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Abstract. In this paper authors present heuristics algorithm for
precise schedule fulfilment in city traffic conditions taking in
account traffic lights. The algorithm is proposed for
programmable controller. PLC is proposed to be installed in
electric vehicle to control its motion speed and signals of traffic
lights. Algorithm is tested using real controller connected to
virtual devices and real functional models of real tram devices.
Results of experiments show high precision of public transport
schedule fulfilment using proposed algorithm.

standby time, eliminate often breaking and accétmra
finally save electricity.

The purpose of this research is to create algorifbom
electric transport moving control on the route adow
predefined schedule to put into practice the cdlistroObject
of research is public electric transport system.

Main tasks of research are the following:

e to define structure of public electric transport thwi
intelligent controllers;

to develop algorithm of schedule fulfilment of pigbl
electric transport for programmable controller;

e to create computer model of proposed embedded atontr
system;

e to create a functional model with real and virtdalices
with realization of control algorithm in PLC.

Electric transport control system consists of viehinoving
gontrol scheme, programmable controller and DCedmodel
as shown in Fig.1. Electric transport units recéBRS signal
about current location, controller according reedivsignal
and predefined schedule calculate and send through
transmitters signal for DC drive control and in samime
relevant signal to traffic lights.

Keywords: public electric transport, algorithm for intelligent
controller, traffic lights control °

I.  INTRODUCTION

Nowadays in cities number of vehicles is increasiag by
day. Traffic jams are the main reason for a lopmfblems for
public transport like delays, inefficient usage esfergy etc.
Fulfilment of the schedule in such conditions idoueseen.
And service level of public transport is going down

Therefore some solutions to fulfil the schedule ar
necessary. There are some different ways to réecbdal.

The first possible solution is to change to schedfl the
transport on-the-fly and show new schedule on thet®nic
tables of the passenger stops [1]

Another solution is to improve service level isibgrease
number of electric transport units. But this salatincreases
expenses of public transport companies in times [6]

In previous papers authors proposed two solutiaich sis PLe
optimal speed and schedule control [2] and “greamel [4], | Programblock | i Tram
which allows the tram to switch the traffic light green for i
the time that is necessary to cross the road. Thm fs
moving from one passenger stop to another withouyt a
additional braking on the traffic lights.

In this paper new improved algorithm of uninteregt
motion of public electric transport and schedulenptetion is
proposed and adopted to for industrial controllercteate
coordinated traffic lights working to public electtransport’s
good and to fulfil the schedule to provide betewie.
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Il.  PROBLEM FORMULATION
) . . . Fig. 1. Structure of control system of electrimgport and traffic lights.
To organize uninterrupted moving on the route isyve

important for standby time decreasing and consitler
schedule in public transport. Currently in the Raoifg traffic
lights and public transport units are working separfrom
each other. They have not shared control systenhawe not
coordinated along public transport routes.

Pulse width adjustment technique for DC drives is
proposed. PLC changes the pulse width dependinghen
received signals and pre-set data. As a resultdsdrives
rotational speed changes. Limit to the maximum tianal
speed of 20 m/ s is given for this task. Mechdnazd during

If transport units moving on the route and traffights will
work coordinated, this could decrease electric Spant

simulation is constant. Electrical scheme for D@&eal with
PLC control is presented in Fig.2.
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The following input data are necessary for the aler of

the tram:

e Coordinates of passenger stops

Coordinates of traffic lights

Tram arrival time for passenger stops

Tram waiting time on stops

Motion controller of the tram continuously receiveata
about the current transport spatial position andeci time.
The required speed for electric vehicle is caladatin
accordance to the distance to the next stop.

Optimal time point to switch a next traffic lighigaal to
green is calculated depending on the instant locatnd time.
It provides a continuous movement of vehicles witho
stopping.
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Fig. 2. Electrical scheme for DC drives control.
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A. Nomenclature

Following definitions are proposed for mathematiceidel
of algorithm:

MATHEMATICAL MODEL FOR ALGORITHM

1) A set of processors P — stops and traffic ligihisere P =
{P1, P2}, P=N while Stops:

P={p.p,..p}cP

Traffic lights:

P> ={p’,p,... 0.} P

2) A set of jobs T — vehicles, where T={=t1,t2 tm}
Each vehicle has the schedule:

VteT, o,:P'>{t  t,, .t R
Each passenger stop has the schedule:
Vpe P!,

o, T —>{tp1, p2,...,'[pm} cR
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B. Parametersfor DC drive

Each vehicle U DC drive E has following electricaid
mechanical parameters:

I, — field current;
le — armature current;
¢ — magnetic flux;
Cm = cf /2t — rotation torque constant;
n — rotation speed (apgr./s);
— rotation speed (rad/s);
U, — DC engine voltage
L. — armature inductance
R. — armature resistance
L. — field inductance
- — field resistance
L¢e — field-armature mutual inductance
g — duty ratio of pulse regulation
E, — used vagon energy
J —inertia
B, — viscous friction coefficient
T, —torque
Tie — Coulomb friction torque

In this investigation the centre of attentioncis— rotation
speed (rad/s);Following parameters of the eledmdmsport
vehicle are controlled and calculated:

V1 — vehicle speed

Sr - vehicle made by way

teurrent— current time

Srp — distance between vehicle and object
S,— stopping distance

tyr - required braking time

V,eq— required vehicle speed

tsiop— Vehicle motion time till next stop

ty — vehicle motion time till next traffic light

C. Formulasthat will be used in the calculation algorithm:
V1 tram speed (km / h):

w27 -R
V, =———— 1)
Rp
where
— R -tram wheel radius (m);
- R, - reduction gear ratio &= 7,36.
Tram braking distance (m):
v’ @)
Snr - 2.a
The distance between current position of the tranaxd the
position of the stop X(m):
S = Xp = X; ©)
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Braking time (s):

t,

r

Vi
a

Time to stop the motion at constant speed9):

LS

motion
VT

®)

Braking distance and the distance to the stop dingparison:

Sy <Sw
The remaining travel time to the next stpp, (s):

t, =t,—t

(6)

()

rem current

Required speed Yuirea(M/s):
V SFP

required = t
rem

(®)

Formulas for obtaining the required parametersiefttam

Engine speeds (min™):
w=(g-40)-70 9)

Simplified the calculation it is assumed that a®#@ulse
width of the engine speed is already equal to zmrbat 100%
of the voltage pulse width speed is 4200 min-1.

Tram speed Y (m/s):
V.

Tms :VTkm/h -k (11)

where k - the calculated ratio= 0,27777

IV. ALGORITHM FOR INTELLIGENT CONTROLLER FOR TASK
SOLUTION

The public electric transport system object logatcheme
that will be used in the calculation algorithm iegented in
Fig.3

direction

g —
Pll ! Pl2 P! sz Pnl
]
Xp' Xpf Xp X pu’ Xpa'

Fig. 3. The public electric transport system objecation scheme.

The steps of algorithm are described below:

Sepl.Number of stops, distance between stops and mgrivi

(4) times are defined:

Stops Xp ={1,2,...n}
Traffic lights XI ={1,2,...m}
Speed increasing Copst
Time increasing Const
Start point location:
Start time: &,
Tram arriving time cchedule in stops:
t, = {2,3,..n}
Step2.START ; Start simulation
Step3.GET S, ; Get tram current location, equal to distance
between starting point and tram current lication
Step4 . GET t,,; Get current time
Step5.Vur = Surfteur ; Calculate tram current velocity
Step6.Sem = XpnexrSeurr ; Calculate remaining distance up to
next stop
Step7 teq= Sen/Veur; Calculate requesting time to go
remaining distance up to next stop
Step8.IF teq + Tour < fnext; COmpare requesting time to go and
schedule provided arrived time in next stop
YES
Step9.V . +Consy; tr + Const; Increase current time and
speed
Go to Step3.
NO
Stepl0.Syrreq) = Veur *2/3.6 ; Calculate tram required braking
distance up to next speed with current speed
SteplllF Sygeq™ Xonexi— Sur ; COmpare tram required
braking distance with distance between tram and step
YES
Stepl2 V¢, - Consy; ty + Const; Decrease current speed
and increase current time
Go to Seps3.
NO
Step13.Seminext)= XlnexeSeurr ; Calculate remaining distance
up to next traffic light
Stepl4 teginexy= Semanextf Veurr ; Calculate requesting time to
go from current location up to next traffic light
StteSlF treq(mext) <=10
YES
Step16.Set Signal R+Y
NO
Go to Step3.
Stte?lF treq(lnext)<: 4
YES
Step18. Set Signal G
NO
Go to Step3.
Stepl9IF Sur > Sast
YES
Step20END
NO
Go to Step3.

Program block diagram is presented in Fig.4-5.
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Fram step 8.
1. BET {Fp. XL, tp}, Consty Const S, b ¢
l 3 Vo TConsty; tow + Consty
2 83TART
i L
10 3 = Vo 236
3. GET 8o shilred) = Mo
4. GET to,
I V1 IF g + by < Wt
5 Vour = Seunffoun
! 12 Vi - Consty; o + Consh
6. Syam = Lgmart: S
l ¥
7ty = Sl Vs 13 Srenchen) = Kt o
14 Battmenty = Ssemhenty Vs

8. IF treg * bowr < twt
Go to step 10
Fig. 4. Algorithm block diagram. 15. TF Legriesty == 10
V. COMPUTEREXPERIMENT IN DEVELOPING OF INTELLIGENT

CONTROLLER ALGORITHM 16. Set Signal R+7

A part of public electric transport route was choss an
example for computer experiment. It consists afr fetops
and three traffic lights. For algorithm programmingustrial
controller SIEMENS SIMATIC S7-200 was used.

Corresponding distance between stops and arrivirgjops
schedule is shown in tab.1.

17. IF realInest) <=4

‘

TABLE 1. 18. Set Signal G
STOPS LOCATION AND ARRIVING SCHEDULE

Stop O Stop 1 Stop 2 Stop 3

Distance (m 0 1000 1900 3200
(m) 19. TF Sape» S
Arr. time (s) 0 100 200 350

Corresponding distance between start and traffititdi is

shown in tab.2. Step20. EHD ’

TABLE 2.
TRAFFIC LIGHTS LOCATION

Traff.light 1 Traff.light 2 Traff.light 3 Fig. 5. Algorithm block diagram (continuation).

Distance (m) 600 1500 2700

Basic data was entered in SIEMENS SIMATIC S7-200
computer program Step7-Micro/Win. Part of programgni
code in Step7-Micro/Win environment is present i -
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Network 1

Get distance up to P1, time ta go up ta F1, requesting welocity to ga up ta P1
and calculate iequesting velocily

LD SMO. 0

MOVR #EP:LDOD, AttLiid=zP1:¥D11lé

AENO

-E Snobraukt VD38, AttLiidzPl1:VD1le
AENO

AR< Snobraukt VD38, FEP:1LDO

HOVER #Tpienak=shana:1D4. Thrliid=zP1:¥D150
AENO

-R VD72, Tbrliid=zP1:¥D150

AENO

HOVR AttLiid=zF1:VD11l6, Vinepiec:¥D144
AENO

AR Thbrliid=zF1:VD150, Vinepiec:WD144
AENO
= M1.0
Symbol Addiess Comment
AttLid=P1 YO116 Distance up to Stapl [rm)]
Shobraukt WD3s Tram way ta go [m]
ThiliidzF1 WD150 Time to go up to Stop (=]
Wtnepiec VD144 Tram requesting welocity [msz)
Network 2
[Braking distance
LD SHMO. 0
HOVE Vims: VD26, Brlailks:VD136
AENO
4R 1.8, Brlaiks:¥D136
AENO
4R 2.0, Brlaiks:WD136
AENO
HOVR Vims: VD26, Breeljsh:VD132
*R Brlaiks=s:¥D136, Broceljsh: VD132
Symbol Address Cornment
Brcelish VD132 Braking distance [m]
Eilaiks VD36 Braking time [z
Wis VD26 Welocity [m/z)
Network 3
|
LD SMO. 0
MOVE #¥XL:1D8. AttLiid=L1:¥D128
AENC
-k Snobraukt VD38, AttLiidzL1:¥D12&
AENO

MOVR AttLiidzL1:¥D128. ThrLiidzFP3:VD1GE
AENC

/R Vims:¥VD26, ThrLiid=zP3:VD15&
AENC
AR TbrLliid=zP3: VD158, 9.0
AR< ThrLiidzFP3:¥D156, 9.5
= M5 .4
Symbal Address Comment
AttLidzL1 VD128 Distance up to Traffic light1 [m)
Snobraukt VDa3s Trarn way ta go ]
ThiLiid=F3 VD153 Tirne to go up ta Stop3 [m]
Witz VD2E Welocity [mds]
Network &
| Decrease pulse width [braking)
LD SHMD. 0
AN M5 .3
AR AttLiidzP1:¥D11le, 0.0
LFS
ARy Broeljsh: VD132, AttLiidsP1:VD116
-I +1. Pulse:¥W200
AENO
= H1.3
LFF
AR= Vtkmh:¥D10, 0.0
S M5 3.1
Symbol Address Caornment
AttLiidzP1 YD116 Digtance up to Stapl [m]
Breelish WD132 Braking distance [m]
Pulze Wi 200 Pulze width
Wikmh VD10 Tram current velocity [krh)
Network 9
| Increase pulse width [accelerating]
LD Hi.0
AN H1.3
AR¢ Vims:VD26, Vinepiec:VD144
AR¢ Vims:¥D26, 20.0
A HOo. 2
+I +1. Pulse: VU200
Symbal Address Comment
Pulze Vw200 Pulse width
Wtms YD2E WYelocity [ms]
Winepiec VD144 Tram requesting velacity [m/s)

Fig. 6. Part of programming code in Step7-Micro/Wirvironment.

GREEN light duration

RED light duration
T

Distance

20

Fig. 7. Tram completed distance, speed on routietiaffic lights operating
modes.

This part of program show calculation of severabhpzeters:
Network 1.Required speed dependent of distance up to next
stop

Network 2.Required braking distance up to full stop
Network 3. Required braking distance up to full stop at the
current speed depending on the current location

Network 6. Braking simulation i.e. decrease pulse width
depending on the distance up to next stop, reqliraking
distance and tram current speed

Network 9.Acceleration simulation i.e. increase pulse width
depending on tram current and required speed

The tram motion and to approach to traffic light swa
simulated and result of computer experiment wagl rea
computer program Matlab Simulink environment. Tram
completed distance, speed on route and traffiddigperating
modes are shown in Fig.7.

VI. CONCLUSIONS

To analyzed in computer program Matlab Simulinkedix
diagrams the conclusions are:

— traffic light mode RED and GREEN are switched
corresponds the tram location on the route and task
conditions about distance from vehicle up to neaffic
light;

— the tram motion speed is control entire whole eowith
purpose consider predefined schedule;

— algorithm for intelligent controller can be used dolve
public electric transport flow organization tasks ;

— industrial controller can be used for intelligentbfic
electric transport schedule control.
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Using the “green wave” method is given the priviledor
electric transport comparing to others; cars, tsuck
pedestrians, etc. Advantages are:
the uninterrupted motion of electric transport snit
decrease amount of braking-accelerating cycle an t
route and therefore decrease total
consumption;

passenger traffic could be provided,;

interrupted motion of electric transport units gve
opportunity for optimal speed control and for caiesing
predefined schedule.

On the other hand privilege for one type of vehichdfic
could bring about inconvenient for other types effiicles and
pedestrians. Proposed method possible imperfectigns
staying time on crossroads for other types of \ehics
increased
increased staying time on crossroads could step
volume and dimension of traffic jam.

To define saving up electricity and project inflaenon
possible traffic jams it is necessary to implemadditional
researches.
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