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Measures of reliability used by
transit operators

A Distance-based
A Missed trips, and

A Distance traveled between breakdowns.
A Already implemented in Claire-Diti

A Time- based B

A Travel time based

— Lakhotia et al., IIT Delhi
A Headway based

?

AAdherence to schedule (Desired = Achieved)

09/10/2018 31 JHk i
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PRACTCE

Seattle

International Bus
Benchmarking Group (IBBG):

£
.

Sydney

TABLE 1 Summary of Regularity Indicators in use by IBBG Bus Operators - 2009

Bus Operator

Regularity Indicator Type

Defimition of Service Regularity
(1= scheduled headway)

Barcelona TMB
Brussels STIB

Dublin Bus

Los Angeles LACMTA
Lisbon Carris

London Buses

Milan ATM
Montreal STM
New York NYCT
Paris RATP
Singapore SMRT
Sydney Buses
Vancouver CMBC

Wait Assessment

Wait Assessment

None, measures on time terminal departures
None, measures en route on time performance
Service regularity

Excess Wait Time

Wait Assessment

None, measures en route on time performance
Wait Assessment

Wait Assessment

Wait Assessment

None, measures on time terminal departures
Wait Assessment / Service regularity

i-1 to 1+3

1to 1+2

NA

NA

1-20% to 1+20%

Route dependant minimum
performance, EWT: 0.5 - 2 (§)
1-3 to 1+3

NA

1to 1+3 (peak). 1 to 1+5 (off-peak)
1to 1+2

1-5 to 1+5

NA

1-2 to r+4, 1-20% to 1+20%

Trompet et al. 2010



HA= Standardeviation(Real to Schedule) /Schedule=

Headway Adherence

J%Z?‘th‘sf— T)2

%2?;1 SH;
niveau  HA P(h; > 0.5%h)
A 000-021 | 1% Service provided like clockwork
B 022-030 | 10% Vehicle slightly off headway
C 031-039 |20% Vehicle often off headway
D 040-052 |33% [rregular headways with some bunching
E 0.53-0.74 | 50% Frequent bunching
F >0.75 >50% Most vehicles bunched

Ln B | d a

* L 1 TT &

Guidebook for Developing Transit Performance Measurement System

TCRP :Transit Cooperative Research Program



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=0ahUKEwj5vfmIkOPdAhUJ2xoKHbJaBhIQgQMIJg&url=http://scholar.google.fr/scholar?q=Guidebook+for+Developing+Transit+Performance+Measurement+System+TCRP&hl=fr&as_sdt=0&as_vis=1&oi=scholart&usg=AOvVaw0qwfm_5nh-L4sPcDo17xcN

GINI INDEX
AS A RELIABILITY INDICTOR



Ginl Index
A synthetic indicator of inequality used in

economic studies to evaluate inequality of
Incomes of a population.
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Ginl iIndex based on the Lorenz curve

A Lorenz curve plots the cumulative percentages of total income received
against the cumulative number of the population, starting with the poorest
individual or household:

Proportion of the total income
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Application to bus reliability study H= 4

On the Y axis, income is replaced by the headway:
15t Case: Scheduled headways
C Measure the fairness of the waiting time
2"d Case: Ratio {Observed / Scheduled headways}

C Measure the respect of the schedule

On the X axis, the population is replaced by:
1t Case: headways On all the bus route
C comparison between different bus routes é
2hd Case: headways on bus stops

C studying a bus route on its different stops, &
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Fairness of the waiting time : Lorenz
curve based on scheduled headways

We show that:
U When users do not plan their arrival time (Headway = 2* average waiting time);

w = N,_.
2
U when operators set the schedules in order to have the same number of passengers
per bus, h N i N N
_ Ny _ Ny L
a — = qah - W=—ah
Where [1,i] is the interval from 1 to i. The total waiting time for the whole day on the
bus line W, is:
N |
p .
=—P 3 h /— ah awl
8l| (3\/\4 =1 J j 1_&
the Lorenz curve based on the scheduled headways IS identical to the Lorenz
curve plotting the waiting time
and is therefore a good indicator from the riders perspective.

11



Lorenz curve analysis
Approximative visual interpretation

| — 10% of intervals cumulate

30% of the sum of delays
/
0.7 /
1GID0WN - {0,543 - [1,00] 0:5 // AGR-THT (1653)
P /f’ / | 1+ — 12% of real headways are nearly
oY S —— equal to scheduled headways

a

7
{ il
0.0 0z 0.4 05 045 E? ] 0a 1.0
D
Indice Gini 940,54
l |

N 40% of real intervals are
shorter than scheduled ones

Bus bunching
(HobservetHscheduled = 0
C Hobserved0)



Normalised headway ratios

Comparison between different services

Lorenz Cumves
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Sample Routes Selection

Frequency

Route Length

Select
Routes

[ |
Low High
(> 10 min) (< 10 min)
| |

[ } | ‘ [ ) I .

Short Long Short Long
(< 19 km) (> 19 km) (< 19 km) (> 19 km)

507
403 CL 185 165

14



165LIP - (0,800 - [1,58]
185000 - (0 55) - [1,83]
TESDOWMN - (0,77 - [1,76]
SO7CLOOYWM - (0,53) - [3,90]
A05CLUP - (0,49) - [2,84]
A03CLOCAAMN - (0,417 - [5,97]
185LIF - (0,595) - [2,05]
S0FCLUP - 066y - [1,81]
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Correlation coefficient between Gl and other
headway indicators
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STD = Standard Deviation
HR= Headway Ratio
HA= Headway Adhrence




Data problems

ActualTime_SchTime_Delay_VehiclelD_ActHeadway_SchHeadway_ActSpeed_SchSpeed

'U00922::Shahbad Dairy::0

1

ActualTime_SchTime_Delay_VehiclelD_ActHeadway_SchHeadw
U00957::Shahbad Dairy A Block::229

106:28:00_07:06:00_38_DL1PD0302_0 - 1o=17 |

107:38:00_07:54:00_16_DL1PD0640_70

Absence of scheduled headways

_ _16_ _70_12_-1_-
‘06:49:00_07:18:00_29_DL1P01592_-49

107:47:00_08:00:00_13_DL1PD1563_58_12_-1_-1
108:08:00_08:18:00_10_DL1PD0333_21_6_-1_-1
108:19:00_08:30:00_11_DL1PD0687_11_12_-1_-1
108:24:00_08:42:00_18_DL1PD0270_5_12_-1_-1
108:36:00_08:54:00_18_DL1PD1474_12_12_-
109:25:00_09:11:00_-14_DL1PD0329_49_7_-
109:42:00_09:27:00_-15_DL1PC6903_17_3_-
109:48:00_09:30:00_-18_DL1PD0328_6_12_-
'10:07:00_09:54:00_-13_DL1PC6606_19_12_-1_-1
'11:12:00_10:06:00_-66_DL1PD0272_65_9_-1_-1
'11:22:00_10:57:00_-25_DL1PD0095_10_12_-1_-1
'11:35:00_11:06:00_-29_DL1PDO573_13_12_-1_-1
'11:50:00_12:40:00_S50_DL1PC6608_15_12_-1_-1
'12:37:00_13:10:00_33_DL1PD1563_47_12_-1_-1

=31
=1..21
2.1
1:<3

2

:12:27:00_13:04:00_37_DL1PDO640 =

:12:45:00_13:16:00_31_DL1PD0274_18_12 -1 -1

Negative actual headways

-12:57:00_13:28:00_31_DL1PDO333_12_12 -1 -1
-13:20:00_13:40:00_20_DL1PDO687_23_6_-1_-1
‘13:41:00_14:04:00_23_DL1PD1474_21_12 -1 _-
-13:51:00_14:16:00_25_DL1PD0299_10_12_-1 /1

'16:04:00_17:18:00_74_DL1PC6608_124_12_-1_-
'16:15:00_16:54:00_39_DL1PD0302_11_20_-1_-
'16:18:00_15:16:00_-62_DL1PD0272_3_20_-1_-
'16:22:00_15:52:00_-30_DL1PD0O095_4_20_-1_-
'16:41:00_16:12:00_-29_DL1PD0O573_19_16_-

-16:47:00_16:28:00_-19_DL1PC6728_6_16_-1/-1
-16:51:00_17:42:00_51_DL1PD0O640_4_16_-¥ -1
-16:59:00_17:51:00_52_DL1PD1563_8_26_-A -1

'17:04:00_17:54:00 50 DL1PD0274 5 26 41 -1
117:43:00_18:42:00_59_DL1PD1474 39 12 -1 -1
'17:23:00_18:06:00_43_DL1PD0333}-20§12_-1_-1
'17:32:00_18:18:00_46_DL1PD0O687_9_12_-1_-1
'17:48:00_15:07:00_-161_DL1PC6606_16_12_-1_-1

3

Detected time of a bus on a
previous stop> detected time
on the next stop

07:38:05 07 54:43_ 16 6 DL1PDOS4O 29,3_12_164,9_19,2
07:49:29_08:00:43_11,2_DL1PD1563_11,4 12_5,5_19,2
07:58:17_08:06:43_8,4_DL1PD0274_8,8_12_-1_-1
08:09:34_08:18:43_9,1_DL1PD0333_11,3_6_8,8_19,2
08:20:15_08:30:43_10,5_DL1PD0687_10,7_12_11_19,2
08:25:48_08:42:43_16,9_DL1PD0270_5,6_12_7,6_19,2
08:37:20_08:54:43_17,4_DL1PD1474_11,5_12_10,3_19,2
09:26:43_09:11:44_-15_DLi1PD0329_49,4_7_8_18,7
09:44:48_09:27:43_-17,1_DL1PC6903_18,1_12_4,9_19,2
09:49:27_09:30:43_-18,7_DL1PD0328_4,6_12_9,5_19,2
10:08:09_09:54:44_-13,4 DL1PC6606_18,7_12_119 18,7
11:13:16_10:06:44_-66,5_DL1PD0272_65,1_9_10,8_18,7
11:23:19_10:57:42_-25,6_DL1PDO09S_10_12_10,4_19,6
11:36:23_11:06:43_-29,7_DL1PDO573_13,1_12_9,9_19,2
11:58:33_12:40:43_42,2_DL1PC6608_22,2_12_1,6_19,2
12:27:56_13:04:44_36,8_DL1PD0640_29,4_58_14,7_18,7
12:38:27_13:10:44_32,3_DL1PD1563_10,5_12_9,5_18,7
12:47:02_13:16:44_29,7_DL1PD0274_8,6_12_6,8_18,7
12:58:47_13:28:44_30_DL1PD0333_11,8 12_7,7_18,7
13:21:21_13:40:44_19,4_DL1PD0687_22,6_6_10,2_18,7
13:42:29_14:04:44_22,2_DL1PD1474_21,1_12_9,3 187
13:53:07_14:16:44_23,6_DL1PD0299_10,6_12_6,5_18,7
14:11:21_14:21:45_10,4_DL1PD0329_18,2_12_39,3_18,3
14:14:25_10:18:47_-235,6_DL1PD0292_3,1_12_9,7_17,5
14:34:25_14:37:44_3,3_DL1PC6903_20_7_9,7_18,7
14:41:52_14:43:44_1,9_DL1PD0328_7,4 9_0,3_18,7
16:05:36_17:18:45_73,1_DL1PC6608_83,7_12_8,6_18,3
16:16:05_16:54:45_38,7_DL1PD0302_10,5_20_12,7_18,3
16:19:44_15:16:44_-63_DL1PD0272_3,6_20_7,9_18,7
16:23:53_15:52:50_-31_DL1PD0O0S5_4,2_20_7,3_16,5
16:42:11_16:12:45_-29,4 DL1PDOS573_18,3_16_11,6_18,3
16:48:43_16:28:44_-20_DL1PC6728_6,5_16_8_18,7
16:52:33_17:42:45_50,2_DL1PD0640_3,8_16_8,9_18,3
17:00:11_17:51:42_51,5_DL1PD1563_7,6_26_11,6_19,6
17:05:28_17:54:45_49,3_DL1PD0274_5,3_26_9,4 18,3
17:24:36_18:06:45_42,2_DL1PD0333_19,1_12_8,6_18,3
7:33:26_18:18:45_45,3_DL1PD0O687_8,8_12_9,6_18,3




Data problems and the reconstitution

approach
T=T1-Di/Vi — \% T=Ta+D/IVi




