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DIMTS (Delhi Integrated Multi-Modal Transit System Ltd), 

Delhi, India

2 academic partners

Partners of the project

• GRETTIA (Transport Network and Advanced Software 

Engineering) / COSYS (Components and Systems) / 

IFSTTAR

• TRIPP (Transportation Research and Injury Prevention 

Programme)/ IIT Delhi 

INDIRA-B: INDIcators for Reliability and Variability of Bus Systems

Funding body
IFCPAR/CEFIPRA : Indo-French Centre for the 
Promotion of Advanced Research

Industrial partner
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Delhi Bus Transit MAP

Delhi Bus Transit System

Delhi Transport 
Corporation (DTC)

Delhi Integrated Multi Modal 
Transit system (DIMTS

• 100% Government Owned
• Fleet Size = 3900
• Fleet Type = Low Floor CNG 

Buses
• Services = AC & Non AC buses
• Daily ridership = 3,500,000
• Fare Structure : AC = 

10,15,20,25
• NON AC = 5,10,15
• Number of Routes = 500
• Number of bus stops = 4400
• Number of Depots = 40

• 50% Government Owned
• Fleet Size = 1750
• Fleet Type = Semi Low Floor 

CNG Buses
• Services = Non AC buses
• Daily ridership = 1,000,000
• Fare Structure : 5,10,15
• Number of Routes = 190
• Number of bus stops = 3200
• Number of Depots = 10
• Num of Concessionaire = 10
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To develop performance indicators and design a bus fleet "supervision 

cockpit”

3- Multi-criteria analysis1- Joining AVL and ETM data

4- Performance indicators: should be

clear, easily understandable, useful to

the audience

Cockpit

ETM 
data

AVL 
data

The originality of our approach lies in at least 4 points

AVL: Automatic Vehicle Location

ETM: Electronic Ticketing Machine

2- Cockpit: 
a tool for 
planning 

and 
operations

levels
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Intégration des données

AVL et ETM
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Claire

SITIDIMTS ETM data

- Fare stage collection

- Passenger flow between fare 
stage stops

DIMTS AVL data

- Stops location

- Road line (LineString)

- Trip details (scheduling at 
terminus only)

- Bus GPS location (Lon, Lat 
coordinates each 10 s)

Structural

Logical graphs (nodes as stops, links 
between two stops)

Physical graphs (Point, Poly line)

Vehicle monitoring

Matching algorithm on vehicle 
tracking along the links)

Time performance indicators at  
vehicle, stop and link levels

(travel time, delay, headway)

Passenger demand indicators

(Boarding, Alighting, Loading)
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Example : passengers load at super-

nodes and bus delay on links
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Indicators from only AVL data

• Punctuality
• Schedule Adherence

• Variability in departure and arrival times

• At terminal stops

• Regularity
• Headway adherence

• Headway ratio

• Gini coefficient and Lorenz curve

• Variability of headway 

• At bus stops

• Link-based speed and travel time
• Travel time variability (TTV)

• Distribution of travel times and speeds
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Indicators from AVL & ETM data

• Passenger demand

• Passenger loads

• Flow variation

• Passenger exchange

• Trip variability 

• Additional travel time for passengers

• Reliability buffer time

Sunday, 10 February 2019 9
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Sample Routes (25) – 1 Month Data
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Route 
Length

Frequency

Time 
period

Morning peak,

Off peak,

Evening peak

Low

(> 10 min)

Short

(< 19 km)

Long

(> 19 km)

High

(< 10 min)

Short

(< 19 km)

Long

(> 19 km)

• Ideally high frequency routes should be classified as less than 6 mins

• However, almost no routes in Delhi have frequency less than 10 
mins (thus selected as criterion for classification)
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Comparative Up and Down Speed 

Profiles
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Inverse of SD Inverse of CV

TTV

Indicators
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Headway variability (HV)

HV

% of stops 

(morning 

peak)

% of 

stops 

(off 

peak)

% of 

stops 

(evening 

peak)

Insuff. 

data
1.3 0.6 1.2

0 - 1 5.1 5.2 0.4

1 - 2 6.4 4.3 3.3

2 - 3 19.4 8.2 4.8

> 3 67.9 81.9 90.3

Sunday, 10 February 2019 TRIPP, IIT Delhi 13

• Long length–low freq 
routes have most stops 
with lowest HV

• Short routes have most 
stops with highest HV –
need to be monitored
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Headway variability (HV)

Heat Map Analysis
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Morning peak Off-peak

Evening peak

Ring Road

Karkardooma

Pragati Maidan Patel Chowk

Shivaji Park

Kalkaji

Low High

• Stops on Ring 

Road  and 

Kaarkardoom

a experience 

high HV all 

day
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Gini index and Lorenz Curve

A synthetic indicator of inequality used in economic studies mainly to 

measure the inequality of incomes and health among the population.

Exemple:  National income 

equality

1

0

2 ( )Gini L X dX 

Gini=0; perfect equality,

Gini=1, One person has 

all the income …
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A Lorenz curve plots the cumulative 

percentages of total income (wealth, ..) 

received against the cumulative 

percentage of the population, starting with 

the poorest individual or household
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Lorenz curve analysis

Bus bunching

(Hreal/Hscheduled = 0 

Hreal=0)

10% of intervals cumulate

30% of the sum of delays

40% of  real intervals are 

shorter than scheduled ones

12% of real headways are nearly

equal to scheduled headways

12

%

12

%
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PASSENGER INDICATORS

Sunday, 10 February 2019 TRIPP, IIT Delhi 18
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Boarding Alighting

Sunday, 10 February 2019 19
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Passenger Load Indicators

Sunday, 10 February 2019 20

Passenger Variables Morning Off-peak Evening

Average Passenger Volume, Pavg 44 55 39

Coefficient of flow variation,
ηf=Pmax/Pavg

1.144 1.285 1.413

Coefficient of passenger exchange,
ηx=BL/(BL- Σ|bi – ai|) 1.019 1.031 1.023
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Passenger boarding per bus
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ISBT Kashmere

Gate

Akshardham Temple

Ashram
Andrews Ganj

Hargovind Enclave

AIIMS

Morning peak Off-peak

Evening peak

Low High
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Passenger alighting per bus
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Morning peak Off-peak

Evening peak

Anand Vihar

Terminal

ISBT Kashmere

Gate

Sarai Kale Khan 

ISBTAndrews Ganj
RK Puram

Shahadra Terminal

Ashram
Akshardham Temple

Low High
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In-vehicle passengers per bus
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Morning peak Off-peak

Evening peak

Akshardham Temple

Ashram
Andrews Ganj

Kalkaji

Low High
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Global Efficiency Indicator for 

Resilience Measurement

Robustness

Reliability

Recovery

Excess Capacity

Resourcefulness

Managing Index

Adaptability
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Assessment of  System resilience – Sample Mandl Swiss Network

15 nodes

21 links 

total demand of 15570 

passenger trips as 

average number of bus 

passengers per hour 

for peak time 

35 different Mandl Swiss Bus Networks

Node Disruption scenarios 

Example for network with 4 routes: 15 nodes
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Disruption Scenario

Modeling of  Networks

Transit Stop Disruption
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Dynamic Resilience
Space

Time

Stop NStop1 Stop2

Schedule
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Résilience dynamique
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Résilience dynamique
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Résilience dynamique
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www.ifsttar.fr

Perspectives

Projet TIGA sur la mobilité intelligente de Rennes Métropole 

Proposition de recherche sur la « Résilience du réseau multimodal »

Dépôt en Avril 2019.

Suite du projet INDIRA_B, projet franco-indien en construction

- partenaires académiques: IFSTTAR et IIT Delhi

- partenaires industriels : DIMTS et Bengalor ? RATP ? ???

- Recherche d’un partenaire industriel français !


