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Calculation of the marks:

e The maximum number of points of this written exam, By, 4, is 100
e The marks for the written exam, C, is calculated by the sum of points, P, times ten
divided by the maximum number of points:

C=10-

max

e Available time is 180 minutes (+ 25% for ‘extra time students’).
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Question 1 (16 points) - Building a Time Table
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The image above is the visualisation of a city bus line from A to B (and back). The dots stand for the
bus stops. For each bus stop the number of boarding passengers during a standard working day are
given. Somewhere halfway the bus line there is a train station.

Some facts:
Circulation time Station-A-Station: 45 minutes
Circulation time Station-B-Station: 31 minutes

Walking time between train and bus: 3 minutes

Trains arrive every hour at the train station/terminus at .29 and .59 and leave at .05 and .35.
The circulation times are excluding dwell time at train station, but including other bus stops.
As a professional transport planner you will have to take the following steps:

a) (5 points) make an effective connecting diagram for train and bus (standard frequency of 2
busses/hour)

b) (5 points) make a realistic time — way diagram for line A-B

c) (3 points)calculate the number of busses needed for line A-B

d) (3 points)make a proposal how to minimize the number of busses and make an estimation
how it will affect the cost cover percentage
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Question 2 (6 points) - Public Transport and basic mobility

Basic mobility is all about the individual needs of passengers (door to door trips). The figure above
shows three of the principles of routing. The circles are districts in a certain town and the arrows are
routes with a taxi or small bus.

a) (2 points) Name four different target groups for small-scale demand-responsive
transportation
b) (2 points) Describe the advantages and disadvantages of the three routing principles for

passengers
c) (2 points) Describe how and under what conditions regular public transport can play a role in
providing passengers basic mobility

Question 3 (6 points) - Data analysis

Big data is an all-encompassing term for any collection of data sets so large and complex that it
becomes difficult to process using traditional data processing applications (wikipedia). It is evident
that in the world of Public Transport the collection and application of data becomes more important
too.

a) (3 points) Describe two important and relatively new ways of data collection for Public
Transport by bus in the Netherlands.

b) (3 points) Describe at least 5 different ways how this data can be used to make a better offer
for the passengers.
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Question 4 (10 points) - Exploitation and reliability
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The line chart above shows the average difference between planned and actual departure time per

stop per day for November 2012 for a specific bus line in one direction. On the X-axle you find the 32
stops of the bus line. The Y-axle shows the average difference between planned and actual departure
time at the bus stop in seconds, where a positive value means too late and a negative value too early.

Calendar for November 2012:

4 Movember 2012 [

Mo TuWe Th Fr Sa Su
£ 29 30 3101 2 3 4
4 5 B 7 & 9 10 11
47 12 13 14 15 16 17 18
419 20 M 22 23 24 25
4 26 27 2B ¥ 30 1 2

m 2 4 5 A 7 5 9

a) (5 points) Name and explain at least three remarkable things in this line chart.
b) (5 points) Describe three - in principle - different ways how to make Public Transport more
reliable
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Question 5 (24 points) - Public transport assignment

Consider the following PT network, consisting of 1 origin, 1 destination, 3 access links, 1 egress link, 4
nodes / stops (A, B, C and D), 3 transit links and 3 transit lines (I, Il and 1l). Transit line | calls at stop A
and D and has frequency (F) 4 per hour. Transit line Il calls at stop B, C and D and has frequency 6 per
hour. Transit line Ill calls at stop C and D and has frequency 6 per hour.

The travel times T of (access, egress and transit) links are given in the network (in minutes). Assume
the dwell time (for line 1l) at stop C to be equal to 0. Stops A, B and C are within the search radius
from the origin. Assume that transferring from transit line Il to transit line Ill at stop B involves such a
high transfer penalty, that it is not a choice option for the traveler.

D T;\Zl\*

=2 Destination

Figure 1 The PT network

This transit network results in 4 routes being used by the travelers (if a different line is used this is
considered as a separate route).

a) (20 points) Calculate the fractions for the use of each route for this OD pair. For that, take the
following into account:

e Calculate the generalized costs in time units (minutes), assuming that waiting time has a 30%
higher weight than in-vehicle travel time (factor 1.3). Access / egress travel time is equally
weighted as in vehicle time. Other cost components (like distance or fare) are not considered
in this question.

e (Calculate the waiting time at stops by assuming that passengers arrive completely random at
the stop and that the transit services run completely reliable with equal headways.

e Use the choice models within the Zenith algorithm: the formulas are given below. The stop
choice parameter (8) is 0.2 and the access service choice parameter (1) is 0.1.

b) (4 points) Explain in words what would happen to the route fractions calculated in a) if waiting
time would have been weighted more strongly (i.e. the weight factor for waiting time would be
higher than 1.3)

All formulas necessary for this question you will find on the next page.
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Formula for stop choice:

e —0Cs
Po=——
* ZxES e—QCx
Where:
P;: fraction for stop s
Cs: generalized costs when using stop s
S: set of candidate stops at the origin
0: stop choice parameter
Formula for service choice (= line choice):
Fe ¢

& Yxer Fee 46
Where:

P;: fraction for line [

F}: frequency of line [

C;: generalized costs when using line [

T set of candidate lines at the stop

A: service choice parameter
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Question 6 (6 points) - Lines and networks

See the metro map o

a)

f Beijing below.

(4 points) Name the types of the following lines:

Line 1, line 2, line 4, line 5, line 6, line 8, line 9 and line 10.

c)
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(2 points) Does the network consist of independent or of integrated lines?

Ao Eth) &M
[ . Sk S S
RIBHR e Line 5 ,iug,aomw Eiis o ~n ©
- Line 8 HOUSHAYU NANFAXIN SHUNYI Line 15
- R
P B B B8
s Wxige R
Line 14 g W TSR s
: i et
LHREE e I s e Beijing Capital Airpc
I crenoving Line 2Tt Et3 (e} Eivol
ANHEQIAO North XIYUAN 3% Sl 28 fitsk IS HkHE
I sl ChinaGgg 0 SEAEE, oun age gt
. Line 4 BN 17 BEER ushacsun - Q3 im B8R
@) Transfer Station SUARMINGYUAN Park oo I Qg Civcluaino Qs EaE
N -
KR e 1o} RULRE . 2% L,
PO .5 RHLHAR K g Xk
‘Olympic Green DATUNLU East ey ;AF L
Lt .~ kel ikt Rymegn  emows  wiehdt
T " Jb 435 I e wmnxmzssmu SR (Closed)
s R seiticrine -
—( RS irport Express
£ mEH. AL &1 ) Qseone
A o SANGewEn
o N T
AEB. QARA: R i BRI 3
RENMIN Univorsity A#FO (Closed) () =T
PRt B File 2 a8 a0
215 8 R i o
CHANGEHINGIAG icowen s y O ©) Y Tdilano
Bijing 200 &
o . Lewsn
iole) F e Tommio B Ao Ehition ontr
e B F @ b
SRR, WHEE, REEEE.. E o Mgﬁzﬁmﬁ
" O O 3) 5= o = 3
Line 6 e ” ERER FoE mEnE 4 "f.ﬁﬁ% gam  REH SR, B
22m iR & CreccnCHG s g N JAERE & I iy s &
PINGSToRaAN . a1 01 st s tE8 F3 B Line 6
; o, e 5
Line 1 /\ﬁmga - | ] £5s ‘i"l g R o Buamn mmw Brasm s o Sl T
Do et SRR el i W By 5 s Lir
5 =) .
Y : ; T OmmmOny, i 1655
E AR Odemmsh Bwms 5 GAOSEIOIAN ___sHURNGOMO  BALIGIAG
aincno lf ;g;mm.,mn . O =5 ;ﬁ:sm Batong Line bl N e
CHANGCHONIE HE Bl eiing Qaniis
Do Ea wOfN il B #wEOl aihay Station isone A0
(@) ) EB i osane i Fhavonn e
¢ F wEs
wlBE, ARE JESS It sroson i BN -
o%d Boze ; ARE it
FAME A NivA ey B I Y vaiae ay LUAAVAS BES
o 65 &) 5 B
— T T T -
it suitivzriuane [l Soncanznuane [RIAIRRNY)
m Station on Line 9 and m?cunk

ion on Line 14 are unopened.

i
sl o Bl
o,
cwonlelilt o BEE Bunmxy
REEAS,
e IEEY Fr s xsii e s
e O O o, PEBE,
5 EMEHES
BB, wbsxzE, SRR 1z e

OXER
Daxing Line TWGONG UAN

)35 1 3%

&5 %
TONGIINANLU  JINGHAILU

Note: Colour-blind are allowed to ask assistance in interpretation of the colours in the map.

Blad 7 van 8



UNIVERSITEIT TWENTE.

Question 7 (12 points) - approaches used for demand estimates /

forecasts

Elasticity, trip end, and discrete choice are three (model) approaches used for demand estimates /
forecasts in public transport.

a) (2 points) Give the definition of elasticity.
b) (10 points) For each approach, provide a case for which that approach is (best) suited.
Motivate your answer.

Question 8 (6 points) - selected link analysis
A selected link analysis can be used to estimate the potential for a new rail track.

Explain the concept of a selected link.

Question 9 (14 points) - mass and regenerative braking
In ‘A systems approach to reduce urban rail energy consumption’ Gonzalez-Gil et al. state:

‘The ratio of the traction energy saving percentage over the mass reduction percentage is
estimated to be about 0.6—0.8 for urban rail, although it may be slightly lower when using
regenerative braking.’

The authors don’t show why “.. it [the energy saving percentage] may be slightly lower when using
regenerative braking.’.

What is the reasoning behind this statement? Is the statement plausible? Document the necessary
assumptions explicit.
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