AUTOMATIC CONTROL OF RAILWAY SIGNALLING
ABSTRACT


The objective of this project is to provide an automatic railway signalling operated by the microcontroller. It deals with two things. Firstly, it deals with the reduction of time for which the train is being kept waiting for line clear and secondly, to provide safety to the trains by reducing the accidents.

This project highlights the concept of managing trains at one particular station by developing a simulation through microcontroller. Emphasis  has  also  been  given  about  the  Historical  Development  of  Railway Signalling.

This project finally concluded with a practical simulation of the automatic railway signalling.

CHAPTER 1
INTRODUCTION

All over the world Railway transportation is increasingly used, as this mode of transport is more energy efficient and environmentally friendly than road transportation. Trains move on iron rail tracks and wheels of the railway vehicle are also flanged Steel wheels. Hence least friction occurs at the point of contact between the tracks & wheels.

Therefore trains carry more loads resulting in higher traffic capacity since trains move on specific tracks called rails, their path is to be fully guided and there is no arrangement of steering. Clear of obstruction as available with road transportation, so there is a need to provide control on the movement of trains in the form of Railway signals which indicate to the drivers to stop or move and also the speed at which they can pass a signal.

Since the load carried by the trains and the speed which the trains can attain are high, they need more braking distance before coming to the stop from full speed. Without signal to be available on the route to constantly guide the driver accidents will take place due to collisions.
There are basically two purposes achieved by railway signaling.
1. To safety receive and dispatch trains at a station. 

2. To control the movements of trains from one station to another 
After ensuring that the track on which this train will move to reach the next station is free from movement of another train either in the same or opposite direction. This Control is called block working. Preventing the movement from opposite direction is necessary in single line track as movements in both directions will be on the same track. 

Apart from meeting the basic requirement of necessary safety in train operation, modern railway signalling plays an important role in determining the capacity of a section .The capacity decides the number of trains that can run on a single day. By proper signalling the capacity can be increased to a considerable extent without resorting to costlier alternatives.

The fixed signals provided by the side of the railway track with indication in the form of colour lights are the actual authority to a driver to get in to the portion of the track beyond the signal. At stations the trains may be received on any one of the platform lines. To take the train to any specific track, points are provided. The purpose of the point on the track is to divert the train from one track to adjacent one.
 Hence the signal has to be connected to the points in an arrangement called interlocking. This Interlocking arrangement only ensures that a point is correctly set for the particular route or a track and the signal conveys this information to the driver.
CHAPTER 2

SIGNALLING
2.1 RAILWAY SIGNALLING

A signal is a mechanical or electrical device erected beside a railway line to pass information relating to the state of the line ahead to train drivers/engineers. The driver interprets the signal's indication and acts accordingly. Typically, a signal might inform the driver of the speed at which the train may safely proceed, or it may instruct the driver to stop.

Railway signalling is a safety system used on 

transport" 
railways
 to prevent trains from colliding. Trains are uniquely susceptible to collision because, running on fixed 

tracks" 
rails
, they are not capable of avoiding a collision by steering away, as can a road vehicle; furthermore, trains cannot decelerate rapidly, and are frequently operating at speeds where by the time the driver/engineer can see an obstacle, the train cannot stop in time to avoid colliding with it. Most forms of train control involve messages being passed from those in charge of the rail network or portions of it to the train crew. The set of rules and the physical equipment used to accomplish this determine what is known as the method of working.
2.2 TYPES OF SIGNALLS
On most railways, physical 

signal" 
signals
 are erected at the line side to indicate to drivers whether the line ahead is occupied and to ensure that sufficient space exists between trains to allow them to stop.
2.2.1 MECHANICAL SIGNALS

           Older forms of signal displayed their different aspects by their physical position. The earliest types comprised a board that was either turned face-on and fully visible to the driver, or rotated so as to be practically invisible. While this type of signal is still in use in some countries (e.g. France and Germany), by far the most common form of mechanical signal worldwide is the semaphore signal. This comprises a pivoted arm or blade that can be inclined at different angles. A horizontal arm is the most restrictive indication (for 'danger' or 'caution', depending on the type of signal).
Typically this comprises a permanently-lit oil lamp with movable coloured spectacles in front that alter the colour of the light. The driver therefore had to learn one set of indications for day time viewing and another for night time viewing.

Whilst it is normal to associate the presentation of a green light with a safe condition, this was not historically the case. In the very early days of railway signalling, the first coloured lights (associated with the turned signals above) presented a white light for 'clear' and a red light for 'danger'. Green was originally used to indicate 'caution' but fell out of use when the time interval system was discontinued. 
A green light subsequently replaced white for 'clear', to address concerns that a broken red lens could be taken by a driver as a false 'clear' indication. It was not until scientists at Corning Glassworks perfected a shade of yellow without any tinges of green or red that yellow became the accepted colour for 'caution'. Mechanical signals are usually remotely operated by wire from a lever in a signal box, but electrical or hydraulic operation is normally used for signals that are located too distant for manual operation.

2.2.2 COLOUR LIGHT SIGNALS



On most modern railways, colour light signals have largely replaced mechanical ones. Colour light signals have the advantage of displaying the same aspects by night as by day, and require less maintenance than mechanical signals.


Although signals vary widely between countries, and even between railways within a given country, a typical system of aspects would be:

Green: Proceed at line speed. Expect to find next signal displaying green or yellow.

Yellow: Prepare to find next signal displaying red.

Red: Stop.
2.2.3 CAB SIGNALLING



Cab signaling is a system that communicates track status information to the train cab (driving position), where the engineer or driver can see the information. The simplest systems display the trackside signal aspect, while more sophisticated systems also display allowable speed and dynamic information about the track ahead. In modern systems, a 

 protection system" 
train protection system
 is usually overlaid on top of the cab signalling system to warn the driver of dangerous conditions, and to automatically apply the brakes and bring the train to a stop if the driver ignores the dangerous condition.[1] Cab signalling systems range from simple coded 

circuits" 
track circuits
, to transponders that communicate with the cab and communication based train control systems.

2.3 INTERLOCKING


In the early days of the railways, signalmen were responsible for ensuring any points (US: switches) were set correctly before allowing a train to proceed. Mistakes were made which led to accidents, sometimes with fatalities. The concept of the interlocking of points, signals, and other appliances was introduced to improve safety. This prevents a signalman from operating appliances in an unsafe sequence, such as setting a signal to 'clear' while one or more sets of points in the route ahead of the signal are improperly set.

Early interlocking systems used mechanical devices both to operate the signalling appliances and to ensure their safe operation. From about the 1930s, electrical relay interlockings were used. Since the late 1980s, new interlocking systems have tended to be of the electronic variety.
2.4 CONTROL AND OPERATION OF SIGNALS

Signals were originally controlled by levers situated at the signals, and later by levers grouped together and connected to the signal by wire cables, or pipes supported on rollers (US). Often these levers were placed in a special building, known as a signal box (UK) or interlocking tower (US), and eventually they were mechanically interlocked to prevent the display of a signal contrary to the alignment of the switch points. Automatic traffic control systems added track circuits to detect the presence of trains and alter signal aspects to reflect their presence or absence.
2.5 Application and positioning of signals

Originally, signals displayed simple stop/proceed indications. As traffic density increased, this proved to be too limiting, and refinements were added. One such refinement was the addition of distant signals on the approach to stop signals. The distant signal gave the driver/engineer warning that he was approaching a signal which might require a stop. This allowed for an increase in speed, since trains no longer needed to be able to stop within sighting distance of the stop signal.

Under timetable and train order operation, the signals did not directly convey orders to the train crew. Instead, they directed the crew to pick up orders, possibly stopping to do so if the order warranted it.
2.5.1 SIGNAL INDICATES
1. That the line ahead is clear (free of any obstruction) or blocked.

2. That the driver has permission to proceed.

3. Those points (also called switch or turnout in the US) are set correctly.

4. Which way points are set?

5. The speed the train may travel.

6. The state of the next signal.

7. That the train orders are to be picked up by the crew.
2.5.2 SIGNAL POSITION
1. At the start of a section of track.

2. On the approach to a movable item of infrastructure, such as points/switches or a swing bridge.

3. In advance of other signals.

On the approach to a 
4. 
crossing" 
level crossing
.

5. At a switch or turnout.

6. Ahead of platforms or other places that trains are likely to be stopped.

7. At train order stations.

'Running lines' are usually continuously signalled. Each line of a double track railway is normally signaled in one direction only, with all signals facing the same direction on either line. Where 'bi-directional' signalling is installed, signals face in both directions on both tracks (sometimes known as 'reversible working' where lines are not normally used for bi-directional working). Signals are generally not provided for controlling movements within sidings or yard areas.

CHAPTER 3

EARLIER SYSTEMS OF RAILWAY SIGNALLING
In olden days in 19th century techniques are not so much developed in railway signaling. Only just one or two techniques used for safe operation of trains. Some of them are as fallows
3.1 Telephone
Controllers in the earlier system of working, used to collect information on telephone about the actual departure of each trains from the important nominated stations only, as it was not practical to collect timings from all 28 stations, keeping in view that every 45 seconds a train is passing a station.  Departure timings were recorded in a pre- printed chart, each page covering ½ hour duration. Controllers in case of diversion/cancellation of trains informed various Assistant Station Masters (ASMs), who in turn were required to take action for manual updating of train indicator display boards.

Telephone is the one of the device used for communication in signaling. The men in the driver cabin to the signaling station whether there is a train on the track. Initially the train which passed before sends message to the same signaling station. By this way telephone is using in railway signaling.
3.2 LASER LIGHT

Laser light is one of the oldest methods used for railway signaling. According to this method a man stands with three laser lights at place near to station. The three lights are red, yellow, and green. If he shows red there is no chance of stopping the train in the station. If he shows yellow then the train goes slowly and waits for a few seconds. If he shows green then the train waits for few minutes.

3.3 Neale’s Ball Token Instrument
The system, called Neale’s Ball Token Instrument, was introduced during the British rule, designed by an engineer with the GIP Railway named Neale; the signaling system involves an electro-mechanical instrument provided at each station on single line railway sections. It ensures safety in train operations by dispensing tokens, which are handed over to train drivers as authority to run the train and proceed ahead.

The tokens are spherical steel balls, which are issued in such a manner that only one token can be issued for one direction at a time after ensuring that previous train has already cleared the section and there is no other train between the stations. The steel balls are tied to a racquet-shaped cane ring and handled from the train driver to the station staff. Each station has one such instrument for each direction, which are electrically connected to similar instruments provided at the adjoining stations on either side. This ensures that only one train can enter the block sections at a time.

“In the single line sections, it is one of the safest and foolproof methods of signaling even in today’s modern era. This method is called as absolute block signalling system as against the commonly used automatic signalling system in the more intensively used suburban sections,” a senior official said.

3.4 CONSTRAINTS OF THE EARLIER WORKING SYSTEMS 

Following are the constraints of the earlier system:-
1. Controller was essentially a recorder rather than managing the train movements. Information was not available immediately regarding unusual incidents at field.

2. Decision/Action taken was delayed.

3. Decisions taken were ad-hoc.

4. The information displaying on Indicator display may not math with actual train- running information.

5. Delay in announcements.
CHAPTER 4
PRESENT SYSTEMS OF RAILWAY SIGNALLING
4.1 ABSOLUTE BLOCK SYSTEM


The principle of the Indian Railways Absolute Block system is quite straight-forward (this can be refereed to in Appendix). Only one train should be in any one block section at a time. The Absolute Block system applies on double or multiple lines where trains always use each line in a pre-determined direction and also on single lines but the instruments used on double and single lines are of different types. 
4.2 ABSOLUTE BLOCK SYSTEM ON SINGLE LINES


In single lines, before a train is dispatched into the block section, it must be ensured that no train is already in the section and also no train is allowed to enter the section from the opposite end of the block section. To accomplish this aim, two main types of equipments are provided on single line sections.

In the older generation of equipments, a Token was extracted from one of the Block Instruments  and  handed  over  to  the  driver  of  the  train  which  constituted  his Authority To Proceed.
4.2.1 Token Block Working on Single Lines


Usually the Neal’s Ball type Co-operative Block instruments are provided. A brief introduction about its working is given in the following paragraphs.


The Block Instruments contain a number of Tokens which are spherical in shape and are also numbered serially. The mechanism of the Block Instruments and the wiring between adjacent Block Instruments is set up in such a way that at time only ONE token can be extracted from any instrument, Which means that if a token is extracted form instrument A then another token  cannot  be extracted from either instrument A or B. There are a total of 70 tokens provided between the two instruments and at time at least 69 tokens are always locked in the machines.


After the procedure of obtaining a Line Clear from the station in advance is obtained, a token has been extracted from the instrument; the token is handed over to the driver of the train which constitutes. In addition obtaining the Line Clear also frees the Last Stop Signal (Advance Starter his authority To Proceed) if provided. Hence, now the driver can enter the section ahead and when he reaches the station in advance, he hands over the token to the cabin man who in turn inserts the token back into the Block Instrument which again restores the total number of tokens to 70.These enables the Block Instruments to be normalized and are now ready to dispatch another train in the block section form either direction.


It should be remembered that before giving TOS to the station in rear, the station in advance shall verify that the train has arrived complete.

Token-Less Block Working on Single Lines


On single lines which see heavy traffic, token-less block working has been introduced  which also uses Block Instruments of a different type and relies on Occupation and release of track circuits to ensure safe working of trains. This type of block working saves time to large extent and in this type of block working the Advance Starter being taken Off constitutes the Authority To Proceed to enter the Block Section.
DISADVANTAGES 

· As seen from the above example to move a train from one station to another several instructions have to be followed before making a move

· This is fine in the sections where traffic density is low but in case of suburban traffic as in Mumbai where there are trains scheduled every three minutes, this system is certainly not feasible.

· Possibility of accidents due to negligence on the part of human beings.
4.3 ABSOLUTE BLOCK SYSTEM ON DOUBLE LINES


On double lines the cabins on each end of the block sections are equipped with a Block Instrument which is usually of the SGE type mentioned earlier. It has two small windows which show the status of the UP and Down Lines and a round handle known as the Commutator which also has a plunger in the middle. The commutator can be turned through three positions but only by first pressing the plunger in the middle.  Pressing the plunger sends one bell beat to the block instrument at the other end. 
In addition to the block instrument, a bell is also provided which gives a single beat on its gong every time the plunger at the other end is pressed. A block telephone is also provided to enable voice communication between the two block instruments. In addition a buzzer is provided to sound when the leading vehicle of the train passes  the Advance Starter and enters the Block Section  and  an  Indicator  Lamp  is  provided  which  lights  up  when  the  Block Commutator becomes Free.

A representation of typical block instrument in operation on the IR is given on the next page. The upper panel on instrument A shows the status of the up line to the next station namely Nallapadu. The needle at the Line Closed position denotes that no train is allowed to enter the Block Section and neither is any train already in the block section. If Guntur station wants to send a train to Nallapadu he will press the yellow bell plunger once which will ring the bell at Nallapadu once (calling attention signal) In turn Nallapadu station will acknowledge by pressing his own bell plunger once and picking up the block phone. 

The cabin man at Guntur also picks up the phone and gives the description of the train he wants to send to Nallapadu. When Nallapadu panel receives the train description he gives a Private Number to Guntur Cabin.  Now both put down their phones and make an entry in a register known as the Train Signal Register (TSR).Various timings regarding the procedure are noted down in the TSR. After a minute or two depending on the current position of the train Guntur cabin will send two beats on the block bell (Line Clear Inquiry) asking Is Line Clear
If all the conditions for issuing a Line Clear are being met at Nallapadu, the station master at Nallapadu will press his block plunger twice and while keeping it pressed the second time, will turn the commutater to the right hand position. Now the needle in the lower panel at Nallapadu will turn to the position Line Clear. Similarly, the needle in the upper panel at Guntur will also turn to the position Line Clear. As soon as Guntur station gets the Line Clear, his Up Advance starter is unlocked and can now be taken off. Guntur station takes off the advance starter which also constitutes the Authority to Proceed for the driver of the train.
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Now the train passes through the station section and as soon as it passes the advance starter, a buzzer sounds in the Guntur cabin and the advance starter reverts to danger which indicates that the train is entering the block section. Now the cabin man at Guntur presses the block plunger three times (to indicate Train Entering Section) slowly and distinctly. In turn Nallapadu acknowledges the signal by pressing the bell plunger three times and at the third beat the plunger is kept pressed and the commutator is turned to the Train on Line position on the left most side. This also puts the needles on both the block instruments to the Train on Line position from the Line Clear position.

Now an electromagnet in the block instrument keeps the commutator locked at the Train on Line position till the conditions for giving the Train out Of Section (TOS) signal are satisfied. When the train arrives at Nallapadu, it occupies the block overlap beyond the Home Signal. After clearing the block overlap, the TOS signal can be sent to Guntur. When a train occupies and then releases the Block Overlap, the Block commutater is released and is free to be turned to the Line Closed position.  But before giving the TOS signal to the station in rear that is Guntur, the station master at Nallapadu must also verify that the train has arrived complete in all respects.
It is possible that the train may have parted in the block section and only a part of the train has arrived and the rear end is still in the block section obstructing the line. To make this verification easy, a tailboard is provided on the last vehicle by day and a flashing red taillight is provided at night and is hung by the guard of the train. The tailboard has the letters LV written on it and means Last Vehicle. If the train has arrived completely then the tailboard is visible to the station master and now he can send the TOS signal to Guntur. The TOS is given by pressing the bell plunger four times and at the fourth instant keeping the plunger pressed; the commutator is turned to the middle position i.e the line closed position. Now the Block Instruments are ready for another train.
A similar procedure is observed while sending a train from Nallapadu to Guntur over the Down Line. Although the block instruments are combined for the Up and Down line, these lines are discrete and simultaneous movements can be conducted over both these lines without restrictions. However, in case of emergencies, single line working can also be started on double line sections. Detailed procedures are laid out for such situations which are beyond the scope of this paper. However, in such situations, the Block Instruments may be kept suspended.
4.3.1 Conditions for giving Line Clear


The above paragraphs have mentioned that the Line Clear is simply given but in fact before a Line Clear is given the following conditions must be satisfied:
1. Previous train must have arrived completely.

2. Home signal at Nallapadu must be lit and at Danger. 
3. Block Overlap of 180 meters must be clear of any obstructions at “B” Class stations and up to the Advance Starter at “C”class stations

           IR's bell code has some points of correspondence with systems used in the UK in the early part of the 20th century. The system of bell codes to convey messages from one signal box to another is given below. An 'X' indicates a short strike on the bell, and a dash indicates a pause

a) Bell Codes
Message 





        Code

Attention 






X

Line Clear Inquiry





XX

Train entering Block Section 



 
XXX

Train leaving Block Section, Obstruction removed
    
XXXX

Cancel previous, Cancel last (given in error) 

  
XXXXX

Danger or Obstruction




 
XXXXXX

Stop and Examine Train 




XXXXXX-X

Train passed without tail lamp or missing tail board 
  
XXXXXX-XX

Train Divided 






XXXXXX-XXX

Runaway Vehicle (single line, or double line wrong

direction)





           XXXXXX-XXXX
Runaway Vehicle (double line, right direction) 

XXXXXX-XXXXX

Instrument test





           XXXXXXXXXXXXXXXX
The acknowledgement for each of these messages is given by repeating the same message immediately.
4.4 SEQUENCE OF THE SIGNALS

From the  driver’s  viewpoint,  while  entering  the  block  section  he  sees  the following signals

1. FIRST

Advance Starter at Guntur-Already explained in detail above. This is usually a Two- Aspect signal showing Red or Green. But where block sections are short, this signal may be of three or four aspects and may also take the place of the Nallapadu Distant. In other words the Nallapadu distant signal may be combined with the Guntur Advance Starter.

2. SECOND

Up Distant signal of Nallapadu- As explained in previous paragraphs, the Home Signal is the very first signal encountered by the driver at the station but the Home is a Stop signal and might be displaying the Danger aspect. Now an important rule of railway signalling is that a driver must never be shown the danger aspect directly but whenever he approaches a danger signal, the preceding signal must show a Caution aspect- that is the Yellow aspect. 
This will warn the driver that he is approaching a danger  signal  and  will  ensure  that  he  has  his  train  well  in  control  before  he approaches the Home at danger. Hence a permissive signal known as the Distant Signal is provided a full braking distance in rear of the Home signal. This maximum braking distance is considered to be 1000 meters on the IR. Hence the Distant is provided at a distance of 1000 meters form the Home. As the Distant is a permissive signal, the driver is never confronted by a danger aspect on a distant signal. If the Home at Nallapadu is displaying a less restrictive aspect then the Distant also steps up to green correspondingly.
3. THIRD 


Home Signal of Nallapadu, this signal is usually of the three or four aspect type depending on the yard layout ahead and may also have a number of route indicators to show the driver as to which route or line his train will be diverted onto.

4.5 Provision for Second Distant Signal on high speed routes

An high speed routes such as  Rajdhani routes, the train speeds have increased to such  an  extent  that  the  braking  distances  of  these  trains  has  also  increased considerably. In this situation, the lone distant described is insufficient to warn the driver in adequate time about the condition of the home signal ahead. Now the driver must be told about the condition ahead by the provision of another distant signal which is placed 2000 meters in rear of the Home. 
Hence now there are two distant signals—the first distant signal is now 2000 meters away from the Home and the intermediate Distant which was previously the Distant is now 1000 meters from the Home. If train Home is at Danger then the first distant displays Double-Yellow aspect indicating attention and the intermediate Distant displays the Yellow aspect. If the Home is green then both the distant signals are also green.

4.6 Intermediate Block Post and Intermediate Block Signal
Usually stations are the places where Block Instruments are provided as mentioned earlier; most b l o c k sections are the distance between the two stations. But many times the distance between two stations is large such as up to 10 kilometers. If the block section is made so long then when train enters the block section, until it reaches the next station, a following train cannot leave the station. This usually reduces the section capacity and also holds up important traffic sometimes. In order to minimize such delays, the Block Sections are divided into two or more parts. This can be done in two ways either by providing an Intermediate Block Post or an Intermediate Block Signal (IBS).It should be remembered that the above remedy is available only in Double Line sections. In single lines, a much more complicated arrangement may be required.
Chapter 5

AUTOMATIC BLOCK SYSTEM


This system is mostly used in places where traffic density is high as in Suburban Section. In this particular system the signals are actuated by the trains themselves and therefore the train can follow each other between the two stations the section between the two stations is divided in to number of blocks and electric current is conveyed through the electric circuited track. When a train enters a particular track the electric current puts the signal at danger position(red  aspect) for the particular block until the train has gone nearly two blocks ahead that is for adequate distance. This system is used where traffic density is high as in Mumbai Suburban Section.

5.1 CHARACTERISTICS 

1. The movement of trains is controlled by stop signals which are operated automatically by the passage of trains past the signals.

2. No automatic signals assume “OFF” unless the line is clear, not only up to the stop signal ahead but also an adequate distance beyond it.

3. The line is track-circuited throughout its length and divided into a series of automatic  signaling  sections  or  blocks,  each  of  which  is  governed  by  an automatic stop signal.

ADVANTAGES 

1. Due to automatic signaling, human error is eliminated which leads to greater safety and efficiency.

2. Less number of personnel for operating signals is required which reduces the operating cost

3. The system is a “fail safe system” i.e. in case of any failure of signals due to current, are made to bring the signals the signals at Danger position.

5.2 Track Circuit - Block Unoccupied
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This diagram shows how the track circuit is applied to a section or block of track.  A low voltage from a battery is applied to one of the running rails in the block and returned via the other.  A relay at the entrance to the section detects the voltage and energizes to connect a separate supply to the green lamp of the signal.
5.3 Track Circuit – Block Occupied
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When a train enters the block, the leading wheel set short circuits the current, which causes the relay to de-energies and drop the contact so that the signal lamp supply circuit now activates the red signal lamp.  The system is "fail-safe", or "vital" as it is sometimes called, because any break in the circuit will cause a danger signal to be displayed.
5.4 How A Track Circuit Really Works


The purpose of this note is not to explain track circuits, which are a big order, but merely to explain more precisely what goes on when a track circuit is shunted by a train. The traditional wording, as in Webb's says "Therefore, when there is any considerable loss of current from one rail to the other, the relay will not be sufficiently energized, the local circuit will be broken, and the signal will automatically fall to danger." True enough, but this does not give one the understanding necessary to handle all the problems that may arise. Understanding is not necessary, of course; tinkering around and following known prescriptions may also be enough, but understanding may make the job easier.


I will use a DC track circuit energized by a battery as an example, because it is simple and easy to understand, and illustrates all the necessary principles. The first track circuits used a couple of gravity cells in a well at one end of the block. The current went from one terminal to one rail, down the rail to the other end of the block, through the winding of the track relay, into the other rail, and back along it to the other terminal of the battery, completing the circuit. The resistance of the relay winding was a couple of ohms, about equal to the internal resistance of the jars of gravity. The resistance of the rails was (hopefully) small in comparison. Enough current, about half an ampere, flowed to pick the relay up.


When a train came along, at either end of the block, the path through wheels and axles had a much smaller resistance than the path through the track relay, so more current flowed from the battery. The voltage drop in the internal resistance of the battery caused the terminal voltage to drop, and so the voltage between the rails dropped. With less voltage across the track relay, the armature dropped and the track circuit was officially shunted. The track relay and the battery can be connected at any location along the track circuit, even at the same point, the train can enter from either end or be anywhere in the block, and the same thing always happens.


If you simply replaced the gravity cells with alkali cells, the track circuit would no longer work. The alkali cells had a low internal resistance, and easily supplied the extra current for the wheels without dropping the voltage between the rails, so the track relay would not drop out, no matter how much current was diverted. Of course, what was done was that a two-ohm resistor was placed in series with the battery to substitute for the missing internal resistance of the gravity cells. Now the voltage between the rails would drop nicely when a train came along. To check the track circuit, you simply put your voltmeter across the rails and watch what happens when a train comes along. Certainly the added resistor limits the current through the battery, but its value strongly affects the behavior of the track circuit; it is a much more important component than simply a current limiter.


An electrical engineer would say that what is wanted is a current source, and, in fact, that is what a track circuit calls for. If the resistance of whatever is connected to a current source decreases and makes it easier for current to flow, a current source obliges by lowering its voltage so the same current flows. Since this is now flowing through the axles rather than the track relay, we have the desired effect. However you put it, the main thing is that the track relay drops out because the voltage between the rails drops. A series resistor turns a voltage source (the battery) into something of a current source. The track circuit is most sensitive when the resistance of the source is equal to the resistance of the track relay winding.

Chapter 6

ADVANCED SYSTEM
This system can be used where the traffic density is high and for automatic railway gate control as in main line and sub-urban section. Signal poles are placed with some distance between two stations. Distance between each signal pole will be 2Km apart so that trains can occupy more track. An IR sensor will be placed after every signal pole. When the track is empty the IR receiver will receives the signal from the IR transmitter so that the out put will be always high. 
Microcontroller doesn’t change signal status (remains GREEN). When the train passes between IR transmitter and IR receiver the signal will be lost between IR transmitter and receiver. IR receiver will send the output (LOW signal) to the controller. Now, the controller will detects the change in the receiver output and changes the status of the signal to danger (RED) and maintains this until the train crosses the next signal pole.

6.1 THREE ASPECT SIGNALLING
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This diagram shows a line with 3-aspect signals.  The block occupied by Train 1 is protected by the red signal at the entrance to the block. The block behind is clear of trains but a yellow signal provides advanced warning of the red aspect ahead.  This block provides the safe braking distance for Train 2.  The next block in rear is also clear of trains and shows a green signal.  The driver of Train 2 sees the green signal and knows he has at least two clear blocks ahead of him and can maintain the maximum allowed speed over this line until he sees the yellow.
6.2 FOUR ASPECT SIGNALLING
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The multi-aspect signaling commonly used in India today is a 4-aspect system. It works similarly to the 3-aspect system except that two warnings are provided before a red signal, a double yellow and a single yellow. This has two purposes.  First, it provides early warnings of a red signal for higher speed trains or it can allow better track occupancy by shortening the length of the blocks.

6.3 TRAIN MANAGEMENT SYSTEM (TMS)
Earlier system of manual exchange of train movement information from / to stations and to / from control office did not provide much assistance to the Controller to take timely and optimum decision for train controlling in case of any unusual event that puts operations out of gear.

Similarly, timely information to the ASMs was also not available for ensuring correct displays and announcements.  To match high volume traffic of suburban section, there was need to provide ‘on line’ information of train movements to the various Agencies e.g. Controller, ASMs etc., who then can take timely and effective steps in case of disruption of the operation.

The Train Management System (TMS) is an information storage and display system and its primary function is to give visual information to the controllers regarding the time/destination and distinctive number of trains at various locations in the area under his control. The train number is displayed on the Wall Type indication Panel/Video Monitors in the control room. These displays are provided for each running line for entire section from CCG to VR.
TMS system primarily provides for —

1. ‘On line’ display of movements of all trains with Train Numbers/Rake Nos. on video monitors as well as over view indication panel, located in control room.

2. Interfacing with the train indicator boards at various stations for minute to minute train arrival information to computers.

3. Provision of video display units for train running information to commuters with count down in minutes

6.4 Section Controller and his Duties

As mentioned earlier the Section Controller has an extremely important task which is to monitor and keep track of each and every train stopped or moving in his section. In addition he also has to Regulate the movement of the trains in such a manner  that  slow  moving  trains  so  not  come  in  the  way  of  fast  moving  and important trains. On the IR a single track usually handles all kinds of traffic such as goods, passenger, parcel, suburban, High-Speed and Rajdhani.  There are wide differences in the actual and average speeds of these different trains. It is also important to ensure that all these train reach there destinations punctually. All these tasks are managed by the Section Controller while that train is in his section.
A much scaled down description of just one of his duties which is tracking the movement of various trains in his section is as follows:
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Fig 6.4 - Screen Shot of Signaling Layout Display in Control Room


  
In this screen shot of part of an interlocking (Fig 6.4), unoccupied tracks are in grey, tracks occupied by trains are in red.  Each track circuit is given a unique number, as are signals and points.  Points are numbered in pairs (in yellow) where there is a crossover and they must operate together.  Point numbers are provided with letters A or B to denote the ends of the crossover.  Train 7752 (its ID, or "description", being displayed in a black box) is standing in the platform of Oak station on track circuit 107 awaiting permission to proceed. Signal C23 is showing a red aspect because no route has been selected and locked.  The black square next to the red of C23is the indication for shunt signal C25 covering the route into the siding.  Overlaps are indicated in modern installations by a mark at the end of the track circuit concerned.
6.4.1 Route Set-up

  
In Fig 6.4.1, train 7752 is scheduled to depart on the Down line.  The signalman has set up the route and his action is confirmed by the white track circuits along the route showing it is selected, available and locked.  The icon of signal C23 is showing a green aspect to indicate that that the signal has cleared.
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Fig 6.4.1 - Route Selection
Signals C23/C25 are approach locked. This means that routes over which they "read" cannot be set up unless track circuit 107 has been occupied for, in this example, at least 30 seconds.  This ensures that a train occupying this track circuit has come to a stop and will not run onto the points while they are being changed.

Although the route is cleared, the train description will not normally be shown in the black box over the block ahead until the train occupies the block.  Signal A201 is automatic and will always show a green aspect if the line ahead is clear for normal speed.

6.4.2 Train Movement Sequences


In Fig 6.4.2.1, train 7752 has started and is now occupying track circuit 105 as well as 107. Signal C23 has returned to danger.  Remember that the diagram seen by the signalman is not to scale so that track circuit 105 is a lot shorter than 107.  This will distort the view of the passage of the train.  An experienced signalman gets used to it.
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Fig 6.4.2.1 - Route occupation display
 
Note that the track circuit for crossover 76 has been split into two parts, even though the points at the two ends must be set and locked together for the crossover move.  The splitting of the track circuit allows trains on the up and down lines to pass freely.
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Fig 6.4.2.2 - Tracking the movement of the train

 
In Fig 6.4.2.2 above, train 7752 is now occupying track circuits 103, 105 and 107.  The distortion of the apparent train length is even more evident now.  Remember that, as soon as the first pair of wheels of the train enters the section, the track circuit detects them and switches to "occupied", hence the whole of 103 shows red.
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Fig 6.4.2.3. - The train has released the points
 
Train 7752 (Fig 6.4.2.3 above) has now moved on some distance and the signalman’s view of things has changed to match.  The train is clear of the platform and points and is occupying track circuits 103 and 701.  The points are released to allow another route to be used.

 
Now that Train 7752 has cleared the platform its description has been cleared from the train description box and a new number, 6460, has appeared.
This is the number of the next train to arrive at Oak. The signalman will know from the timetable that this train is scheduled to go into the siding and he must arrange the necessary route changes.

6.4.3 More Trains Arrive
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Fig 6.4.3.1 - Two trains are displayed
 
Fig 6.4.3.1 shows that train 6460 has now arrived at Oak and is supposed to terminate there.  Passengers must be detrained and the train checked to ensure no one gets taken into the siding.  While this is going on, an Up train, 6458, has also appeared on the "diagram".  According to the timetable, this train should arrive at Oak before 6460 but it is running late.  The signalman now has to make a choice.

 
He can set up the route for 6460 to get him into the siding and clear the down line.  He wants to do this because there is another train due behind 6460 and he doesn’t want to delay it.  On the other hand, he doesn’t want to cause 6458 to be delayed further while 6460 crosses in front of it to reach the siding. So, if he lets 6460 into the siding first, will it be quick enough to allow 6458 a clear run in?  He will chance it because he knows from experience that the driver will want to get the train stabled quickly because it is the end of his duty.
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Fig 6.4.3.2 - A second route is selected


The signalman has decided to move Train 6460 into the siding across the path of 6458 and he has set up the route as shown in Fig 6.4.3.2.  The white track circuit displays show that the route is set up and locked.  The white diagonal on the icon of shunt signal C25 shows that the signal is showing proceed to the driver of Train 6460.
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Fig 6.4.3.3 - Train 6460 moves towards the siding

You will see how track circuits at points reflect the layout of the points and indicate that the points are "track locked" as the train passes over them. Although 76 crossovers actually have two separate track circuits, the points at each end of the crossover operate as a pair.  As mentioned above, the separate track circuits are to allow trains to pass on the Up and down lines without interference.
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Fig 6.4.3.4 - The third route is set up

In Fig 6.4.3.4, train 6460 is now clear of 105 and 108 track circuits and the signalman has set up another route, the Down line route for the next train 7786, as indicated by the white track circuits.  Signal C23 shows a proceed aspect.  Train 7786, has already approached the area, occupying Track Circuit 109 and has been signaled all the way through the area. You will see that, although the Down line route is clear for Train 7786, track circuit 701 still show grey.  This is because it is not part of the controlled area.  It will only show grey when unoccupied and red when occupied. Train 6460 is almost clear of the Up line.
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Fig 6.4.3.5 - Two routes freed for Up and Down trains to proceed
Train 6458 now has permission to proceed into the platform and will soon start. Train 7786 is just entering the Down platform. The above series of screen shots are representations of the sort of indications and train movements typically seen in modern control rooms.  Not all installations are designed the same way but the basic principles are the same.
Chapter 7

HARD WARE IMPLEMENTATION

7.1 8051 MICRO CONTROLLER

Despite it’s relatively old age, the 8051 is one of the most popular microcontrollers in use today. Many derivative microcontrollers have since been developed that are based on--and compatible with--the 8051. Thus, the ability to program an 8051 is an important skill for anyone who plans to develop products that will take advantage of microcontrollers.

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K bytes of Flash programmable and erasable read only memory (PEROM). The device is manufactured using Atmel’s high-density nonvolatile memory technology and is compatible with the industry-standard MCS-51 instruction set and pin out. The on-chip Flash allows the program memory to be reprogrammed in-system or by a conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides a highly-flexible and cost-effective solution to many embedded control applications.

The 8051 has three very general types of memory. To effectively program the 8051 it is necessary to have a basic understanding of these memory types.
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On-Chip Memory refers to any memory (Code, RAM, or other) that physically exists on the microcontroller itself. On-chip memory can be of several types, but we'll get into that shortly.

External Code Memory is code (or program) memory that resides off-chip. This is often in the form of an external EPROM.

External RAM is RAM memory that resides off-chip. This is often in the form of standard static RAM or flash RAM.

7.1.1 Features
1) 4K Bytes of In-System Reprogrammable Flash Memory – Endurance: 1,000 Write/Erase Cycles 

2) Fully Static Operation: 0 Hz to 24 MHz 

3) Three-level Program Memory Lock 

4) 128 x 8-bit Internal RAM 

5) 32 Programmable I/O Lines 

6) Two 16-bit Timer/Counters 

7) Six Interrupt Sources 

8) Programmable Serial Channel 

9) Low-power Idle and Power-down Modes

7.1.2 PIN DIAGRAM
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7.1.3 PIN DESCRIPTION
VCC
Supply voltage.
GND
Ground.
Port 0
Port 0 is an 8-bit open-drain bi-directional I/O port. As an output port, each pin can sink eight TTL inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance inputs. Port 0 may also be configured to be the multiplexed low-order address/data bus during accesses to external pro-gram and data memory. In this mode P0 has internal pull-ups. Port 0 also receives the code bytes during Flash programming, and outputs the code bytes during program verification. External pull-ups are required during program verification.
Port 1
Port 1 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 1 output buffers can sink/source four TTL inputs. When 1s are written to Port 1 pins they are pulled high by the internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being pulled low will source current (IIL) because of the internal pull-ups. Port 1 also receives the low-order address bytes during Flash programming and verification.
Port 2
Port 2 is an 8-bit bi-directional I/O port with internal pull-ups. The Port 2 output buffers can sink/source four TTL inputs. When 1s are written to Port 2 pins they are pulled high by the internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are externally being pulled low will source current (IIL) because of the internal pull-ups.
Port 2 emits the high-order address byte during fetches from external program memory and during accesses to external data memory that uses 16-bit addresses (MOVX @ DPTR). In this application, it uses strong internal pull-ups when emitting 1s. During accesses to external data memory that uses 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2 Special Function Register. Port 2 also receives the high-order address bits and some control signals during Flash programming and verification.
Port 3
Port 3 is an 8-bit bi-directional I/O port with internal pullups. The Port 3 output buffers can sink/source four TTL inputs. When 1s are written to Port 3 pins they are pulled high by the internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being pulled low will source current (IIL) because of the pull-ups. 

Port 3 also receives some control signals for Flash programming and verification 

Port 3 also serves the functions of various special features of the AT89C51 as listed below:
	Port Pin
	Alternate Functions

	P3.0
	RXD (serial input port)

	P3.1
	TXD (serial output port)

	P3.2
	INT0 (external interrupt 0)

	P3.3
	INT1 (external interrupt 1)

	P3.4
	T0 (timer 0 external input)

	P3.5
	T1 (timer 1 external input)

	P3.6
	WR (external data memory write strobe)

	P3.7
	RD (external data memory read strobe)


RST
Reset input. A high on this pin for two machine cycles while the oscillator is running resets the device.
ALE/PROG
Address Latch Enable output pulse for latching the low byte of the address during accesses to external memory. This pin is also the program pulse input (PROG) during Flash programming. In normal operation ALE is emitted at a constant rate of 1/6 the oscillator frequency, and may be used for external timing or clocking purposes. Note, however, that one ALE pulse is skipped during each access to external Data Memory.
If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set, ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is weakly pulled high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution mode.
PSEN
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Program Store Enable is the read strobe to external pro-gram memory. When the AT89C51 is executing code from external pro-gram memory, PSEN is activated twice each machine cycle, except that two PSEN activations are skipped during each access to external data memory.
EA/VPP
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EA must be strapped to GND in order to enable the device to fetch code from external pro-gram memory locations starting at 0000H up to FFFFH. Note, however, that if lock bit 1 is programmed, EA will be internally latched on reset.EA should be strapped to VCC for internal program executions. This pin also receives the 12-volt programming enable voltage (VPP) during Flash programming, for parts that require 12-volt VPP.
XTAL1
Input to the inverting oscillator amplifier and input to the internal clock operating circuit.
XTAL2
Output from the inverting oscillator amplifier.
7.1.5 Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier which can be configured for use as an on-chip oscillator, as shown in Figure 1. Either a quartz crystal or ceramic resonator may be used. To drive the device from an external clock source, XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 2. There are no requirements on the duty cycle of the external clock signal, since the input to the internal clocking circuitry is through a divide-by-two flip-flop, but minimum and maxi-mum voltage high and low time specifications must be observed.
7.1.6 BASIC CIRCUIT -THAT MAKES 8051 WORKS
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Idle Mode
In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The mode is invoked by software. The content of the on-chip RAM and all the special functions registers remain unchanged during this mode. The idle mode can be terminated by any enabled interrupt or by a hardware reset.
It should be noted that when idle is terminated by a hard ware reset, the device normally resumes program execution, from where it left off, up to two machine cycles before the internal reset algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but access to the port pins is not inhibited. To eliminate the possibility of an unexpected write to a port pin when Idle is terminated by reset, the instruction following the one that invokes Idle should not be one that writes to a port pin or to external memory.

[image: image30.png]GUNTUR PANEL NALLAPADU PANEL

Lp Line From  guntur
)

1y





     C2                      XTAL2
                                                       C1                      XTAL1
                                                                                  GND

	Note:
	C1, C2
	= 30 pF  10 pF for Crystals

	
	
	= 40 pF  10 pF for Ceramic Resonators


7.2 MAX 232

The MAX232 is a dual driver/receiver that includes a capacitive voltage generator to supply TIA/EIA-232-F voltage levels from a single 5-V supply. Each receiver converts TIA/EIA-232-F inputs to 5-V TTL/CMOS levels. These receivers have a typical threshold of 1.3 V, a typical hysteresis of 0.5 V, and can accept 30-V inputs. Each driver converts TTL/CMOS input levels into TIA/EIA-232-F levels. The driver, receiver, and voltage-generator functions are available as cells in the Texas Instruments LinASIC library.

7.2.1 FUNCTIONAL TABLES

	                  EACH DRIVER                          EACH  RECEIVER     

	
	
	

	
	INPUT
	OUTPUT
	
	INPUT
	OUTPUT
	

	
	TIN
	TOUT
	
	RIN
	ROUT
	

	
	
	
	
	
	
	

	
	L
	H
	
	L
	H
	

	
	H
	L
	
	H
	L
	

	
	
	
	

	                       H = high level, L =  low


7.2.2 FEATURES
1) Meets or Exceeds TIA/EIA-232-F and ITU Recommendation V.28 

2) Operates From a Single 5-V Power Supply With 1.0-mF Charge-Pump Capacitors 

3) Operates Up To 120 kbit/s 

4) Two Drivers and Two Receivers 

5) 30-V Input Levels 

6) Low Supply Current . . . 8 mA Typical 

7) ESD Protection Exceeds JESD 22 

8) 2000-V Human-Body Model (A114-A) 

9) Upgrade With Improved ESD (15-kV HBM) and 0.1-mF Charge-Pump Capacitors is available With the MAX202 
7.3 Serial Communication
RS-232 WAVEFORM 
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TTL/CMOS Serial Logic Waveform


The diagram above shows the expected waveform from the UART when using the common 8N1 format. 8N1 signifies 8 Data bits, No Parity and 1 Stop Bit. The RS-232 line, when idle is in the Mark State (Logic 1). A transmission starts with a start bit which is (Logic 0). Then each bit is sent down the line, one at a time. The LSB (Least Significant Bit) is sent first. A Stop Bit (Logic 1) is then appended to the signal to make up the transmission. 


The data sent using this method, is said to be framed. That is the data is framed between a Start and Stop Bit . 

 
7.3.1 RS-232 Voltage levels
1) +3 to +25 volts to signify a "Space" (Logic 0)                  

2) -3 to -25 volts for a "Mark" (logic 1). 

3) Any voltage in between these regions (i.e. between +3 and -3 Volts) is undefined. 


The data byte is always transmitted least-significant-bit first. 
The bits are transmitted at specific time intervals determined by the baud rate of the serial signal. 
 
This is the signal present on the RS-232 Port of your computer, shown below. 
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RS-232 Logic Waveform

7.3.2 RS-232 LEVEL CONVERTER 

Standard serial interfacing of microcontroller (TTL)  with  PC or any  RS232C Standard device , requires TTL to RS232 Level converter . A MAX232 is used for this purpose. It provides 2-channel RS232C port and requires external 10uF capacitors. 
The driver requires a single supply of +5V.

7.3.3 MICROCONTROLLER INTERFACING WITH RS-232 STANDARD DEVICES 

1) MAX232 (+5V -> +-12V converter) 

2) Serial port male 9 pin connector (SER) 
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7.4 NE 555 IC 


In astable mode, the '555 timer ' puts out a continuous stream of rectangular pulses having a specified frequency. Resistor R1 is connected between VCC and the discharge pin (pin 7) and another resistor (R2) is connected between the discharge pin (pin 7), and the trigger (pin 2) and threshold (pin 6) pins that share a common node. Hence the capacitor is charged through R1 and R2, and discharged only through R2, since pin 7 has low impedance to ground during output low intervals of the cycle, therefore discharging the capacitor.
7.4.1 Features:

1) Turn-off time less than 2ms

2) Max. operating frequency greater than 500kHz

3) Timing from microseconds to hours

4) Operates in both astable and monostable modes

5) High output current

6) Adjustable duty cycle

7) TTL compatible

8) Temperature stability of 0.005% per °C

9) Temperature range  0 to +70°C

In the astable mode, the frequency of the pulse stream depends on the values of R1, R2 and C:
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The high time from each pulse is given by
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and the low time from each pulse is given by
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where R1 and R2 are the values of the resistors in ohms and C is the value of the capacitor in farads.
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7.5 LM 324


The LM124 series consists of four independent, high gain, internally frequency compensated operational amplifiers which were designed specifically to operate from a single power supply over a wide range of voltages. Operation from split power supplies is also possible and the low power supply current drain is independent of the magnitude of the power supply voltage.
Application areas include transducer amplifiers, DC gain blocks and all the conventional op amp circuits which now can be more easily implemented in single power supply systems. For example, the LM124 series can be directly operated off of the standard +5V power supply voltage which is used in digital systems and will easily provide the required interface electronics without requiring the additional ±15V power supplies.
7.5.1 CONNECTION DIAGRAM


7.5.2 Features
1) Internally frequency compensated for unity gain
2) Large DC voltage gain    100 dB
3) Wide bandwidth (unity gain) 1 MHz (temperature compensated)
4) Wide power supply range:
5) Single supply    3V to 32V
6) Dual supplies    ±1.5V to ±16V
7) Very low supply current drain (700 µA) essentially independent of supply voltage
8) Input common-mode voltage range includes ground 

9) Differential input voltage range equal to the power supply voltage 

10) Large output voltage swing    0V to V+  − 1.5V
7.5.3 Characteristics
1) In the linear mode the input common-mode voltage range includes ground and the output voltage can also swing to ground, even though operated from only a single power supply voltage 

2) The unity gain cross frequency is temperature compensated 

3) The input bias current is also temperature compensated

7.6 TSOP


TSOP1738 is an Infrared (IR) receiver which is widely used in large number of electronic products for receiving and demodulating infrared signals. The received demodulated signals can be easily decoded by a microcontroller. It supports RC5, RC6 code, Sony format (SIRCS), NEC code, Sharp code, etc.

In the main circuit there are various components like TSOP 1738 IC, Resistor, capacitor, diode, transistor, and Voltage Regulator has been used. So, this chapter describes elaborately about the TSOP 1738 IC and Voltage Regulator. This chapter will also discuss shortly about the Resistor, capacitor, diode and transistor.

7.6.1 TSOP 1738 IC

The TSOP1738 are miniaturized receivers for infrared remote control systems. PIN diode and preamplifier are assembled on lead frame, the epoxy package is designed as IR filter. The demodulated output signal can directly be decoded by a microprocessor. TSOP1738 is the standard IR remote control receiver series, supporting all major transmission codes. 
                                    [image: image25.emf]
                                            Figure 7.1: TSOP 1738 IC

7.6.2 Internal Block Diagram


[image: image26]
                             Figure 7.2: Internal block diagram of TSOP 1738 IC

7.6.3 Suitable Data Format

The circuit of the TSOP1738 is designed in that way that unexpected output pulses due to noise or disturbance signals are avoided. A band pass filter, an integrator stage and an automatic gain control are used to suppress such disturbances. The distinguishing mark between data signal and disturbance signal are carrier frequency, burst length and duty cycle. The data signal should fulfill the following condition,

a) Carrier frequency should be close to center frequency of the band pass (e.g. 38kHz).

b) Burst length should be 10 cycles/burst or longer.

c) After each burst which is between 10 cycles and 70 cycles a gap time of at least 14 cycles is necessary.

d) For each burst which is longer than 1.8ms a corresponding gap time is necessary at some time in the data stream. This gap time should have at least same length as the burst.

e) Up to 1400 short bursts per second can be received continuously.

f) When a disturbance signal is applied to the TSOP1738 it can still receive the data

signal. 

7.6.4 FEATURES

1) Continuous data transmission possible (up to 2400 bps) 

2) High immunity against ambient light

3) Photo detector and preamplifier in one package

4) Improved shielding against electrical field disturbance

5) TTL and CMOS compatibility

6) Active low output

7) Low power consumption

8) Internal filter for PCM freq

CHAPTER 8

SOFTWARE REQUIREMENTS

8.1 Software Tools

· MPLAB

· Protel

· Propic
· HI-Tech PIC C Compiler
8.1.1 MPLAB INTEGRATION

MPLAB Integrated Development Environment (IDE) is a free, integrated toolset for the development of embedded applications employing Microchip's PIC micro and dsPIC microcontrollers. MPLAB IDE runs as a 32-bit application on MS Windows, is easy to use and includes a host of free software components for fast application development and super-charged debugging. MPLAB IDE also serves as a single, unified graphical user interface for additional Microchip and third party software and hardware development tools. Moving between tools is a snap, and upgrading from the free simulator to MPLAB ICD 2 or the MPLAB ICE emulator is done in a flash because MPLAB IDE has the same user interface for all tools.

Choose MPLAB C18, the highly optimized compiler for the PIC18 series microcontrollers, or try the newest Microchip's language tools compiler, MPLAB C30, targeted at the high performance PIC24 and dsPIC digital signal controllers. Or, use one of the many products from third party language tools vendors. They integrate into MPLAB IDE to function transparently from the MPLAB project manager, editor and compiler.

8.1.2 INTRODUCTION TO EMBEDDED ‘C’:

Ex: Hitec – c, Keil – c

HI-TECH Software makes industrial-strength software development tools and C compilers that help software developers write compact, efficient embedded processor code.

For over two decades HI-TECH Software has delivered the industry's most reliable embedded software development tools and compilers for writing efficient and compact code to run on the most popular embedded processors. Used by tens of thousands of customers including General Motors, Whirlpool, Qualcomm, John Deere and many others, HI-TECH's reliable development tools and C compilers, combined with world-class support have helped serious embedded software programmers to create hundreds of breakthrough new solutions.

Whichever embedded processor family you are targeting with your software, whether it is the ARM, PICC or 8051 series, HI-TECH tools and C compilers can help you write better code and bring it to market faster.

HI-TECH PICC is a high-performance C compiler for the Microchip PIC micro 10/12/14/16/17 series of microcontrollers. HI-TECH PICC is an industrial-strength ANSI C compiler - not a subset implementation like some other PIC compilers. The PICC compiler implements full ISO/ANSI C, with the exception of recursion. All data types are supported including 24 and 32 bit IEEE standard floating point. HI-TECH PICC makes full use of specific PIC features and using an intelligent optimizer, can generate high-quality code easily rivaling hand-written assembler. Automatic handling of page and bank selection frees the programmer from the trivial details of assembler code.

8.1.3 Embedded “C” Compiler

1) ANSI C - full featured and portable

2) Reliable - mature, field-proven technology

3) Multiple C optimization levels

4) An optimizing assembler

5) Full linker, with overlaying of local variables to minimize RAM usage

6) Comprehensive C library with all source code provided

7) Includes support for 24-bit and 32-bit IEEE floating point and 32-bit long data types

8) Mixed C and assembler programming

9) Unlimited number of source files

10) Listings showing generated assembler

11) Compatible - integrates into the MPLAB  IDE, MPLAB ICD and most 3rd-party development tools

12) Runs on multiple platforms: Windows, Linux, UNIX, Mac OS X, Solaris

8.1.4 Embedded Development Environment



This environment allows you to manage all of your PIC projects. You can compile, assemble and link your embedded application with a single step. Optionally, the compiler may be run directly from the command line, allowing you to compile, assemble and link using one command. This enables the compiler to be integrated into third party development environments, such as Microchip's MPLAB IDE.

8.1.5 Embedded system tools

1. ASSEMBLER



An assembler is a computer program for translating assembly language — essentially, a mnemonic representation of machine language — into object code. A cross assembler (see cross compiler) produces code for one type of processor, but runs on another. The computational step where an assembler is run is known as assembly time. Translating assembly instruction mnemonics into opcodes, assemblers provide the ability to use symbolic names for memory locations (saving tedious calculations and manually updating addresses when a program is slightly modified), and macro facilities for performing textual substitution — typically used to encode common short sequences of instructions to run inline instead of in a subroutine. Assemblers are far simpler to write than compilers for high-level languages.

2. SIMULATOR

Simulator is a machine that simulates an environment for the purpose of training or research. We use a UMPS simulator for this purpose in our project.
3. Compiler

A compiler is a program that reads a program in one language, the source language and translates into an equivalent program in another language, the target language. The translation process should also report the presence of errors in the source program.

	Source Program
	→
	Compiler
	→
	Target Program

	
	
	↓
	
	

	
	
	Error Messages
	
	


There are two parts of compilation. The analysis part breaks up the source program into constant piece and creates an intermediate representation of the source program. The synthesis part constructs the desired target program from the intermediate representation.

8.1.6 cousins of the compiler are

1. Preprocessor.

2. Assembler.

3. Loader and Link-editor.

A naive approach to that front end might run the phases serially.

1. Lexical analyzer takes the source program as an input and produces a long string of tokens.

2. Syntax Analyzer takes an out of lexical analyzer and produces a large tree.

Semantic analyzer takes the output of syntax analyzer and produces another tree. Similarly, intermediate code generator takes a tree as an input produced by semantic analyzer and produces intermediate code.

8.1.7 FABRICATION DETAILS

The fabrication of one demonstration unit is carried out in the following sequence.

· Finalizing the total circuit diagram, listing out the components and sources of procurement.

· Procuring the components, testing the components and screening the components.

· Making layout, repairing the interconnection diagram as per the circuit diagram.
· Assembling the components as per the component layout and circuit diagram and soldering components.

· Integrating the total unit, inter wiring the unit and final testing the unit.

8.1.8 EMBEDDED SYSTEM

Embedded System is combination of hardware and software that forms the component of larger system. Hardware is normally unique to given application. Computer chips are embedded into control electronics to manage the product’s functionality. The embedded system can be categories into four categories viz.; stand alone system, real-time system, network appliance system and mobile devices.

The new development tools available today make the task easy. Also the production cost is decreasing with increase in complexity. All these developments are leading to an era of invisible computing, or hidden computing where in computer does a job without a ubiquitous and physical presence. Thus embedded devices are becoming smaller, smarter and more integrated. So needless to say, embedded software development is a very lucrative business these days.


HARDWARE ARCHITECTURE
The figure shows the common architecture of embedded  

Figure: Hardware Architecture of Typical Embedded System
The components are explained bellow: 
Processor:

The processor used in the embedded system can of three types:

· Micro-controller

· Microprocessor

· Digital signal processor

Each of these processors is specified by clock speed and data word-length. The higher the clock speed and bigger the word-length the better the processor.  

The choice of the processor depends upon the application in use.

Memory:
The memory used in an embedded processor can be either internal or external. The internal memory is very limited. For the small application if this memory is sufficient then no need to use external memory. Internal memory is faster than the external, also the cost of memory increases with capacity and speed. Reprogrammable memories are now available.

Latches and buffers:

Processor-based system need to drive external devices such as LED displays, relays, etc. the processor does not interact directly with these devices. Flip-flop logic chips are used to drive external devices. These chips hold the processor output data to be sent to the external devices.
Application-specific control circuitry:

This is used for the control of the sensors and the relays etc. used to interface embedded system to other system under test.

Display units:

Some embedded system-for instance, those in an unnamed spacecraft or the process control system we do not need displays. But in system where the user interaction is important, LCD or other displays are used.

Keypads:

Every embedded systems offer different capabilities for providing user input. For example, for PDA’s key pads are used for entering data and sensors in industries (machine). 

Communication devices:

In order for the embedded system to interact with the external devices, they need communication interface. Mostly it is serial. But in case of mobile embedded system it may be serial or parallel.
8.1.9 DESIGN OF EMBEDDED SYSTEM



Like every other system development design cycle embedded system too have a design cycle. The flow of the system will be like as given below. For any design cycle these will be the implementation steps. From the initial state of the project to the final fabrication the design considerations will be taken like the software consideration and the hardware components, sensor, input and output. The electronics usually uses either a microprocessor or a microcontroller. Some large or old systems use general-purpose mainframe computers or minicomputers.

8.1.9 USER INTERFACES


User interfaces for embedded systems vary widely, and thus deserve some special comment. User interface is the ultimate aim for an embedded module as to the user to check the output with complete convenience. One standard interface, widely used in embedded systems, uses two buttons (the absolute minimum) to control a menu system (just to be clear, one button should be "next menu entry" the other button should be "select this menu entry").



Another basic trick is to minimize and simplify the type of output. Designs sometimes use a status light for each interface plug, or failure condition, to tell what failed. A cheap variation is to have two light bars with a printed matrix of errors that they select- the user can glue on the labels for the language that he speaks. For example, most small computer printers use lights labeled with stick-on labels that can be printed in any language. In some markets, these are delivered with several sets of labels, so customers can pick the most comfortable language.


In many organizations, one person approves the user interface. Often this is a customer, the major distributor or someone directly responsible for selling the system.
CODING

#include<AT89X51.h>

sbit s1=P2^0;
//sensor1

sbit s2=P2^1;
//sensor2

sbit s3=P2^2;
//sensor3

sbit red1=P1^0;

//for sensor1

sbit yellow1=P1^1;
//for sensor1

sbit green1=P1^2;
//for sensor1

sbit red2=P1^3;

//for sensor2

sbit yellow2=P1^4;
//for sensor2

sbit green2=P1^5;
//for sensor2

sbit red3=P1^6;//for sensor3

sbit yellow3=P1^7;//for sensor3

sbit green3=P3^0;//for sensor3

void delay(unsigned char n)


{


unsigned char i,j;


for(i=0;i<n;i++)


for(j=0;j<100;j++);

}

void main()

{


  if(s1==1&&s2==0&&s3==0)


  {


  red1=0;yellow1=1;green1=1;


  red2=1;yellow2=1;green2=1;


  red3=1;yellow3=1;green3=1;


  //delay(100);


  }


  else if(s2==1&&s1==0&&s3==0)


  {


  red1=1;yellow1=0;green1=1;


  red2=0;yellow2=1;green2=1;


  red3=1;yellow3=1;green3=1;


  //delay(100);


  }


  else if(s3==1&&s1==0&&s2==0)


   {


   red1=1;yellow1=1;green1=0;



red2=1;yellow2=0;green2=1;



red3=0;yellow3=1;green3=1;



//delay(100);


}


else


{


 
red1=1;yellow1=1;green1=0;



red2=1;yellow2=1;green2=1;



red3=1;yellow3=1;green3=1;


}

}
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