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OPTIMIZING TRAIN SPEED PROFILE FOR A MASS TRANSIT SYSTEM USING DIFFERENTIAL
EVOLUTION
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ABSTRACT

This paper presents a movement planning of a mass transit section between two-passenger stopping stations with the goal
to minimize total energy consumption during the journey. Train movement in this work is based on a sequence of four
mode operations: i) accelerating mode, ii) constant speed or cruising mode, iii) coasting mode and iv) braking mode.
The presented problem is one of optimization problems in which train speed profile is optimized by controlling three
parameters: i) acceleration rate ii) deceleration rate and iii) location of coasting point. To achieve this goal the overall energy
consumption of the proposed journey is minimized. This paper described the use of Differential Evolution as a potential tool
to solve the problem and compared to some well-known and efficient intelligent search techniques (Genetics Algorithm:
GA and Particle Swarm Optimization: PSO). The test system used in this work is a simple mass transit section between
two-passenger stopping stations with the service distance of 2 km and the maximum speed limit of 60 km/h and 80 km/h.
The results showed that solving such a problem by using DE can considerably reduce the overall energy consumption and
efficient than other methods under the same conditions.
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Parameter Value
Strategy DE/rand/1/bin
Number of population (NP) 50
Maximum generation (Gmax) 100
Mutation factor (F) 1
Crossover rate (CR) 0.8
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szuunadauluszuuso lWihaudunasudszsananugann (high-capacity mass transit) dagniaaniglosans
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I o X
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Specific data Information

Unit configuration 4car-train

Voltage Conditions nominal voltage 750 V
tare weight 153 ton

Weight Conditions
max. payload 85 ton
max. speed 80 km/h

Movement Features max. acceleration 0.87 m/s’
max. deceleration 1.00 m/s’

Efficiencies

gear, motor, inverter

98%, 88%, 98%

Max. Auxiliaries

constant load

270 kW

Train resistance formula

A =4025,B =118.67, C = 0.871

gumsh (4)

=b.

Tractive effort diagram and Braking effort diagram 31.] 2
Gradient profile gﬂﬁ 3
Number of trains 1 2uIY
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M5199 3 WIHUNYUNBLRAEYRILAEID

GA PSO DE
Speed limit | Control variables
Ave. SD Ave. SD Ave. SD
(229 0.8464 0.0325 0.8408 0.0492 0.8648 0.0079
60 km/h A joe -0.7086 0.1072 -0.9866 0.0229 -0.9995 0.0103
) 0.411 0.0088 0.3905 0.0040 | 0.3907 | 0.0021
&, 0.8539 0.0210 0.8397 0.0158 0.8698 0.0035
80 km/h (25 -0.9894 0.0285 -0.9638 0.0148 -0.9986 0.0034
oy (k) 0.6135 0.1362 0.6147 0.1404 | 0.3341 | 0.0040
waELe SD gaaNNALTUBNIUUNINTFIU (Standard Diviation)
MR 4 Wlsudsulssansmwmsmmasuresudaya
E (kWh)
Speed limit Methods SD
Min Average Max
GA 15.6589 15.6691 15.6800 0.0261
60 km/h PSO 15.6524 15.6552 15.6626 0.0106
DE 15.6523 15.6537 15.6544 0.0023
GA 12.0057 12.0297 12.0365 0.0419
80 km/h PSO 12.0067 12.0251 12.0309 0.0357
DE 12.0007 12.0038 12.0055 0.0064

it 3 waasmanfBeuliisunaanuaiudasislunsdinnuiEIuansgege 60 km/h Wox 80 km/h WU 3
Wlinawmasluuiamadendu udis DE aliiiddssuunaspulesiigadiafisuiisou Famnedmuasdus
muaNiimlddeds DE fanaunhdedauniige

Nl 4 uaesmaFeuidisulssansmumamdaeuasudarislunsdianuiuimegige 60 km/h uas
80 km/h wuhia 3 S3aansomemdanulwihlesnudsalwihlflumswedouildlndidesty udis DE Saiasiiaa
wasdienidisauuinasusmiigailonauiisuiiis GA was PSO M 2 ntl TnansdianuiEiusnmageda 80 km/h as
Tiwdsnulessnlumaiadauiiiosnhnsdianudidmagedn 60 km/h daiuagUldhas DE sansomanuosanla
anudsolildumansiige Waisuduisdu melddeuludadu nadwsiimldannis DE uaaslddsgUil 8 uas 9
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....... speed limit 60 km/h
speed limit 80 km/h

....... speed limit 60 km/h
speed limit 80 km/h

Speed (km/h)
Train power (MW)

|

0 | | |

s s s s s 15 s s s s s s
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Distance (km) Distance (km)

Uil 8 anwazanUfianuEisolune 2 nsdl WieldiE DE Ui 9 mMaslwihisalwldiedauiing 2 nedi 1iiald35 DE

=) = =1 [ wva < = < a ‘:5 Ve
UM 8 waaemsil3auifisuansasantianumsalwlunsdianusiuimegeda 60 km/h waz 80 km/h 1iialHis
DE %Lﬁulﬁiwé’ﬂwmzauﬁﬁmmL'%Tﬂaqsalwﬁm’suJﬁﬂuuﬂaﬂwummsﬁwmagjmaam Puagnuanvazanifzes
= S v a:l ‘:! 3’, 6 Vv I~ a = [ = < a A4 a
nseudagui 3 Zns 2 nsdilvduadululuiamadienny nsgianuEiuimsgedn 60 km/h azlfmlumsidums
MEY 157.9 39 ndandeumeandeaaniilarans dauﬂstﬁmwm‘%w‘%migqqm 80 km/h azl#Fnarlumsiduma
Ve 118.8 39 WUy
UM 9 usasmslseuiiisumaslwihiisalwldiedaunlunsdianudiuimsgeda 60 km/h waz 80 km/hiiialdis
< vy -:l o ¥ ' P Y o W = U 4:5 LA ]
DE azwiulaidiamannupassalihagluuamsissaziimsldmaslnihgaiia 1.03 MW uazazdas 9 anasiiaiing
Tnuaanudiasi Wadhgluuamsuaumaslwihnldaziiednangunsalluvhmelusavhuuzsasldmaslnih 270
KW waztiladaluuawsnazimsihnasnuanmsiusnin giamsUsendanaanues éi'mnqmnﬁﬁﬂﬂﬁwﬁﬁuﬂuau
Tman’sﬂmmﬁm‘%msgqqm 80 km/h as“l%’wé?wu‘[mﬂsauiuﬂﬂsl,ﬂﬁauﬁﬁaﬂﬂiﬂmmL%W%m'igqqm 60 km/h 1129270
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