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Abstract – 
The task of the train movement safety providing system is an exclusion of emergency situation because of driver mistakes or train control system fault. As an emergency situation first of all can be considered a continued movement at an inhibit signal of a traffic light and overrunning. The operation of this system should be safe even in the case if it is also fault. The system could considerably simplify the work of driver and allow to drive the train not on the basis of the current situation subjective evaluation by the driver but on the making a precise decision for particular conditions.
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I. Introduction
Analysis of the data can result in the conclusions that 70% of the accident cases take place when the technical means are in good working condition but the mistakes are made by the driving crew [1]. In other words the human factor is a governing in consideration of these situations.

The trains braking systems allow braking from the maximum speed for full stop or decreasing the speed up to necessary minimum, but the braking way can achieve some thousands meters. In addition the length of braking way can be influenced by different factors that can only worsen the situation.

The already mentioned human factor plays also not less role, when the limited possibilities of the drivers do not allow 
visually observe the situation on the way at the distance of some thousands meters as well as not proven losses of time, moving out of schedule and provoking emergency situations.

The movement out of the trains schedule has been accepted as one of most important reasons of the catastrophe that took place at Riga Central Station when the electric train arrived to the station and collided with passenger train going from depot.

To improve the safety of the transport communication the intelligent automation devices permanently controlling the trains speed and way are necessary for defining where and when the braking regime is demanded, its intensity and the train's location on the way, where the train should stop to avoid collision or other emergency situation [1].

II. Problem formulation
 The first part observes main phases of the electric transport movement, the existing basic principles of the electric transport braking, basis of the necessity of automatic braking and the structure of the automatic braking system. The chapter contains the statement of the task of electric transport automatic braking for a new wireless control system with the use of Positioning Information System [12]. 

Following objects may be defined in railway system:
 rail ways, points,  stations, block-sections CP, signalisation, centralisation and interlocking system SCB, dispatching centre,  traffic lights, rolling stocks,  locomotives, wagons .

System elements:
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Fig. 1. The scheme of the elements interoperation
· Satellite navigation receivers of traffic lights SG and locomotives SL (GPS, GALILEO, ...);

· Wireless signal transmitting antennas of traffic lights AG dispatching  centre AD and locomotives AL (GSM-R, ...);

· Device for signal generation of the traffic light IG;
· Device of braking system control of the locomotive KL.
This scheme Fig.1 presents the interoperation of the elements for the new automatic braking control system of electric transport - the given coordinates at a given time moment with a given speed of electric transport it is necessary to define the starting point of the braking for its safe stop at a particular distance at the point with given coordinates in front of traffic light with inhibit signal without participating of a driver [11]. 

The satellite system controls the location of electric transport on way and its speed as well as location and signals of the traffic lights and transfer the information to the station of dispatcher post . The train will be stopped in three cases: if there is a barrier on the way, if there is an inhibit traffic light signal, if the driver of the transport  mean loses the control of the transport.

Controlling the train it is necessary to consider main motion phases on the parts of the way.

This scheme fig.2 the way that electric transport overcomes between points A and B can be divided into four main phases [12].

1. The section of the way 
[image: image2.wmf]R
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 is an acceleration way of electric transport. The acceleration way depends on the power and mass of the train.

2. The way at the section 
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 is stationary, as electric transport during

3. The section of the way 
[image: image4.wmf]G
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 is an acceleration way of electric transport. The acceleration way depends on the power and mass of the train.


[image: image5]
Fig. 2. Electric transport phases of motion at the parts of the way

4. The section of the way 
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 is an acceleration way of electric transport. The acceleration way depends on the power and mass of the train.

5. The way at the section 
[image: image7.wmf]U
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 is stationary, as electric transport during this section of the way goes with a particular speed that depends on the power of electric transport, profile of the way and is defined with braking systems of electric transport to provide stop at point B or in front of inhibit signal of traffic lights.

6. The section of the way 
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 is a braking way of cargo trains.

7. The section of the way 
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 is a braking way for passenger trains.

The maximum speed of the motion is defined taking into account the maximum braking way. Thus with one and the same speed the braking system of cargo electric transport should be driven at point 
[image: image10.wmf]G

 earlier than the passenger electric transport at point 
[image: image11.wmf]P

. The length of the braking way depends on the speed of the train, its mass, profile of the way and effectiveness of braking system operation. Therefore, with more effective braking system the braking process can be started later and technical speed at the way sector can be higher 
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This scheme fig.3 defining of the braking starting point of electric transport at the way section [12].

[image: image63.wmf]
Fig. 3. Defining of the braking starting point of electric transport at the way section.

1. Point A - station of departure

2. Point B - location of traffic light with inhibit signal

3. Point D - point of electric transport stop in front of traffic light with inhibit signal. 

4. Point G - starting point of braking of electric transport, when the braking system is driven by train's driver. Curve GD characterises braking way of electric transport after the moment, when the braking system is driven by train's driver.

5. Point G* - starting point of braking of electric transport, when the braking system is driven by braking emergency system. Curve G*D characterises braking way of electric transport after the moment, when the braking system is driven by braking emergency system..

6. Dash line presents way of electric transport in the case when the control of the braking system is broken.

Defining of the multicriteria braking target function [12]:
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Where:
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- the total braking way;
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 - the total braking way of the train;
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  - speed of the train;
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  - average weakening value;

III. Algorithms  of electric transport embedded wireless equipment
The second part contains the principles of electric transport braking parameters calculation with the use of Positioning Information System [4]. The chapter suggests the mathematical models of braking taking into account the distribution of electric transport mass, analyses the influence of the transport mass on the braking process with the use of Positioning Information System [7]. The chapter considers an elaboration of new model of control of electric transport braking regime with the use of Positioning Information System. 

Algorithm for the train braking [12]:
Step 1. Initialization of braking way;

Step 2. Defining of the factor of the way gradient;

Step 3. Defining of the general braking factor;

Step 4. The procedure of defining of main resistance for the movement in idle running;

Step 5. Defining of the general braking factor;

The braking way consists of preparation and real segments: 
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Step 6. Go to Step 1.

The total braking time of the train [2]:
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The braking way consists of preparation and real segments [2]:
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Where:

The segment of preparation [2]:
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Real segment [2]: 

[image: image25.wmf]3,6

0

0

2

n

p

P

t

v

=

t

v

K

=

S

;                          (9)

[image: image26.wmf](

)

(

)

å

-

C

m

ox

K

N

D

i

+

b

+

w

ζ

v

v

=

S

2

2

3

 

K

;                          (10)
Thus the total braking way [2]:
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Algorithm of defining of the distance between train and object:
Step 1.Initialization of the distance between the objects;

Step 2.The transformation of distance value from degrees to meters;

Step 3.defining of the distance between the train and object taking into account the night of the object above the level of the Baltic Sea; 

Step 4. Go to Step 1.

Mass of the train: 

If the train is simultaneously on the different profiles of way, then the equation of its motion will be [3]:
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The procedures for defining of the train mass listing STL language programmable logic controller 

/ / 1. Procedure of defining of the train mass [12]:
1.1. LD SM0.0 // call in each cycle;

1.2. MOVR #F: LD28, AC0 // local variable of the braking force;  

1.3. –R #WO: LD32, AC0 // local variable, write in to accumulator;

1.4. MOVR AC0, #mass: LD8
1.5. /R AC3, #mass: LD8  

1.6. MOVR AR< #mass: LD8, 0.0 

1.7. 1E-013, #mass: LD8 

The procedures of GPS block operation listing STL for the embedded device:
/ / 1. Initialization of the GPS system parameters.

/ / Using S7--200 data memory blocks to define GPS system space parameters variables [12]:
1.1. #loc_LatDeg:LW16 // local variable of length LD, in degrees, Long Word;  

1.2. LatDir_RS:VB2006 // Local variable width LD, in min, byte type address;

1.4. #loc_LongDeg:LW22

1.5. #loc_LongMin:LD24 

1.6. LongDir_RS:VB2007 

1.7. #loc_AltUnit:LB29  

1.8. #loc_Speed:LD30 

/ / 2. Defining of the speed of the object:
2.1. If the sped of the object is
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, then: local variable of speed SP, double type address;
2.2. If the speed of the object is
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, then go to 3.
/ / 3. Obtaining of data from GPS receiver.

/ / Variables of the GPS system time parameters will be defined.

3.1. Year:VB2000 // year global variable the satellite globālais mainīgais YR, byte type address; 
3.2. Month:VB2001 // month global variable the satellite , byte type address;
3.3. Day:VB2002 
3.4. Hour:VB2003 

3.5. Minute:VB2004  
3.6. Second:VB2005 

/ / 4. Defining of number of satellites and quality of the signal.

/ / Variables of the GPS system satellites number and signal quality parameters will be defined:

4.1. SinView:VB2020 // global variable the satellite SAT, byte type address; 

4.2. HDoP:VD2030 // global variable of the dopler frequency DOP, double type address; 

4.3. GPS_FIX:VB2034 
4.4. PSRec_Warnig:V2021.0 
/ / 4. Converting of dispatcher station width and length from degrees to its tens and hundreds: 
5.1. #loc_LatDeg:LW16 // local variable of length LD, in degrees, Long Word; 

5.2. #loc_LatMin:LD18 //local variable of length LD, in degrees, Long Word; 

5.3. LatDir_RS:VB2006 
5.4. #loc_LongDeg:LW22 

5.5. #loc_LongMin:LD24 

5.6. LongDir_RS:VB2007 

5.7. AC0 

5.8. AC1 

5.9. V2035.1 

5.10.V2035.2
/ / 6. Converting of the object (train) speed into m/s:

6.1.# local variable of speed SP, m/s, byte type address;

/ / 7. Development of data buffer:

/ / If the data obtained from GPS receiver contain no error - go to subprogram:

7.1. LDN V2035.1 // Register of global variables;

7.2. AN V2035.2 // Register of global variables;

7.3. MOVR AC0, VD2280 

7.4. MOVR VD2280, #Lat:LD0

7.5. MOVR AC1, VD2284 

7.6. MOVR VD2284, #Long:LD4
7.7. MOVR AC3, VD2288 

7.8. MOVR VD2288, #Alt:LD8 

/ / If the data obtained from GPS receiver contain no error - go to 9. 

/ / 8. Development of data buffer:

/ / If the data obtained from GPS receiver contain errors - taking the data from the buffer:

8.1. LD V2035.1 // local variable, double Word type address; 

8.2. O V2935.2 // Register of global variables;

8.3. MOVR VD2280, #Lat:LD0 // platuma globālais mainīgais, double Word tipa adrese; 

8.4. MOVR VD2284, #Long:LD4 

8.5. MOVR VD2288, #Alt:LD8 

/ / 9. Go to 1.

Algorithm of train control system operation in braking regime [12]:
Preset:
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 - coordinates of the barrier; 
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the preset stop point of the train; 
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 - coordinates of the barrier; 

G*-  point of the beginning of the train braking; 

Step 1. Initialization - defining of the system objects.
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 - the preset stop point of the train; 
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 - coordinates of the barrier
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 - coordinates of the traffic light;

G*-  point of the beginning of the train braking;

Step 2. Defining of the system objects coordinates within the space: 
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 -  defining of the locomotive coordinates with IPS system, including real time and data moment; 
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 defining of speed with IPS system; 

t0  - initial moment at the given locomotive coordinates[image: image48.wmf]1
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G*- point of the beginning of the train braking;

Step 3. Defining of the system object parameters – 
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 defining of speed with IPS system;

defining of traffic light signals:

Az - prohibiting: 
Z - allowing; 

Existing of the functioning automatic signalling system of the locomotive.

Step 4. Evaluation of braking necessity [12]: 
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If - C signal of traffic light is 
Az - prohibiting: go to step 5; 

No - go to step 2;

Step 5. 
Evaluation of driver controlling impact onto the train braking system: 
Yes - go to step 2; 

No - realizing of braking automatic regime with the use of wireless communication system IPS;
Step 6.
Go to Step 2.

The procedure for the control of train braking regime listing STL language programmable logic controller [12]
/ / 1. Input of the parameters into controller.

1.1. LD SM0.1 // call in each cycle;

1.2. CALL Initial: SBR18 //c all of initialization subprogram;

/ / 2. Initialization of Ethernet block subprogram.

2.1. LD SM0.0 // call in each cycle;

2.2. CALL ETH1_CTRL:SBR14 // Ethernet connection subprogram;

2.3. M2.0 

2.4. VW2200  

2.5. VW2202 

/ / 3. Initialization of GPS receiver calling subprogram.

3.1. LD SM0.0 // call in each cycle;

3.2. Lat_RS:VD2008 // global variable;

3.3. Long_RS:VD2012 3.4.Alt_RS:VD2016  

3.4. Alt_RS:VD2016  

3.5. Speed_RS:VD2250  

/ / 4. Initialization of the distance between the objects subprogram in testing regime.

4.1. LD SM0.0 // call in each cycle;

4.2. Lat_RS:VD2008 // global variable of width, double Word type address;

4.3. Long_RS:VD2012 
4.4. Alt_RS:VD2016 

4.5. Lat_ML:VD2210 

4.6. Long_ML:VD2214 

4.7. Alt_ML:VD2218

4.8. Mass: VD2230   

4.9. Speed_ML:VD2254  

4.10. Speed_RS:VD2250  

4.11. Distance_:VD2238 

4.12. Brake Distance: VD2258
/ / 5. Initialization of control bits subprogram.

5.1. LD SM0.0// call in each cycle;

5.2. CALL Control_bits:SBR23 // Initialization of control bits subprogram.

/ / 6. Initialization of mass factor subprogram.

6.1. Definition_mode:V1990.1 // call in each cycle;

6.2. Alt_ML:VD2218 // object width global variable, ML, in degrees,   Double Word;
6.3. Speed_ML:VD2254; 
6.4. Mass: VD2230; 

/ /    Initialization of braking control subprogram.

7.1. SM0.0 // call in each cycle;

7.2. Distance_:VD2238 // global variable;

7.3. Brace D_VD2234; 
7.4. BRAKE: V1991.1;  
/ / 8. Initialization of Sinaut Micro SC with GPRS modems of data exchange subprogram.

8.1. LD SM0.0 // call in each cycle;

8.2. CALL GPRS_blocks:SBR1 // Initialization of data transmission subprogram;

/ / 9. Initialization of display TD 400 control subprogram.

9.1. LD SM0.0 // call in each cycle;

9.2. CALL TD400Ń:SBR17 // Initialization of display TD 400 control subprogram;

The procedure for the control of braking STL language programmable logic controller
/ / 1. Procedure of braking control:

1.1. LD SM0.0 // call in each cycle;

1.2. Test_mode:V1990.2 // testing regime, register of global variables;

1.3. BrakeDistance: VD2258 

1.4. +R 50.0, AC0 

1.5. AR<= #Dist: LD0, AC0   

1.6. S #Brake_ON:L8.0, 1   

1.7. LPP  

1.8. AR= Speed_ML:VD2254, 0.0 

1.9. R #Brake_ON:L8.0, 1  

1.10. R Test_mode:V1990.2,1   

1.11. S Normal_mode:V1990.0, 1 
IV. The practical experiment
The practical experiments were used in the Latvian Railway owned real locomotive M60.10 [13].

Developed and tested in the practical advanced electric brake automatic control system, which, unlike the ones, Enabling the location of electric and electric implement the suspension Before the traffic lights to signal the Prohibition of the Positioning System that are used.
Experiments are carried out, the results, which allow controlling electric speed, mass, location, and alignment with the positioning system is applied.
Equipment has been tested both in laboratory and real - rail line at Bolderaja-Lachupe [14]. Experiment in Fig.4, the railway was been confirmed that the developed RTU equipment is functioning as intended and does not interfere with driving. One unit was installed in the locomotive when connected to an internal power system. A second plant was installed in one of the relay station control cabinets, which assists in the traffic light-controlled station group. Communications among devices were used in GSM mobile communications. Locomotives coordinates and velocity were used to determine the content positioning system.
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Fig. 4. The practical experiments were used in the Latvian Railway
V.  Extended Summary
· The task for modeling of electrical equipment operation in the regime of locomotive braking is formulated, that in contrast to existing models allows comparison of different processes and algorithms for embedded intelligent systems with the application of neural networks. 

· The general algorithms of locomotive braking system control is developed and the structure of the algorithm is described, that in contrast with the existing systems allow sending of the control signal to the braking system of electric transport for its stop in front of traffic light with inhibit signal without control from the driver's side applying the embedded electronic programming devices with Positioning Information System. 

· A new method for defining of braking way parameters is developed and described; the method applies embedded electronic programming devices on the basis of Positioning Information System.

· A new method of defining of electric transport speed is developed and described, that in contrast with the existing allow stop of the electric transport at a particular point with the given coordinates in front of traffic lights with inhibit signal, applying embedded electronic programming devices on the basis of Positioning Information System.
· The obtained results confirm that the wireless built-in electrical equipment it is possible to suspend the electric engine braking down the trajectory of a certain place. It is experimentally proved method for electric brake automatic control system, which, unlike existing models, enabling the location of electric and electric realizes the suspension before the traffic lights by the Prohibition of the signal.
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