 5 and of those injured to 13. The position is expected to deteriorate further in the years to come. To rectify this situation the Government of India and the Government of National Capital Territory of Delhi, in equal partnership have set up a company named Delhi Metro Rail Corporation Ltd. under the Companies Act, 1956 which has (already commissioned a 65.10 kms route in Phase-I and is proceeding ahead with another 121 kms in Phase –II).



Summer Training Report – Delhi Metro Rail Corporation



Page 9



TELECOMMUNICATION DEPARTMANT



It is the department of DMRC, which deals with the protection, supervision and operation of the train. In short it the department that manages the metro traffic on the rails. Transmission of information is possible through co-axial cables, wireless media, fibre optics. Communication at a distance by electronics transmission of impulses, as by telegraph, cable, telephone, radio, or television constitutes Telecommunication.
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TELEPHONE EXCHANGE/EPABX EPABX is stands for Electronics Private Automatic Branch Exchange. For purpose of planting communication link between different stations, DMRC has its selfsustained telephone exchange. This system works on -48 V DC from SMPS. Data is processed at a rate of 64k bps. EPABX System at OCC: Telephone system shall interface to the radio system to enable radio users to initiate and receive calls to/ from EPABX extension or to MTNL or TATA INDICOM telephones. Centralized Digital Recording System: The telephone system is equipped with a CDRS for recording of designed lines, emergency PAS announcements and designated conversion system. Network Management System: The telephone network including EPABX and DLTC system is monitored, supervised and controlled by a NMS. EPABX rack is divided in two shelves:  Shelf 0  Shelf 1 These shelves can be extended according to requirements. Shelf 0 has CPU, which is comprised of following cards:  2 Power cards: This card distributes power to whole rack. One is active and another is redundant.  SF2X8 card: This card provides LAN ports for monitoring of EPABX at other stations.  2 DXCXL cards: These are CPU cards used for networking purposes. One card is active and other is not in use.  ADP: Administrative Data Processor. This is also a CPU card performs controlling information. Summer Training Report – Delhi Metro Rail Corporation
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 HDMO card: Hard Disk Magneto Optical card used for all software information backup.



Shelf 1 comprises of following cards:  2 SLMAC cards: This card is for analog phones. Maximum 24 phones can be connected to each card.  2 SLM02 cards: This card supports digital phones. Maximum 24 phones can be connected to each card.  LTUCA card: This card connects shelf 1 and 0 in EPABX rack.  2 DIUN2 cards: This card takes E1 signal from DDF. Links one station to other stations. There are 2 ports in each card, one for analog and another for digital. 2 cards for linking to both sides. Connection of Phones at a Station:  MDF-Main Distribution Frame  IDF-Intermediate Distribution Frame 24 ports from each SLMAC and SLM02 cards are passed to MDF through cables. From MDF to IDF through jumper wires and then to field, i.e., phones at different rooms. KRONES are arranged in array form in both MDF and IDF. Connector RJ11 connects handsets to field lines from IDF. KRONEs are connected in MDF and IDF in array form, connection to phones are supported through them.1 KRONE can support 10 phones. KRONEs in MDF are covered with IPM, a protecting module. 2 pair of wires are connecting to single phone for redundancy. Summer Training Report – Delhi Metro Rail Corporation
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DDF takes 4 E1 tributary signals from SDH, 2 from stations at both sides, 1 for analog phone and 1 for digital phone and passes to EPABX. E1 consists of 32 time slots each of 64k bps. Slot 1 has control data and slot 16 has signalling information, rest 30 slots are used as voice channels. So, maximum 60 calls can be done at a time. EPABX network is connected in 8 ring topologies so that communication link between stations retain.
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PIDS/PAS SYSTEM DMRC, being a Public Transport System, requires PIDS/PAS to address Passenger & Staff about:  Real-Time Train Arrival/Departure Information at Stations.  Public awareness, Safety and Security related Information.  Emergency and Evacuation Information, in case of any Emergency in DMRC System. The bilingual Information (English & Hindi) is displayed in written form on the display panels and is synchronized with voice announcements.
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SYSTEM INSTALLATION: PAS/PIDS system in DMRC is provided by two vendors: 1. In Line-1 & Line-2 - Alcatel (SYS-1). 2. In Line-3 - Siemens (3S03).  PID/PAS FEATURES: Real time information display/announcement in sync with Automatic Train Supervision (ATS) system. Bell Sound incorporated with Train arrival announcement for passenger attention. User defined message display/announcement is possible either from OCC or from stations. Emergency announcement available from Platform Supervisory Booth. Emergency announcement from Radio/EPABX is feasible.  PIDS/PAS – MODES OF OPERATION: Automatic Mode (in Synch with ATS system) Manual Mode (Station/OCC) Timed Mode i.e. Scheduled Mode (Station/OCC)
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MASTER CLOCK SYSTEM



Punctuality is of utmost importance in any Mass Rapid Transit System (MRTS) such as the DMRC where millions of passengers are ferried across the city every day. A small delay of even a minute or two may lead to a chaos-like situation on the platforms, especially on the busy interchange stations. Such strict timeconstraints call for a highly accurate and uniform timing system to ensure integrity and uniformity in its operations. So, in order to ensure such high level of punctuality and timeliness, it is necessary that the Metro trains and all its supporting departments follow a highly precise, standard common time Summer Training Report – Delhi Metro Rail Corporation
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throughout the entire network. This purpose is very well served by the Master Clock System located at the two Operation Control Centres (OCC), at Shastri Park and Metro Bhawan, Barakhamba Road. The main function of the Master Clock System is to provide a standard, uniform time to the entire DMRC network including all the stations, depots, OCCs etc. This is the reason that one will always find the same time on every clock on all the stations. In the absence of such a system, the operations will be highly disintegrated, non-uniform and desynchronised leading to malfunctioning and faulty operations.



 BENEFITS OF MASTER CLOCK SYSTEM: Provides a common, standard time throughout the entire Metro network leading to complete synchronisation and integrity of all its operations. Being a GPS-based system, it provides highly accurate and standard timing. Ensures punctual and reliable operations of the Metro trains. In fact, this punctuality is what has made Delhi Metro the most reliable means of public transport in the city. Helps keep a check on even minor delays in train operations and rectifying them quickly to ensure minimum inconvenience to the commuters.
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 ARCHITECTURE OF MASTER CLOCK OPERATIONS:
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UPS SYSTEM (UNINTERRUPTED POWER SUPPLY) Clean Power (Pure Sine Wave) is the most suitable for electric appliances such as Computer, Server, etc. because clean power gives only pure electric power without any power problems. Unfortunately power from a supply point is not a steady flow of electricity. There are numerous variations in supply, including sudden impulses, bursts, dip, power generating factory, natural disaster and etc. Some of these variations can be highly destructive to sensitive equipment. Here are power supply problems: 1.Over Voltage:  Cause: Cause by resident or company locates near the electricity transporting station or electric generating factory.  Effect: Depreciate life span of the electric appliances and sometime cause the system failure. 2.Under Voltage:  Cause: Occur when there is an exceed demand of electricity or locate far from electricity transporting station.  Effect: Can cause computer malfunction, damage hardware and system failure. 3.Surge:  Cause: High-powered electrical motors, such as household appliances in the vicinity. When this equipment is switched off, the extra voltage is dissipated through the power line.  Effect: Computer and similar sensitive electronic devices are designed toreceive power within a certain voltage range. Anything outside of expected peak and RAM (considered the "average" voltage) levels will stress delicate components and cause premature failure. Summer Training Report – Delhi Metro Rail Corporation
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4.Sags:  Cause: Typically caused by the start-up power demands of many electrical Devices (including motors, compressors, etc.), sags are also the electric utilities' means of coping with extraordinary power demands. In a procedure known as "Rolling Brownouts", the utility will systematically lower voltage levels in certain areas for hours or days at a time. Hot summer day, when air condition requirements are at their peak, will often prompt rolling brownouts.  Effect: A sag can "starve" a computer of the power it need to function, causing frozen keyboards and unexpected system crashed with the end result being the loss or corruption of data. Sags also reduce the efficiency and life span of electrical equipment, particularly motors. 5.Spikes:  Cause: Typically caused by a nearby lighting strike, spikes can also occur when utility power comes back on line after having been knocked out in a storm or as the result of a car accident.  Effect: Catastrophic damage to hardware. High voltage impulses can blow holes in delicate micro-chip traces. Also effects include corrupted data, printer or terminal errors, and data processing. 6.Noise :  Cause: Cause by many factors and phenomena, including lighting, load switching, generators, radio transmitters and equipment. It may be intermittent or chronic.  Effect: Introduce glitches and error into executable programs and data files.
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TYPES OF UPS : 1. OFFLINE/STANDBY UPS: Inexpensive. Cost effective choice for small and less critical & standalone application e.g. PC’s, Peripherals. Simple & hence reliable. Rides out more than 90% of mains outages. Overall effectiveness – 55%



2. LINE INTERACTIVE UPS: Highly effective power conditioning and UPS backup. Most suited for application areas where power outages are rare but there are frequent voltage fluctuations. Accepts wide range of input voltage variation (+15% to –25% ). Higher energy efficiency. Overall effectives – 85%. 3. TRUE ONLINE UPS: Full featured. Provides highest level of Power protection and power conditioning and backup. Zero switchover time during mains outages. Completely Regenerated output power and not just conditioning of the mains power as in Off-line or LineInteractive UPS. Provides frequency regulation (Essential for operation with backup D.G. sets). Overall effectiveness – 100%.



Summer Training Report – Delhi Metro Rail Corporation



Page 21



COMMUNICATION IN DMRC VIA RADIO SYSTEM 



RADIO WAVES:



A radio uses electromagnetic radio waves to send information across the air. The Terrestrial Trunked Radio (TETRA) standard was developed by the European Telecommunications Standards Institute (ETSI) for private mobile radio. TETRA provides standardization for radio system services, system interfaces, and methods for registration and call processing. ETSI has defined TETRA as open standard to provide standardization and interoperability of telecommunication systems and their application. DIGITAL TECHNOLOGIES USED UNDER TETRA: RF Carrier modulation π/4 DQPSK (Differential Quadrature Phase Shift Keying)This modulation method uses phase shifts in the transmit frequency to reflect different digital values. This method uses eight separate carrier phases. Up to four possible phase shifts can be made from any phase point. Each possible shift in phase is assigned a two-digit binary value (00, 01, 10, 11). ACELP (Algebraic Code Exited Linear Prediction)The ACELP compression method uses voice prediction algorithms and filters. In ACELP, the analog audio is first converted into digital signaling. Any redundant data is then noted and eliminated. Remaining data is compared to a codebook. Each chunk of the data is replaced by an index number from the codebook. The receiver then receives the data, looks up the index numbers from its codebook, and reconstructs the data. The final compressed signal is placed in a TDMA timeslot for transmission. TDMA (Time Division Multiple Access)-
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The Dimetra base stations and mobile stations use time division multiple access (TDMA). Each carrier signal is divided into four timeslots, creating four channels for each 25 kHz carrier.



RADIO SYSTEMS IN DMRC: The Radio system is a digital trunked radio system, operating in 380-400 MHz band and confirming to TETRA standards. The Radio system have central control equipment installed in OCC. The Radio system uses EBTS towers for communication in rail corridor & leaky coaxial cable along each track in the tunnels for communication with train borne mobile radio (in metro corridor) .  TYPES OF RADIO USED IN DMRC: 1. MOBILE VEHICLE RADIO\FIXED RADIO: a) RAU (radio access unit) It is located in the Station control room. It is placed in the best radio coverage and it is fixed& has functionality, just like a telephone radio. It is ideally suited to radio operator dispatchers and where office personnel need access to a radio system without wanting to have a radio placed into the office environment. b) Train radio MTM700 Mobile radio is installed at front & rear cab of the Metro Train, for communication between the train driver & designated station controllers at OCC & Depots. Direct Public announcement to passengers can be made by the Train Operator or from the OCC. Dome type omni-directional antenna is located at top roof of train.
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c) Radio console workstation It is for different controllers that are working in OCC such that chief and traffic controllers etc. On its MMI, all the radio information is displayed and communication can be set up only by clicking the radio identity. The hand portables come with 3x4 keypads, rotary switch dial, and LCD for number dialing and maximum flexibility. Hand portable is suitable for all kinds of calls used in DMRC. It type of radio is portable and can be used anywhere in the range of EBTS tower. 2. MOBILE PORTABLE RADIO:  TRUNKING: The trunking concept allows channels or other resources to be made available to users as they are needed. It allows all the channels to be pooled together. As a channel is needed, the controller grants an available channel from its pool of channels.  TALK GROUP: In most organizations, radio users work in groups that are based on their functions and responsibilities. These groups of radio users can be assigned to communicate in a talk-group that reflects their common function or responsibilities. Calls are half-duplex.  MODES OF COMMUNICATION: 1. TRUNK MODE OF OPERATIONa) It represents communication between two or more TETRA mobile stations with the use of trunking network infrastructure.TMO is achieved via EBTS. It provides RF interface from the master site to the mobile subscribers in a TETRA system. It can be categorized in two configuration:  Above ground (Rail corridor) Summer Training Report – Delhi Metro Rail Corporation



Page 24



 Underground (Metro corridor) It also allots channels to the radio equipment. a) GROUP MODE- It is a half duplex communication mode in which many users can communicate with each other by selecting a common talk group. b) PRIVATE MODE- It is a full duplex communication mode in which two users can communicate with each other privately without interfering the talk group. It uses two frequencies. c) PHONE MODE- It is a full duplex mode of communication in which a radio user can talk to any dialed phone number within DMRC or external network connected to DMRC. d) EMERGENCY MODE- The emergency key is provided on every radio equipment, an audio visual alarm will appear n every radio unit in that talk group. The party who initiates the call has the highest priority for calling. 2. DIRECT MODE OPERATION-















(a) It represents direct communication between two or more TETRA mobile stations without the use of trunking network infrastructure. (b) Simplex mode of communication. (c) Radio System: Each radio has its radio identification, which register itself in central system for its functioning. The radio is programmed for its ID, frequency, network code, & talk group. Radio unit consists of transmitter, receiver and frequency synthesizer circuit. Transmitter- A transmitter transmit radio signal. It usually has a power supply, an oscillator, a modulator, and amplifiers.



Summer Training Report – Delhi Metro Rail Corporation



Page 25







Receiver- A receiver is a device that receives a radio signal from an antenna and decodes the signal for use. Generally, receiver refers to a demodulator, a preamplifier, and a power amplifier.
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 ADVANTAGES OF TETRA1. Frequency used gives longer range, which permits high levels of geographic coverage with a smaller number of transmitters, thus cutting infrastructure costs. 2. Unlike the cellular technologies, TETRA is built to do one-to-one, one-to-many and many-to-many. 3. Rapid deployment (transportable) network solutions are available for disaster relief and temporary capacity provision. 4. In the absence of a network mobiles/portables can use 'direct mode' whereby they share channels directly (walkie-talkie mode). TETRA communication system has been implemented successfully. The signals are clear. The voice clarity is excellent. The TETRA technology effectively meets DMRC’s operational and functional expectations.
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Automatic Fare Collection System Overview Automatic Fare Collection System (AFC) is a contactless smartcard-based end-toend solution for fare collection and payment. The state-of-the-art solution is uniquely designed with the demand of revenue services for modern transit operation in mind. Furthermore, with the advent of smartcard technology and proliferation of its business applications, AFC also enables transit operators to expand revenue opportunities, exploit the benefits of payment integration with other transit operators as well as non-transit service providers.



Benefits of Smartcard-Based System  Improve efficiency and reduce operating and maintenance cost of fare collection for transit operators  Ease-of-use for commuters, increased passenger flow in and out of stations and transit vehicles  Open up proactive marketing opportunities. Multi-application capability and interoperability enable effective targeted pricing, loyalty programmes, cross-marketing with other services etc  Reduce fare-related fraud and revenue loss through open standard, secured transaction technology  Provide reliable and uninterrupted operation for train, bus, road toll and retail applications etc….
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System Architecture AFC is not a mere technology change replacing conventional magnetic tickets with contactless smartcards. It provides a complete, modular, standard-based open solution that meets the operation needs and revenue growth objectives. AFC is designed by a transit operator for transit operations.
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Key Characteristics of AFC  Utilises IS014443 Type A/B or C contactless technology  Fast and secured transaction using proven technologies (such as mutual authentication, DES algorithm etc.)  Able to integrate with new ticket media or existing magnetic ticket system  Scalable transaction database handles high-sustained transaction rate  A networked, distributed system using industry standard SNMP for system configuration and monitoring  Able to integrate with a variety of station equipment: Fare Gates, Ticket Vending Machine (TVM), Booking Office Machine (BOM), Ticket Checking Machine (TCM) and Card Recharging Terminals  Can include Central Clearing and Settlement System for multi-operators and service providers



NEED FOR AFC:  Reduces Ticketless Travel  No requirement of a Ticket Collector



AFC DOES THE FOLLOWING:     



Access Control Ticket Reading/Writing Transaction Collection and reports Stock Management (here tickets/tokens are the stock). Equipment Supervision from a centralized center.



AFC SYSTEM VENDORS:  Thales (line1,2,3,4)  Samsung (line 5,6)



Summer Training Report – Delhi Metro Rail Corporation



Page 30



TICKETS AT DMRC AT AVAILABLE IN TWO FORMS:  Smart Tokens  Smart Cards Both are recyclable. These register the gate, station and time at which the passenger has entered the paid area. Once the token is dropped at the exit gate, then all the data written onto it is removed. But this does not happen in case of the cards.



CONTACTLESS MEDIA Tokens and Cards issued at DMRC are of this kind, i.e. the entry and exit AFC gates can detect the tokens and Cards at a distance of maximum 10 cm from the Read/write surface.  CST (Contactless Smart Token) - these can be single journey tokens or double journey tokens (but now only single journey tokens are issued).



 CSC (Contactless Smart Card) different types of CSCs can be issued like for normal commuters (maximum170 minutes in the paid area, no multiple entry exits at the same station), tourist cards ( allowing multiple entry exits within the same station), maintenance cards, etc. There are total 16 types of such cards.
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TOKEN TYPES Contact less Smart Token  Single Journey Token  Return Journey Token  Free Exit Token  Paid Exit Token



Contact less Smart Card Stored Value Type Tourist Type Agent Type



EMERGENCY SWITCH. First Step for emergency is to use the GRCU in emergency mode. In case of problem use the emergency switch in the EFO. But because gates‘ll be powered off you‘ll lose the control of Gates. The Emergency switch located in the EFO in front of the gate array is used to power off all the gate machines so that all the flap are automatically open to facilitate the escape of patrons through the passages
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PARTS OF AFC SYSTEM:  SC: Station computer.  MEDIA: We require some medium for communication of every transaction to the OCC (Operations Central System).  TOM: Ticket Office Machine  Reader and Writer: Entry and Exit systems have different sensors for this.  Gates: These have different sensors to detect the entry/exit of passengers. In DMRC, a passenger of more than 80cm height has to buy a ticket.  Internetworking devices: switches, routers, etc THALES AFC SYSTEM ARCHITECTURE:  



Central System Level Station System Level



CENTRAL LEVEL COMPONENTS (basically needed for data management): 1. Data Center (DC) / Main Server: All transactions are first stored here. 2. Middle Ware Server: After the storage we have to carry out two functions which are done by this server: (a) Report Generation Function: In this various templates are available through software from which different reports can be automatically generated by fetching data from the data center. (b) Time Synchronization Function: Main Server synchronizes using Master Clock which is in turn synchronized using GPS and is consequently used for synchronizing the targets. 3. Archiving Server: After 35 days, the data in the data center is archived to the Archiving Server (Having Terabytes of capacity) so that the DC can be refreshed to store new data. Here magnetic tape facility is also available to store the previous transactions.
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4. Production Server: Whenever a new DMRC card is bought, there is a BIM (Bulk Initialization Machine) in which some DMRC specific parameters are initialized so that the card can only work for DMRC stations. After this the data of these new cards are stored in the DC. 5. Administration Console & Certificate Authority (AC&CA): (For equipment ID) To remove duplicity, i.e. the presence of fake cards, etc, the AC&CA provides a SIM to be put into the AFC equipments to help decrypt the encrypted data to ensure secure transactions. 6. Network Management Console (NMC): To supervise the network devices, remotely access these devices. 7. Local Workstations (LW): To carry out the local administrative tasks. 8. Firewall: To provide security against unauthorized access. But at present AFC is not connected to internet so Firewall is not needed. Since it is connected to Master Clock, hence to prevent Malware entering through it, a Firewall is provided. Note:  At Station Level all connections have LAN connectivity.  Station to Station connectivity is WAN connectivity. STATION LEVEL AFC EQUIPMENTS: 1. Station Computer: All equipments connected to SC. It collects transactions and updates audit registers from the AFC station equipment at the station level for transmission to the Central Computer. It also performs the function of stock management, equipment management and local data management. 2. AFC Gates: It is electro-mechanical equipment that provides the access of patrons from free area to the paid area and vice-versa according to business rules. It validates and authorizes the passage and also communicates with the SC. Also suppresses fraud. 3. TOM: It is for ticket sale and recharge. 4. Ticket Reader: It reads tickets. Summer Training Report – Delhi Metro Rail Corporation
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5. 6. 7. 8.



GRCU (Gate Remote Control Unit) Emergency Switch Networking Elements (Routers and Switches) Power Plant : in UPS room



AFC Gate



1. AFC GATE TYPES: 1. According to physical dimensions:  Normal/Standard Gate  Entry gate  Exit gate  Hybrid gate/Wide gate Summer Training Report – Delhi Metro Rail Corporation
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2. According to hardware:  Smart Media Validator (at entry gates)  Smart Media Accepter (at exit gates)  Reversible gates 2. SIZE OF GATES:  1100(H)*300(W)*1900(D) 3. FUNCTIONS OF GATE: a) Passenger service  Operation Mode (in service, out of service, failure, station close, maintenance, emergency, override mode)  Aisle Mode (entry, exit, reversible)  Door Mode ( normally closed, normally open) b) Staff service  Gate provides maintenance service for staff such as operation management, data enquiry, mode control, module test, AG configuration and module reset. c) Interface functions  Upload to SC : Transaction data, status data, event data  Download from SC: Parameter files, equipment software.
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Internal Layout of an AFC Gate :



Alar m LAMP



Block Diagram :
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Parts of AFC Gates :



 ECU Equipment Control Unit



ECU controls operations of modules, saves data and communicates with SC for transferring data.
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 Card reader/writer



Contactless card reader/writer detects tickets and writes information on the ticket.  TCU Token Capture Unit



TCU is capable of reading and writing data on token inserted by passenger. It returns or collects a token after checking a valuation of token.
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 PID (LCD 6.4 inch) Public Information Display



PID informs validity of tickets to passengers.



Device Security Module Power Supply Unit  PSU converts AC into DC power.  It supplies electricity to module to operate in a reliable manner.
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 Section door  GCU (Gate control unit) Gate Control Unit



 GCU board is actual controller of sector door.  Also, all of other components GCU controls are connected to GCU through digital input/output.



 UPS Uninterrupted Power Supply



 UPS prevents damage caused by interruption of Electric power and enables the gate to operate for some time after the interruption.
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 Return cup A small container that includes evacuated (invalid) tokens inserted in the token slot.



 Token containers Store tokens which are collected from Exit gate.



 Alarm Lamps
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 Direction indicator



 AC box It protects the gate from leakage, surge, overcurrent, etc.
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 AMP Speaker Amplifier



 Master/ slave link It links Master Automatic Gate with Slave Automatic Gate.
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Passenger Detection :



Detection Sensors  20 sets of photoelectric sensor  Emitter and Receiver Sensor
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Detection Zone :



1. 2. 3. 4.



Detection zone Surveillance Zone Safety Zone (this is where the flaps are) Exit Zone
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TICKET OFFICE MACHINE (TOM)



OVERVIEW: The Ticket Office Machine (TOM) is a ticket transport semiautomatic vending and consulting machine, handling Contactless Smart Cards and Tokens. The Ticket Office Machine is operated by an authorized operator to sale, add value, refund, replace, analyze cards and eventually make adjustment in case of surcharge detection. At the same time, passengers can follow the operations with help of the patron display. It is a standard personal computer connected to different appropriate peripherals.



TYPES OF TOMS: 1. BOOKING OFFICE TOM- Located in station booking office. FUNCTIONS:     



Ticket sale except EXIT ticket sale Ticket Reloading Ticket Refund Ticket Cancel Ticket Analysis
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2. EFO (Excess Fare office) TOM: Located in Customer Care Office. FUNCTIONS:      



Ticket Sale Reloading Data analysis and solving conflicts and errors Ticket Refund, Cancel, Replacement Zero adjustment Issue exit tokens (Free/Paid)



3.BLOCK DIAGRAM: 230AC/24 DC



Receipt printer Serial Patron display



link



Serial link Token auto-feeder



Serial 230AC/ 12AC Link



Link



PC



Serial Link



Ethernet link



CSC module



CSC Antenna



To SC Display Mouse Keyboard 230AC/ 12 DC Link



Mains Power
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4.TOM PERIPHERALS:      



One standard personal Computer, QWERTY keyboard and a mouse, One Passenger Information Display, One CSC reader/writer, One Receipt Printer, One Token Auto-Feeder mechanism with two containers and  One Ethernet LAN communication link to SC. 1. PID: The Passenger Display is a pedestal mounted display capable of displaying messages in English and in Hindi characters. It can be moved and oriented towards the passenger in the best direction to indicate the relevant information concerning the transaction or the processing taking place. It is linked to the TOM CPU via a serial link. 2. CSC Read/Write Module: The CSC module is constituted by a modem and an antenna included in a plastic housing. This set is linked to the TOM CPU via a serial link. The CSC reader is powered up with a 12 V DC. The antenna is set under the top side of the box. This allows to put and leave the card on the box during the transaction. The CSC module reads and writes CSC data with secure access using diversified keys mechanism for authentication and selection of CSC. 3. TOM Receipt Printer: The receipt printer is a standard desktop dot matrix receipt printer. It is linked to the TOM CPU via a serial link.
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4. AFC (Automatic Feeder Mechanism):Dispenses token. Connected on Serial port 2 of CPU.220VAC supply given directly. Have 2 hoppers for each type of Token and a token guide.



Configuration : Modules :
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Block Diagram :
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TICKET READER 1. OVERVIEW: A. It is a ticket reading device B. It displays the ticket information to passenger.



2. FUNCTIONS: A. PASSENGER SERVICE i. Display of ticket information (remaining value, sale station, zone, validity duration, used date/time) ii. Display of last transaction history (six transaction history) B. STAFF SERVICE i. Self-diagnostic ii. Program upgrade
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Configuration :



Block Diagram : Closing door



Detecting Illegal Passenger



Illegal Passage Safety Zone



Door Closing after pass
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TICKET VENDING MACHINE (TVM) Overview : 1) Type: Stand type, Rear side maintenance 2) Height: 1,800 mm, Width: 950 mm, Depth: 770 mm 3) Display: 17 inch LCD-Touch screen (English / Hindi) 4) Function a. CST Issuing b. CSC Add value 5)Payment a. Coin: 1 Rs, 5 Rs (Circulating) b. Banknote: 10 Rs, 50 Rs, 100 Rs c. Credit / debit card (optional) 6) UPS Power back-up
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Module Layout(Internal) :



External Layout
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Configuration : Modules :
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Module Pictures :



ECU



DSM



TIM
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CSC Reader (SVT Slot)



Banknote Module



Banknote Cashbox



Token Reject Box
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Functions : 1) Passenger Service  Purchasing CST service - By coin and banknote  CSC add value service - By Banknote , Credit/Debit Card (Optional) 2) Staff Service  Maintenance support MTP (Maintenance Panel)  Operation service and maintenance service 3) Interface function  Upload to SC : Transaction data, Status data, Event data  Download from SC : Parameter Files, Equipment Software



Operation Mode : 1)Operation Mode



:



2) Operation Status  Service Status - In Service, CST Sale, Add Value Summer Training Report – Delhi Metro Rail Corporation



Page 59



 No Change Status - Change, No Change  Payment - All Payment, Coin Not Use, Banknote Not Use



GUI :



Main Screen
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STATION COMPUTER Overview : 1) Station Computer(SC) 2) 1 Server (Xeon 3.0GHz *2 processor , 2GB Memory, 146GB * 3ea HDD, Windows2003 Server, ORACLE 10g) 3) Printer : 24Pin Dot Printer 4) Function  Equipment Supervision  Transaction data Collection  Station Parameter Management  Equipment Software Management
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Main Screen :



Data Query :
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What Each Colour Depicts ?
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CONCLUSION Experience: The period of 6 weeks of training in Delhi Metro Rail Corporation was a learning experience. It presented an opportunity of seeing how engineers work and coordinate in an organization. The study of various Hierarchies in a Delhi Metro Rail enriched the knowledge regarding the various levels of government organization. The review of the Signal & Telecommunication where the collection of Communication through respective Stations and track of Delhi Metro were compiled and summarised to prepare the Signal & Telecommunication and to know the process of working in an organization in co-ordination. It also helped to gain an opportunity to study the various community/stakeholders participations of various Signal & Communication units. This enhanced the report writing skills and presentation techniques for the future. It raised up the knowledge regarding Signal & Telecommunication and also the participation of Communication company’s of different associations like BEL, BHEL, HCL etc are involved in Electronics and Communication field. Thus, the Signal & Telecommunication Department helped us to review the various techniques and inventions which are required to be implemented properly to make the vision of Electronics world of future successful.
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