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Synthetic population generation

Demographic 
Population
and Census

INSEE : Individus localisés au canton-ou-ville en 20XX
(National Institute of Statistics and Economic Studies)

INSEE 2013
4,310,713 

IRIS: IRIS code of place of residence

Source : INSEE - fichier Individus (localisation au canton-ou-ville) 2013
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Synthetic population generation

Demographic 
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and Census
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Synthetic 
Population 
Generation

Fitness-based synthesis with 
multi-level control

https://github.com/josephkamel/SPGF2
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Synthetic population generation

Anonymized IRIS

304,525 over 4,310,713
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Synthetic population generation
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Activity chain allocation

Demographic 
Population
and Census

(PUMS)

Synthetic 
Agents with 
Daily Activity

Land Use 
Data

Transport 
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Random Travel Activity 
Chaining 

Synthetic 
Population 
Generation

5,637 Different activity chains
200 Common activity chains for 75% of persons
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Activity chain allocation
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Activity chain allocation
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Results – User Trust
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Results – Willingness to UseA  P O S T E R I O R I  A N S W E R
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SAV ongoing experimentations in France
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Autonomous electric van
Autonomous electric car
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Real-world case study
Rouen Normandie metropolitan area

 about 500,000 inhabitants 

 Recent transport survey (EMD 2017)

• 5,059 Households

• 11,107 Individuals (9,247)

• 38,146 Trips

• 30,342 Journey

• 929 Activity Chains

• 19 ones are common for 50%

• 124 ones are common for 75% 

(a) (b)
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Scenarios

1. Single ride (S1)

 Price : 0.5 € per kilometer

2. Ridesharing

 Price : 0.4 € per kilometer

 Vehicle capacities : 

o 2-seats small car (S2)

o standard 4-seats car (S3)

o 6-seats minivan (S4)

3. Rebalancing

 Cost flow minimization

4. Various fleet size (2.0 k to 6.0 k)
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 Fleet size 2000 2500 3000 3500 4000 4500 5000 5500 6000 
Scenario Mode          

S1- non-ridesharing           
 Car 59.3 58.8 58.5 58.3 58.0 57.7 57.6 57.4 57.5 
 Walk 28.3 28.3 28.2 28.2 28.2 28.2 28.2 28.1 28.1 
 SAV 3.1 4.4 5.3 6.0 6.5 6.9 7.2 7.5 7.6 
 PT 9.2 8.4 8.0 7.6 7.3 7.1 7.1 6.9 6.8 
S2- ridesharing 

(2-seats small car)           

 Car 59.1 58.8 58.5 58.3 58.1 57.8 57.7 57.8 57.7 
 Walk 28.3 28.3 28.3 28.2 28.2 28.3 28.3 28.2 28.2 
 SAV 3.8 4.6 5.2 5.9 6.3 6.5 6.7 6.9 7.0 
 PT 8.8 8.3 8.0 7.6 7.5 7.3 7.2 7.1 7.1 
S3- ridesharing 

(standard 4-seats car)           

 Car 58.9 58.7 58.3 58.1 58.0 57.9 57.8 57.7 57.7 
 Walk 28.3 28.3 28.3 28.3 28.3 28.3 28.3 28.3 28.3 
 SAV 4.0 4.6 5.3 5.9 6.0 6.4 6.6 6.8 6.8 
 PT 8.7 8.3 8.0 7.7 7.6 7.4 7.3 7.2 7.2 
S4- ridesharing 

(6-seats minivan)           

 Car 59.1 58.8 58.4 58.2 58.0 57.9 57.8 57.8 57.7 
 Walk 28.2 28.3 28.3 28.3 28.3 28.3 28.3 28.2 28.2 
 SAV 4.1 4.6 5.4 5.9 6.1 6.4 6.8 6.7 6.9 
 PT 8.6 8.3 7.9 7.6 7.5 7.4 7.3 7.2 7.1 

 

Results - Modal splits
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Total duration of in-service drive 
over total duration of all tasks

0 10 20 30 40 50 60 70 80 90 100

(a) S1 : non-ridesharing (c) S3 : ridesharing (standard 4-seats car) 
6000 0 0 1 2 7 28 51 77 86 86 70 59 60 67 67 66 70 75 73 60 54 31 14 4 6000 0 0 1 2 6 18 37 65 74 66 51 38 35 38 42 43 48 54 59 56 40 19 10 3

5500 0 0 1 3 9 32 59 82 94 95 74 63 67 76 79 72 75 78 80 75 64 40 18 5 5500 0 0 1 2 7 21 42 71 74 68 57 44 39 42 46 48 50 56 64 62 43 21 11 3

5000 0 0 1 3 9 33 64 79 96 97 76 64 71 84 84 81 80 83 82 76 64 37 17 5 5000 0 0 1 3 8 20 42 69 75 72 57 43 39 42 47 49 52 58 63 67 49 22 12 4

4500 0 1 1 4 10 37 65 86 100 99 79 67 74 83 83 82 86 88 89 81 73 45 20 5 4500 0 0 1 3 7 26 49 74 81 80 65 49 48 49 51 53 59 68 74 72 53 25 13 5

4000 0 0 1 4 11 39 66 86 100 99 86 70 80 88 91 86 85 90 92 82 76 43 21 7 4000 0 0 2 3 9 26 49 77 87 84 67 50 48 50 53 58 62 69 75 77 56 27 14 4

3500 0 0 2 4 12 45 73 89 100 99 81 69 81 88 91 86 86 88 92 82 78 49 26 8 3500 0 0 1 4 10 32 60 87 91 84 68 59 59 61 68 70 76 77 77 76 60 31 17 6

3000 0 0 1 4 15 48 72 92 100 98 78 75 85 92 92 85 82 79 86 80 75 48 26 9 3000 0 1 2 4 12 37 64 86 90 83 68 62 62 63 69 75 74 73 75 76 68 39 19 5

2500 0 1 2 5 15 53 77 92 98 78 61 70 77 80 82 79 75 66 64 65 74 52 30 10 2500 0 0 2 5 14 39 73 91 87 76 64 65 65 66 70 71 68 67 68 73 76 40 22 8

2000 0 1 2 5 15 51 68 90 81 31 28 44 59 53 52 52 47 38 23 26 35 32 25 7 2000 0 1 2 5 16 47 77 94 92 74 55 59 63 64 64 68 71 72 64 60 59 37 27 9

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

(b) S2 : ridesharing (2-seats small car) (d) S4 : ridesharing (6-seats minivan) 
6000 0 0 1 2 6 20 40 70 76 69 55 41 39 41 43 45 51 60 67 58 42 20 11 4 6000 0 0 1 2 7 19 38 67 74 65 53 40 38 39 40 43 48 54 59 60 44 19 10 4

5500 0 0 1 2 7 22 43 74 79 74 58 44 43 45 49 52 56 65 70 65 44 22 12 3 5500 0 0 1 2 7 21 41 69 74 68 55 44 40 41 44 46 51 59 65 61 43 20 11 4

5000 0 0 1 3 7 23 46 73 80 77 60 46 44 47 50 54 59 66 72 66 45 24 12 4 5000 0 0 1 3 7 23 43 71 76 73 59 44 42 44 46 48 54 64 70 67 47 22 11 4

4500 0 0 1 3 9 27 54 79 89 84 65 49 50 55 60 61 65 71 78 78 56 27 13 4 4500 0 0 1 3 8 25 49 77 81 78 63 52 47 48 51 54 59 67 72 68 49 25 15 4

4000 0 0 1 3 10 29 55 84 92 87 67 52 51 58 60 64 70 75 81 79 60 30 16 5 4000 0 0 1 4 10 28 53 79 84 82 66 55 53 54 59 61 64 71 76 72 55 26 14 4

3500 0 0 1 4 10 33 61 84 89 86 70 61 59 63 69 73 74 80 83 82 65 34 17 6 3500 0 1 1 4 10 34 61 83 91 87 70 62 59 59 66 69 72 75 77 75 63 31 17 5

3000 0 0 1 5 11 36 61 82 85 80 64 57 60 63 67 71 71 70 74 76 65 36 20 5 3000 0 0 2 4 10 35 67 89 90 83 69 63 63 65 71 71 72 73 78 81 68 38 20 6

2500 0 0 2 5 13 40 73 91 89 77 63 62 64 66 67 68 71 71 73 73 69 38 21 6 2500 0 1 2 4 13 41 68 85 82 72 61 58 62 62 64 69 70 67 67 73 68 38 21 7

2000 0 1 2 6 14 42 66 86 84 53 44 57 62 61 61 59 54 49 44 49 59 40 25 8 2000 0 1 3 6 15 46 75 97 94 67 52 62 68 69 68 69 68 66 59 63 63 42 26 7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Results - SAV fleet occupancy
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Best scenario - 3000 SAVs (standard 4setas car)
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SAEV

o 3000 standard 4-seats car

o Price : 0.4 € per kilometer

o Renault Zoe specification

o Battery capacities : 41 and 50 kWh

o Ride-sharing

o No rebalancing

1. CS placement

 Medium and long range

 Normal (22)Rapid charging (43)

2. BSS

 Medium and long range
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(a) (b)

(a) MCLP (b) P-Median
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Locating charging stations outside the areas with low parking availability 
employing P-Median optimization



Case studies

26

Normal charging
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Fast charging
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Battery swapping

20 units of battery swapping 
equipment (5 min of battery 
change)
o Up to 88-95% of initial 

in-vehicle PKT 
(unlimited-range SAV) 
may be achieved
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• Persons without any associated household

• Poor quality of OSM data (road network, land use)

• Many efforts to clean network file

• Missing GTFS for many big cities in France

Data preparation
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Paris Greater Area 
(Ile de France)

11,735,966
10000 SAVs 

10% population

Local Machine
CPU : Intel® Xeon® E5

8 threads
RAM: 32GBs DDR4

Time: 16 mins/Iter
(~360 iters 4 days)

Population 100%

Bullx supernode S6130 
CPU: Intel® Xeon® E7

88 threads 
RAM: 1TBs DDR4

Time: 7-8 hrs/Iter
(29 iters 9 days!!)

Paris
2,229,621
1700 SAVs 

Computation time

10% population

Local Machine
CPU : Intel® Xeon® E5

8 threads
RAM: 32GBs DDR4

Time: 6 mins/Iter
(~150 iters 20 hours)

Rouen
500,000
300 SAVs 
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• Such an approach requires essentially very fine-grained data as input, particularly synthetic 
population and activities or trip-chains of each individual. 

• Conducted survey and simulation results highlight the importance of considering user taste 
variation in multi-agent simulations.

• Activity-based travel demand modeling coupled with multi-agent simulation can provide 
required data with enough granularity to design Shared Mobility services and to assess its impacts 
in a multimodal network.

• The performances of SAVs and SAEVs are strongly correlated with the service configuration (fleet 
size, the strategy of the ride, rebalancing, charging station placement, etc.).

• The computational time is a big issue in multi-agent simulation of big cities (network size, 
population)
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Which policies to avoid modal shifts from public transportation to 
shared autonomous vehicles?



Thank you!
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