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TANAWAT CHOENKLANG : SIMULATION OF SPEED CONTROL
STRATEGY FOR ELECTRIC RAILWAY TO REDUCE ENERGY
CONSUMPTION USING OPTIMIZATION TECHNIQUE. THESIS

ADVISOR : ASST. PROF. UTHEN LEETON, Ph.D., 112 PP.

ENERGY SAVING/SINGLE TRAIN SIMULATION/DYNAMIC PROGRAMING/

OPTIMIZATION TECHNIQUE/DIFFERENTIAL EVOLUTION

The objective of thesis is study develop and design of train movement algorithm
the case study on the Metro railways of Bangkok Transit System (BTS) Thailand select
route 5th extension — Sukhumvit Line north 5 Yeak-Lad-Phrao to Khu-Kho station the
simulation by implemented in MATLAB/M-file for dynamic single train movement
calculation

The dynamic simulation of train movement in cycle has four modes:
acceleration, cruising, coasting, and braking, which are used to calculate location,
speed, tractive effort, power consumption, and energy consumption while traveling. 16
station passenger distance 16.4 km, although this has used the optimization approach
using Differential evolution method to determine the objective function on Minimize
energy consumption by controlling acceleration rate, deceleration rate, and coating
point by choosing a distance between station passengers more than 1 km and a speed
limit of 80 km/hr. Such as Bang bua to the 11th Infantry regiment, Saphanmai to
Bhumibol hospital and Yaek Kor Por Aor to Khu khot Station passenger.

The best technique was found based on the application test findings by
calculating the braking rate control variable in conjunction with the initial

cruising distance. The objective function to minimization Energy consumption in



single train movement, the result the controlling deceleration and coating point
parameter in travelling maximum 21.82 percent respectively, as compared to the base
case and performance optimization compared Differential Evolution with Genetic
Algorithm method result show Differential Evolution better to minimum energy

consumption as 1.67%
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Parameter Specification
GPS receiver
Receive type L1 frequency band, C/A code, 22 Tracking/ 66 Acquisition-
Sensitivity Tracking -165 dBm
Acquisition -148 dBm
Acquisition Time Cold Star 32s
Warn Star 23s
Hot Star Is
Re-Acquisition <l1s
Power Consumption Tracking 30 mA @3.3 Typical
Acquisition 35 mA @3.3V
Navigator Data Update Rate 1 Hz
Operational Limit Altitude Max 18,000m
Velocity Max 515m/s
Acceleration Less than 4g

31: (SKYLAB M&C Technology Co., Ltd)
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M1397 4.1 Foyadmuuusiasase TWih

List Unit Value
Weight
Tare weight ton 153
Pay load

AW1 ton 10
AW2 ton 50
AW3 ton 75
AW4 ton 85

Resistance Equation

Rolling kN David formula F= A+Bv+Cv’
A 4025
B 1.1867
C 0.8710

W (miado, 2561; Fogns, 2560; Kampeerawat, 2017)
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List Unit Value
Movement feature
Max. Velocity kph 80
Base. speed 1 kph 34
Base. speed 2 kph 56
Max. Acceleration m/s’ 0.87
Max. Deceleration m/s’ -1.0
Efficiency
Gear 0.98%
Motor 0.88%
Inverter 0.98%
Power. auxiliary kW 270
Tractive Effort
A kN 225
B kN 131
C kN 64.5

N (siade, 2561; Fogns, 2560; Kampeerawat, 2017)
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Station code Station name Position
N9 Ha Yaek Lat Phrao 0
N10 Phahon Yothin 24 0.97
N11 Ratchayothin 1.68
N12 Sena Nikhom 2.55
N13 Kasetsart University 33
N14 Royal Forest Department 4.3
N15 Bang Bua 5
N16 11" Infantry Regiment 6.52
N17 Wat Phra Sri Mahathat 7.54

N18 Phahon Yothin 59 8.45
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Station code Station name Position
N19 Sai Yud 9.2
N20 Saphan Mai 10.26
N21 BhumibolAdulyadej Hospital 12
N22 Royal Thai Air Force Museum 13
N23 Yaek Kor Por Aor 13.9
N24 Khu khot 16.4
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TEmax = 225e3;

BEmax = -225e3;

Mtare = 153e3; % kg

M1 = 75e3; % Payload
MF = (Mtare+Ml)/Mtare; %

Mass factor
o
°

Meff = MF*Mtare; Effective mass

eff gear = 0.98;eff motor = 0.88;eff inv = 0.98; %Efficient
transfer
eff = eff gear*eff motor*eff inv;

ka =
kd =

o\°

gain of acceleration rate
% gain of decelerating rate

o
o o
~

~e

ACC = 0.87*ka;
DEC

o\°

maximum acceleration rate
-1.0*kd; % Max braking rate

vbasel = 34/3.6;
vbase2 = 56/3.6;
v.m = 80/3.6;

o\

Base speedl
Base speed?
Max speed

o\

o\

o\

paux = 270e3; Power auxiliary

A = 4.025e3;B = 0.11867e3;C = 0.000871e3; % resistance force

QJ 1 QJ =

o o I a A o 9 o A 9 o
FAAE QﬂﬁW?H}HW1§HﬂﬂﬂiﬂﬁWﬂmVﬂ%iuﬂWﬁﬂWa@ﬁWaLW@iﬁIﬂiHﬂﬁNﬂ?uqu

9

szgzmanasunnaasu lilamwatavessa lwih



v
(v

gamdanmsniugulnuamsinauvessalvlih

if mode == -1 %Break
if (s (k)—- D2NS)>0 $D2NS End
Station
mode = 0;
a(k+1l)= 0;
TE (k+1) = 0;
s(k+1) = D2NS; %s (k)
Tcount = 0;
pe (k+1) = 0;
else
a(k+1l) = DEC;
TE (k+1) = 0;
v(k+l) = v(k) + a(k+1l)*dT;
pe (k+1) = TE(k+1)*v(k+1)/eff + paux;
s(k+1l) =s(k) 4+v(k)*dT +0.5*a(k+1)*dT"2;
end
elseif mode == %Stop point
Tcount = Tcount+1;
a(k+1l) = 0;
TE (k+1) = 0;
v(k+1l) = 0;
pe (k+1) = 0;
s(k+1) = D2NS; %s (k)
E(k+1) = E (k) + pe(k+1)*dT;

if Tcount >= Tdwell

mode =1;
s(k+l) = s(k);
else
s (k+1) = D2NS;
end
elseif mode == % ACC Mode
a(k+1l) = ACC;
TE (k+1) = TEmax;
if v(k) < vbl % Constance

force
if TE (k+1)> TEmax
TE (k+1) = TEmax;
end
elseif v(k)>vbl && v (k)<=vb2
if TE (k+1) > TEmax*vbl/v (k)
TE (k+1) = TEmax*vbl/v (k);
end
else
if TE(k+1l) > TEmax*vbl*vb2/v (k)"2
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v(k+1l) = v(k) +a(k+1)*dT;
pe (k+1) = TE(k+1)*v(k+1)/eff + paux;
s(k+1l) = s(k) + v(k)*dT + 0.5*a(k+1)*dT"2;
if v(k+l) >= v m % Check velocity
v(k+l) = v m;
mode = 2;
s a = s(kt+l)+s a;
end
elseif mode == % Constant speed
a(k+l) = 0;
TE (k+1) = Meff*a (k+1)+Fr (k+1)+Fgrad (k+1);
v(k+l) = v(k) +a(k+1l)*dT;
pe (k+1) = TE(k+1)*v(k+1)/eff + paux;
s(k+1l) = s(k) + v(k)*dT + 0.5*a(k+1)*dT"2;
if s(k+l)-s a >= s cc % Coasting start
Point%%%%
mode = 3
end
elseif mode == 3 % Coasting mode
TE (k+1) = 0;
a(k+l) = TE(k+1)-Fr (k+1)-Fgrad (k+1) /Meff;
ds (k) =0;
v(k+1l) = v(k)+ a(k+1l)*dT;
pe(k+l) = TE (k+1)*v(k+1l)/eff + paux;
s(k+1l) = s(k) + v(k)*dT + 0.5*a(k+1)*dT"2;
ds (k+1) = ds (k) + s(k+1);

if D2NS+ (v (k) .”2/(2*DEC)) < s(k+1) % Check distance

break
mode = 4;
end
elseif mode == % distance of braking

a(k+1l) = DEC;

v(k+1l) = v(k)+ a(k+1l)*dT;

TE (k+1) = BEmaxe;

pe (k+1) = paux;

s(k+t+l) = s(k)+ v(k)*dT + 0.5*a(k+1l)*dT"2;
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Distance Height
0 29
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14140 1.6
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Abstract Thiz paper describes the modeling and simulation of a DC electric railway
movement sirategy during fraim eperation gims to reduce total ensrgy consumption are
dizcuzzed. The proposed three cazs smdies of rain movement strategies to be simulated
with controlling of three parameter such as 1) acceleration 2) deceleration 3) coasting
point by Intellizent control for optimization the energy comsumption of DC alectric
railway to determine which made of ransportation uses the least of enargy consumed.
This paper present: 3 DE method applied to zlgorithm WMMATLAB/M-file
implementztion for calculating the train movement profile of a single wain that used the
Bangkok Transit System (BTS) of Thailand to caze study zslect route 5th extension —
Sukhumvit north line to Kl Ehot 2-station passenger and a service range of 1.74 om.
The simulated event was determined by the algorithm's which demonstrated the DE
method to mimimize energy usage while mnning between stations on DC electric
railway in comparizon to other cases. Thus, the DE methods 2z present can be used to
validate the effectiveness of minimim energy consumption on DC electric railways
trajectary.

Eeywords: Single-Tram Simulation, Differential Evalution, Ensrey Saing

1. Introduction

At prasent, public transport iz rapidly mcreasing in demand all over the world. In particular, over the
years many Aszizn countries are planning to expand way of the mass transit systern. Themsshves were
covered all capital aress [1] mass rapid wansit sy=tem has been developed which present various systems

in order to supp
zarvice [1]. The
approach train
implementation

art rapid transit system. It has a wide range of services to atract passengers to use the |

oltject of simulation is creating 3 single-train movement calculate modeling. in the papar
movement performance of single train compute by zlgorithm MATLABM-fle
for calculating the train movement profile of 3 single tram that nsed the Bangkok Transit

System (BTS) of Thailand wasz applied to evaliate for caze stady. The casze study conziders I-station
passenger Sth extension — Sokhumvit Line north to Khu Ehot Becanse simpls anabyses. It has sarvice

distance of 1.74

km for thiz cass study. The energy consumption for operating the fram iz determimed
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Caleulations make it hard to estimate zerodvnamic drag, however based on data from nin-down testing
m which the natural deceleration of a train on a straight, level track 1z measure windless day the drag
force may be calculated. The Davis equation in equation (3) [7].

v =a+bv+cr? (5

Where g, & and ¢ are Drag coefficients, where v i3 the train speed Different values are commonly used
for open or tunnel surroundings.

2.2, Performeance Calcuwlate
Ezsentially, the tramn's immediate distance and speed must be determined and updated at each smmlation
iteration. program a: following equation (3) to (6) [6].

v=w+alt 6)]
|

5= s:+v:ﬂ.t+énﬂt2 (e

Where v; and v are the velocity after and before updated, A 55 the time of movement, s; and 5 are the
position the object after and before updated.

The electric power consumption (P) i3 considered with the efficiency physical parameter wounld be
expressed n (7). Thus, the total electric power (Py) which is provided to the train movement was
lustrated in (8) to add awliary power for load on the tram [2] [6] and Energy consume the equation in
(Mo (9.

Exv
B= ]
(7
Pr = P + Paux ':3-:'
E= PFxt (9
where: P, 1z Power for the movement train (W)
Ps 1z Total Power for the movement train (W)
v 15 Speed fram (m/s)
B 1z Auxiliary Power (W)
and E 1z Energy for the tram movement (kI)

Where n describes the efficiency with which electrical nput power is converted to mechanical output
power at the wheels.

3. Strategy of train movement control

The modes of operation are determuned by the speed conirol model The tram fypically has thres
operational modes mclude 1) accelersting mode, 2) braking mode, 3) coasting mode and 4) braking
mode. The tractive effort is detennined by the speed control strategy.
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FProportional speed contral

This research aimed to study the speed comtrol on proportional techniques model and speed mode

operation in Figure 2

The tram movement of the vehicle begins in the accelerating mode with full tractive effort (TE=max),
until the zpeed reaches the speed limit, at which point it switches to the cruizmg speed mode with reduced
acceleration and tractive effort (JE=0), until the train reaches a determined point, then the frain will
move by its own momentum with no tractive effort (s, 7E=(). Finally, the train will move mto the
braking mode when approaching to the destination with an acceleration rate fa<() as show in Table 1.

sl

muh

Crabdag |

Camiing | Breakiag

mads | maade

" IHstaner

Figure 1. Proportional speed control model and Speed mode operation [9].

M - _

ot (M

racihve Eio

Walocky (ki)

Fizure 3. Tractive effort characteristic.

Table 1. Proportional speed control mode

hiode Posttion Tractive Effort Braking Effort Acceleration
Acceleration Beginto Vy max 0 max
Cruizs Vite Vs 0 0 Decrease
Coast Vito Vi 0 Increase 0
Brake Vi to Drestination [ ma =0
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4. Optimization Methods

Genetic Algorithm

The Genetic Algorithm (GA) is a technique that depends on gene-level evolution replication. There
are several methods for adjusting the motor settings. The GA method 15 used to detect system
parameters in a variety of formats. The GA 15 a stochastic search strategy that puides a population
through optimal solution using genetic evolution and natural selection theories, considered classified
as genetic operators gz, crossover, mutation, ete. With each subsequent generation's update, a
collection of updated zolutions eventually converges to the trus solution. GA 13 frequently utilized
various research fields where an intelligent szarch approach 1s required. The followmg flowchart m
Fig. 4 shows GA procedure [7].

In this paper, The GA is chosen to create an algorithm that will solve for optimal energy usage. Te
simplify programming, the Genetic Algorithm (TOOLBOX in MATLAR) is uzed to create a sat of
mitial randem values. With the searching procass, the parameters are adjusted to provide the best
possible rezult.

[ Specidy the paramsars ot GA ]

| (rennewis watial populahon I
T
Find the fimass of sach indrdual
Inthe cumeer popedation

Apply GA cperwiors
Eslechon, crossover and mmhbioe

Fizure 4. Flow chart of the GA procedure [7].

Differential Evolution

Differential Evelution (DE) is a recently developed evolutionary computation methods. DE 15 2 very
effective vet basic evolutionary techmoue. An algonthm that mmproves a population of mdrviduals
over multiple generations using mutation operators, crossover and selection for global optimization
Price and Stom|infroduced. Differentizl evalution exhibits good conversence characteristics and
mvelves few confrol parameters that remain constant during the optimization process and require
minimal tining. In the mutation and recombination phases, DE varies from other EA. Unlilke
stochastic approaches such as the genstic alporithm and evelutionary strategy, which utilize a random
quantity to disturb the population, DE uses weighted differences between solution vectors to disrupt
the population. It has a minimum number of EA confrol parameters, which can be efficiently
tuned.[11] The following flowchart in Fig. 5 shows DE procedure
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Figure 3. Flow chart of the DE procedurs [11].

5. Simulation Result and Discussion

The propose method to compute tram movement profile of single tram by algonthm implemented in
MATLABEDI-file and applied the Genetic Algorithm toolbox fimction versus Differential Evolution
method to optimal parameter of acceleration, deceleration and coasting distance value for objective
function of the Energy mmimization (107 between 2 stations distance.

Dfiminize

]

(10
Subject to el = g < glaw

a.}";,_f' < Qhee = REE&-I

LT < Gopnsr = OIMLG

The programmed sequance nmning in Figure §. and variable of the optimization refer in Table

Table 2 Variable of the DE Methods optimization

Specific data WValue
Number of Population 50
Maximum generation 100

Ivutation 1
Cross over 08

Number of Vanable 5
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Figure 6. The flowchart of the program sequence with DE search

Table 3. The parameters for simulation

Specific data Information
Mumber of Vehicle 1 vehicle
Voltage Nominal voltage T30V
Weight Tare weight 153 ton
Payload 73 ton
Movement feature Max acceleration 0.87 m/s2
Max deceleration 10m's2
Mex spesd 80 km'h
Efficiency (Grear, motor, mverter Qf%, 38%, 98%
Aupaliary power Constant load 270w
Train rezistance A=4025 B=11867, C=0.271
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Station code Station name Paosition - .
NS Ha Yaek Lat Phrag 0 / '
10 Phshan Yathin 24 0.97
N1l Ratchayothin 168 I -
MN12 Sanz Mikhom 2.55 I
N13 Kazetzart University 33 I
M14 Royal Forest Department 435 I -
15 Bang Bua 5.05 I .....
M15 11" Infantry Regimant 652 -
MN17 Wat Phra Sri Mahathat 754
MN1g Phahon Yothin 59 .45
MN13 Zai Yud 9.2
MN20 Ezphan Mai 10.28 »
M21 Bhumibal Adulyadej Hospital 12
M22 Royal Thai Air Force Museum 13 .
Nz Yaek Kor Far Aor 133
N24 Khu khot 16.4

The simulation with variable value in Table 3, a case study of a test algorithm with optimization. The
DE and GA method calculates to optimal acceleration in acceleration mode, coasting distance of the
mode and deceleration in breaking moede to finding the least energy consumption each strategy compared
with bazecase, Banglkok Trains Railways each station refer Figure 8. Smmulation 2 station as betwesn
Sai-vud to Saphan-Mai station distance 1.74km This article was prepared by simulating it with the

Figure 8. 5th extenzion — Sulhumvit Line north to Khu Ehot Foute, Thailand

A0 — - - - . T
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—
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| |
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[ ‘ l
E0O0 BN 10000 12000 14000 1G00d

D= Ti)
Figure 9. 3" extension Suldnmavit Line Electric Railway Speed Profile Trajectory.
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MATLAB =oftware. Az a result the distance for the best coasting mode 1= 898 m (distance from the last
station), the total movement time iz 103.88 = and the total amownt of energy utilized for movement 1s
2426 KWh. (11.3% Reduce from Base case) by simulating tramn speed and distance. That caleulates
energy consumption was conducted, and each case was compared follow.

Baze on the simulation result of DC electric railways 2 station range 1.74 kan, are different show the DE
method least energy consumption when compared to GA methods about 1.53% and 11.5% compared
Base case, Because there 15 no crusmg mode to maintain speed, no tractive effort in period affects
energy consumption less than other case the cumulative ensrey according motion mode show m Fig. 10
and the spead profile all method show m Figure 11. And can see the result in table 4.

Table 4. The result of each Optimization methods

o E{kWh)
Speed limit Method =
0] Average Max 5D
80 km/h DE 24.26 24603 24.65 0.00&
m/
' Ga 2463 2472 24 BB 0.08
60 km/h DE 20.773 20,774 20.781 0.001
m/
' GA 20.84 20.85 2114 0.04
Basecase |
5 DE
I GA
X
w4 /_.-"
1:-I ’,.-'rr
shf
I
L L s d
il L] i i | i 1800

Distance [m)

Figure 10. Total Energy consumption in the tram movement 3 cases.




110

Spead (kmh)

Spead (krnh)

6. Conclusion

This paper presents the algeorithm for DC electnic railway study energy saving by contrel mode of the
train speed operation distance 1.74 lan 2-station the result shows the Differsntial Evolution (DE Method)
caleulation at least enargy total 2426 kWh are less than compared GA method. Thus, modelling and
simulation by algorthm MATLABM-file with Differential Evolution Optumization methods are
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Figure 11. Speed profile compared 3 cases study.
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successfully to evaluate the motion train operate.
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