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Timetable Optimization in Urban Areas 

By 
Dr. Mahmoud E. EI-Shourbagy, 

Assistant professor, civil EngIneering Dept., 
Faculty of. Eng. EI-Mansoura University, 

EI-Mansoura - Egypt 
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ABSTRACT: 

The a im of the paper is to prepare time - tables fo r the bus 
networks under the special conditions of urban areas (El-Mansoura 
city as exampl e). The t ime-table optlmization presented herein is 
based on the minimization of bus units. The paper describes a 

computer program (in case o f great bus networks, computer program 
us i ng Turbo - Pascal can be used for sav ing time). The practical 

applications of this progr am lead s to good results. Th is program 

can also be applied for o ther publiC transport networks 1n urban 
areas. 

1. INTRODUCTION 

urban 
under 

The increasi ng difficulties 
publ i c tr,)nsport explain 

the special economic 
transportat~on systems. 

i nvolved 1 0 

the r ecen tly 

condi tions 

handl i ng todays 

numerous efforts 
to develop new 

For economic consideratlons, the bus sys t em can be used in 
mos t tran sporta t ion planning. 

i 
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For preparill,) Ol> t J..mal time-tables 

- Data s hould be available to. optimize the pla nn ing of public 

transport Sf. rvices. 

- Time-tabl es s hould be feasib l e to be executed . The schedul ed 

r oute times should provide t he dri ve r s the poss i bili ty o f 

a r riving i n Jue time at the terminal . 

- Deviation in trip t imes on o ne route s ho uld no t in fluence 

the executi~n of the service at the next rou t e. 

- The actual numbe r of passengers must be considered. 

Refe rence s of this subject are almos t f ew. Most of them a re 

not expliCl tl y dema nd - oriented, refer ring to complete public 

transport network planning. Thu s Holroyd [3J calculates the 

optimum si ze of ~ square grid side to minimize total travel t~me, 

wh ile Keeko 14) g ives a solut~on for the axes netwo rk case. Byrne 

d nd El - Shourbagy (1 , 2} present a method for deriv ing the bus 

route positions which min~mizes the bus units and user costs. 

Ruger (6 ) glves an inteeac tl ve graphlc method for the 

connection betw\?en bus routes as flrs t stage for time- tables 

cptimiz o t:ion. 

In this r~se:lrch c ompu t er program has been developed f or 

planning a nd optimization of public transport time-taples 

contro l . 

This research has been based upon t h e applicati ons of Ruger 

15 J a nd Voigt ( 7j deeli ng with such s ubject. 

2 . PROBLEH POSITION 

the p r eparation of public t ran spor t time -ta b l es i s one of 

the 'IIost essenl t. c:.l s teps wl th in t h e process of transpo r tation 

;"I1am,ing. The select o f pub l ic transport mode ~eads to t he 

appticable time- t.ables. The advan t ages of bus transpor t inc lude 

the flexi bility of line s that enab l es manag ement to adjust the 

time-table alignment. 
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The genera::" trade- o ff In thiS time-tables optlmiza tion is 

bet .... een the minimum direct travel time t o the user and the cost 

~ f trave l to the user. Theore tically. q uickest direct trave! t o 

eac h passenge r would minimlze u s er cost, but a lso maximize 

opera ting cost and therefore is impossibl e. 

Thu s this pa per describes computer p rogra m plann i ng by usi ng 

of t u rbo-pascal langu age under 2-speCial conditions: 

1 . mi ni mum t rave l time , 

2, minimizes ~ f bus units. 

J .. 'fODEL INPUTS 

The p r oposed compute r programs presented herein on the 

transportation d ~mand wi th transportation supply. 

Model input ~ n the side of transpo r tation demand is t he tr ip 

d emand mat r i x (Tii ), wi t h its field (i,j ) denoting the number o f 

bus pa ss enger t r ips for each route from zone i to zone ), Matri x 

(Tij) mi gh t be ob t ained fro m a passenger survey in EI-Mansoura 

city 12 J , 

Model inpu ~ on the Slde of transportation s'.lpP~y is the 

!,etwork of poton ~; ial bus li nes, that is no rmally t he urban main 

stree t ne t wo rk , It consi sts o f nodes (pI - PI ' P2 e tc , a n(j of 

links ! L) ~ LI , L;,: ., ' etc. , Eac h link is d ef i ned by travel time 

! t ,l, sequence 'l:j.lne hetween any 2- vehlcles ( t Z), 

betw'een 2- vehi cles at th e same line (tTl and change 

sequence time 

time fo r the 

each new trip ( ';10'). The travel time (tr' imply i ng the time to 

travel f ['o m node PI t o node P2 ' 

Co nnec tion hr.twee n tra ns portat ion d e mand a nd t .>:"8 nsportat ion 

supp l y must be t;.\ken for- prepaClng time -tables for the publ i c 

transport ne t w, ... rks. Connectin9 tra nsporta tion demand and 

transpOrtatio n SJppl y means here: to supply as many pass engers as 

possibl e wi t h i!lrect t ravel on rou t.es wi th r es t l'ai ned travel 

time, whereas th~ number of bus l ines, bu sses etc. may no t exceed 

the available means of the opera tor. The travel time re s traint 

works as a func~ion o f the actual s hortest t r avel time. 
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Thus, the time-table optirniza. tion presented herein is based 

on the minimiza.tion of bus uni t s and direc t trave l time . The 

ca l c ul ations for preparing time-ta bles has been programmed in 

turbo-pascal language. 

Th e particular calculati o n s t eps of 

programs are dep~cted in item (5 ). 

t he t urbo-pa scal 

4. HODEL OUTPUTS 

Of course mo d e l ou t puts depend tightly on model inputs, In 

th~s c a se , if we consider the bus l ine s networks (tra vel time a nd 

the sequence tin,e between vehic les), we c a n get the following 

resu l ts: 

1 . Star t t l me for e ach line i n case of peak-hours, day and 

evening traffic, 

2 , Change tlme for each new trip between the ar riv ing to the 

destinat lon and starting from ~ t. 

Th ese resul ts are pre se nted the main base for preparing t i me 

table s. 

S. ILWSTRATIVE f..X.AHPLE 

The example ~f applica tion will be a part of the bus nptwork 

in El -Hansoura ci",y as shown in Fi9. (1 ) 

1 S 

s ~ Sc.,ldoub, 

2 2,3 B B - Bus station 
T 

M ~ Hohafza 

1 T • Tc rail 

Ge 0 Gs ,i e la 
M 

3 ur Urengeal. 

Pig. 1, Pa rt of bus network in EI-Hanso ur2. City. 

The corresp" .. nd ir: g travel time for each l in.x ~ n abov e network 

shown in ta b l e ( l ), 
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Table ( 1) Travel time [or each link in EI - Ha nsoura bus necvork 

Link S-B B-M H-U r M-T T-Ge 

Trave l t ime (mi n. ) 9 8 6 5 3 

The data tabulated in table (1) and traf fi c time i n table 

(3) were give n through lnterview by one of the responsible 

ma nager s in East - Delta - Bus - company. 

The a bo ve bus network might be obtained as a result of axes 

network so l u tior. by uSlng of "Ungarische mathematical met hod" 

( 1 . 4). This solution gives a min lmum number of bus l ines a nd bus 

u nits as shown in t he following tabl e (2). 

Ta ble (2) No ~f lines a nd bus units in EI-Hansoura ci ty 

Line Rout e (a/D) No of vehicles 

1 5/Ge} 
7 

2 I BIT 

! 3 B/Ur 3 

Tota l ! Network 10 , 

Por the above bus ne twor k, we can obtain the graph of the 

time - tables COIH\~ction for th e lines 1.2 and 3 as a shown in 

figure (2). 

F=====;'2l====~~~ 
I I 
I : I 
! ~ I 
I _-~ 

~--::--~----------
Fig. (2) The proLable bme-table connectlons for lines 1,2 and 3. 
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In this paper a computer program using turbo-pascal language 

has been written and used to prepare t ime-table s for the above 

bus network in El-Mansoura city. The case s taken in to account are 

peak-ho urs , day and evening traffiC. This program is based o n the 

solution of the foll owi ng equations according to the shape of the 

time-table s conn~ction (see fig. 2) . 

The following equations are val lied for the cases under 

consideration with changing the constant F; 

tZ2TJUr 

t 
ZlC~3U~ 

" 
";:ZUIS 

• F , 

+ 

-

-

t + 
III C ~ 

t 

'" 
-

t -
'" 

t 
Z2 111$ 

- t,~ 

t z l B I S 
+ t - t 

z Z B I $ m 

t - t 
Z]B l~ \lICe 

Ssquence vehicle time for line 2 from D before 11ne 

3 from 5 . 

~ Change time for line 3 at B. 

F
I

, F 2 , F] .. Constan ts depend on type of trips according to 

cone:i tio ns of traffic along the rou tes through the 

day (Refer to Appe ndix A) 

Th e solution of the abov e ment ioned equations in case of 

peak-hours, day and evening traffic c a·n be obtained by the 

program listed ill the appendix A. 

6. i?ESULTS AND C":)NcwsrONS; 

The obtain~d result s using the written progr<1.m have been 

listed in tabl e (3) cons l.der i ng the above mentioned. different 

cases. 

TwO spec ia l conditio ns must be taken for preparing time 

·tables ; - minimum trave l time wi ttl 

- minimU M bus-units. 
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Fo r r ealiz i ng' t he resul t o f t hi s research in t he f i eld, t'""o 

c o nd itions must ::'e examined f o r t hat.. Fi r s t , th e sidewalk s hould 

be wide e nou g h t o aCCOlOllloda t e wa i ti ng passenge r s and allow e asy 

pa ssage f o r othe r ped es t rians. Second , bus - sto p bays should be 

designe d . Bus- stop ba y s a r e par t i cularl y us eful o n street s with 

on e l ane per d i r ec t ion where stopping i n a dn .ving l an e cau s e s 

ma j or de l ay s a nd d i s r up t i o n of traffic f l o w. 

Und e r the above conditi o ns , th e practical appl i cati o ns o f 

th is re s ear ch p rogram leads to g ood r e su l t s . The r esearch prog ra m 

c an also be a pplied i n othe r pu bli c t ra nspor t ne t wo r ks in urban 

area s. 

Table ( J ) Bus time - ta b le for lines 1 , 2 a nd J i n £ l -Ha ns oura Ci ty 

Ty pe of tra ffic Ll.ne Rou t e S t a r t Cha nge time 

0 10 Tr a vel time fo r a 
new trip 

Pe ak - hou r s traf fic 
1 S 01 ,. 3 1 ,. • 

I t • , 1 5 mi ll I Ge 00 I S 30 4S • 
2 B D. " 3. •• 10 

T 11 2. 41 5. 9 

3 B 00 15 30 4S 10 

Ur o. 21 3. 5 1 7 

Da y traffic 
1 S OS 25 4S 7 

It . , 20 mil:) Ge 13 33 53 3 

2 B o. 2. •• S 

T 08 28 .8 • 
3 B 00 20 . 0 5 

Ur 0 1 21 41 7 

Evening t raHic 1 S 0 1 31 • 
( t

T
R 30 mi n) Go 00 30 • 

2 8 22 52 " T 15 4S 10 

3 8 00 30 2 . 

Uc 22 52 8 
• 
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APPENDIX (A) 

Th. Hst of 
Turbo-Pascal-language 

the 

during 
" time tab" 

the peak-hours 

c. • 

program 

traffic 
USing 

headway 
(ty-15min), d&.y traffic headway (t

y
" 20 min) and eveni ng traffic 

headwa y ( t T= 30 min) respectively is given below. 

i 
; 
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PROGRAM Time tab [or tT : 15 min 

VAR a , b .c,G,G1.G2,G),G4,i,k.s,x,y,z 
H 

PROCEDURE UM RECH NUNG 
BEGIN 

IF G > 15 THEN 
BEGIN 
H : '" G/1S 
G '" G- (15 * TR UNC (H) ); 
END ; 

IF G < 0 TH EN 
BEG IN 

H : '"' -G / 15 ; 
G : '" 1 5 + (G - 1 5 * T RUNC ( H) ) 

END ; 
END 

BEGIN 
FOR a - 5 TO 6 DO 
BEGIN 
WRITE ( 'A - SCH LEIFE . a'" 
FOR b: '" 5 to 1 '3 DO 

, B - SCH!...EIPE, 
- 6 TO :"J DO 

b • 

a, , 

b, 
, 

, 

BEG I N 
WRITE 
FOR C 
BEGIN 
wRI TE 
FOR 1 
FOR K 
FOR 5 
FOR X 
FOR Y 
FOR Z 
BEGIN 

, C - SC H!...E IFE, 
- ClT0 11 00 

c • C, , . , 

.. 6 TO 9 DO 
" Cl TOll DO 
.. GTO 900 
" Cl TOll DO 
"'4TOllOO 

G: - X -Y ; 
UMRECHNUNG 
Gl : .. G ; 
G: - 6+a+x - b 
UMRECHNUNG : 
G2 : .. G ; 
G : - 4 - C - Y + x - b 
UJ.IREC HNUNG 
G3 : .. G ; 
G : a 13 - C - Y - a 
UHRECHNUNG 
G4 : .. G ; 

, 

INTEGER ; 
REA L; 

IF ( (Gl '" ilANO (G2 = K) AND (G3 = 5 ) and (G4 ,., Z) ) THEN 
BEGIN 

END 
END 
END 
END 

END 
END. 

WRITE LN ; 
WRITE ('a we •• a .· 'b - b , 'c" • ,c) 
WRITE (' i .. ' ,i. ' . k c k, '5 • ' . s) 
WRITE (' x so ' • x . ' 'y:o 'i, ' z c ' • z) 
REAOLN 
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PROGRAH Time Cab [or tT '" 20 mi n ; 

VAR a, b , c , G,G l,Gl , GJ,G4 , i , k , s , x,y , Z 
H 

PROCEDUR E UMRECH NUNG 
BEGIN 

I f' G > 20 THEN 
BEGIN 
H ; :: G/20 
G : = G- (20 • TRUNC(H» 
END ; 

IF G < 0 THEN 
BEGIN 

H : - -G / 20 ; 
G ; - 20 + (G ~ 20 * TRUNC (HJJ 

END ; 
END 

BEG IN 
FOR a • ) TO 6 DC 
BEGIN 
wRIT E ( , A - SCHLEIPE, 
POR b , 0 5 TO 9 DO 
BEGI N 
WRI TE ' B - SCHLE IFE , 
FOR C • 5 T0 8 DO 
BEGIN 
WRI TE ' C - SCHLEIFE, 
FOR i 0 6 TO 14 DO 
FOR K 0 8 TO II DO 
FOR S 0 6 TO 14 DO 
FOR X • 8 TO " DO 
FOR Y - 6 TO 1< DO 
FOR Z - 6 TO 14 DO 
BEGI N 

G: - X - Y; 
UMRECHNUNG 
0 1 : :: G ; 

a 

b 

C 

G : ~ 6 + a + x - b 
UMREC HNUNG 
G2 : '" G ; 

; 

0 

= 

G ; .. 14 - C - Y + X - b ; 
UHRECHNUNG 

END . 

G3 : .. G ; 
G : .. a - C - Y - a ; 
UHRECHNUNG 
G4 : .. G ; 
IF ( (G 1 .. ! i AND (G2 .. 
BEGIN 

END 
EN D 
END 
END 

END 

WRITEL I>< ; 
WRITE ,' a ,. ', a, ' 
WRITE \ ' i '" '. i, . 
''''R ITE ('x'" ', x ,' 
REAOLN 

K) 

a, , 

b, ' 

C , ' 

AND 

' b 
' k 
, y 

. ' , 

(GJ 

= 
• 
• 

INTEGER; 
RE AL; 

0 5 AND 

b , 
k, 
y, 

C. 11 

(G' 0 Z ) THEN 

' c • , 
, C ) 

' s • , ,s ) 
' z 0 

, ,z) 
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PROGRAX Time tab for t1 • 30 min i 

YAR a,b,c,G.Gl,Gl,G3,G4,i ,k, s,x,y,z 
H 

PROCEDURE UHRECHNUNG 
BEGIN 

IF G > 30 THEN 
BEGIN 
H ; = G/JO 
G : = G- (30 r TRUNC(H» 
END; 

IF G < 0 THEN 
BEGIN 

H : .. - G /30 
G : : 30 ~ (G y 30 * TRUNC (H)) 

END; 
END 

BEGlti 
FOR a - 4 TO 6 DO 
BEGIN 
WRITE ('A SCHL~IFE. a = 
FOR b .. 5 to 28 DO 
BEGIN 
WRITE 
FOR C 
BEGI N 
WRITE 
FO R i 
FOR K 
FOR 5 
FOR X 
FOR '( 
FOR Z 
BEGIN 

• B - SCHLEIFE, 
- 6 TO 28 DO 

'c -
= 8 
= 12 
- 8 
- 12 = 10 
= 10 

SCH!..EIFE, 
TO n 00 
TO ~c) 00 
TO :2 DO 
TO 18 DO 
TO 20 DO 
TO 20 00 

G:-X-Y; 
UMREC HNUNG 
Gl : .. G ; 

b -

c = 

G:= 6+a + x-b; 
UMRE CHNUNG : 
G2 : = G ; 
G : '" 4 - C - Y + X - b 
UMRECHNUNG 
G3 : .. G ; 
G : .. 28 - C - Y - a 
UHRECHNUNG 
G4 : .. G ; 

., ' 
b, ' 

c, ' 

INTEGER; 
REAL; 

IF ( (Gl .... llANO eG2 = K) AND (G3 '" SI AND (G4 .. Z) ) THEN 
BEG IN 

END 
END 
END 
END 

END 
END. 

WRITELN ; 
WRITE C' a 
WRITE C' i 

WRITE ~'x 

REAOLN 

-
= 

, , ., , 
, , 

" , , 
, x, , 

' b - b , ' 0 -, 
, oj , x - x, ' s -, 
, s) 

, y - y, ' z • , 
, z ) 
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