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Automated road transport systems: some economic insights 

 

Working document 

 

The purpose of this document is to provide some initial insights into the economic relevance 

of automated road transport systems, focusing on passenger transport. 

The approach adopted is to analyze economic relevance by comparing an automated solution 

with a non-automated solution for the same transport service, based on the difference in total 

costs of operation (TCO).  

(Note: In doing so, the proposed approach deliberately sets aside the economic analysis of the 

relevance of creating a sui generis transport service, given the known methodological 

difficulties in the transport sector, particularly in public transport, where economic benefits 

are largely non-market and not reflected in pricing). 

This approach is highly instructive, as it can provide answers to two types of question: what 

potential cost savings, for the same level of service, can be expected from automating an 

existing service? What improvement in the cost-benefit balance of a new transport service can 

be expected by using an automated solution? 

The approach adopted in this document was to develop a TCO model incorporating all the 

cost components, distinguishing them according to their cost driver, particularly those linked 

to fleet size (vehicle-related costs), and to isolate fixed costs. This approach makes it possible 

to identify returns to scale and the potential for pooling certain costs within a department or 

between departments (whether automated or not). In particular, the model is based on 

assumptions of mutualization (of remote intervention and intervention on routes), with other 

similar functions that may exist for non-automated public transport (supervision centers, field 

intervention teams, maintenance centers). 

The approach was developed with the automated public transport ecosystem, brought 

together within France Véhicules Autonomes (FVA - Groupe STPA - public transport). In 

summary, the TCO model and its cost drivers were built by the administration (DGITM), and 

the consensus on the order of magnitude of the costs came from the eco-system1 (the way the 

eco-system works, which deals with data aggregated over a medium-term horizon of 2030, 

ensures that the companies concerned, potentially competitors on these future markets, did 

not exchange data on their offer or their market prospects). 

In essence, the model developed makes it possible to clarify and document the simple idea 

that the relevance of these services depends on the trade-off between the vehicle driving costs 

and remote intervention and supervision costs. 

In particular, the model has highlighted the importance of automated system reliability 

assumptions and expected service level references. So, in summary, if we are aiming for high 

 
1 In the assumptions made in this document, the one relating to the cost of automated systems for private vehicles, 

such as robotaxis, is taken from references other than those produced by FVA/STPA. 
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levels of service (i.e. without significant service interruptions), then unsatisfactory levels of 

technical reliability of the systems (as is conceivable in a period of low technological maturity) 

will mean that remote or on-route intervention resources will be required to resolve service 

interruptions, which will severely penalize economic relevance. When technical reliability levels 

improve, the need for remote or on-route intervention resources diminishes, reducing TCOs of 

the automated service compared with the non-automated equivalent. Another contribution 

of the model is the identification of economies of scale made possible by the existence of fixed 

costs for setting up the service. 

This document is in three parts: 

• Firstly, it presents the structure of the TCO model and the main assumptions for forecast 

reference costs; in this respect, it details the statistical sub-model used to size remote and 

field intervention resources, depending on the expected level of service and the technical 

reliability of the systems (rate of functional2 failures in the face of certain traffic 

conditions). 

• Secondly, this document presents the results, and their dependence on the most 

significant assumptions: expected level of service and technical reliability of the systems 

(see above); additional cost of automation equipment; fixed cost of setting up the service. 

In this presentation of the results, the assumption of strict mutualization of the costs of 

remote service centers and field service is relaxed. 

• Finally, the document presents the application of the model to a stylized case, resulting 

from an initiative by the Collines du Perche Normand area, which is engaged in the design 

and evaluation of an automated3 service project, to be compared with an existing offer 

combining coach lines and transport on demand: In this section, the automated service is 

designed to match as closely as possible the level of service provided by the existing offer, 

and the TCO model is then applied; this section cannot therefore be considered strictly 

speaking as the economic evaluation of a service strategy for the area in question, but 

illustrates the question presented above: what potential for cost reduction can be 

expected from an automated system, subject to the expected levels of service and 

reliability? 

 
2 The term ‘functional deficiencies’ refers to the consequence and in particular to the need for system intervention to 

respond to the hazard, which the vehicle and its automated driving system alone are not capable of responding to, by 

remote intervention for the least critical hazards and by intervention on the ground otherwise. 
3 The territory of Collines du Perche Normand has kindly presented its case for the instantiation of the proposed 

model. This part of the document in no way commits the Collines du Perche Normand area to the evaluation or, a 

fortiori, to the decision to set up an automated transport service in its area of competence. 
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The results presented below should be regarded as exploratory, and do not commit either the 

players in the eco-system, the DGITM or the Collines du Perche Normand region to asserting 

the economic relevance of automated road transport solutions, especially as, as indicated in 

the introduction, they leave out important elements of the socio-economic balance sheet that 

are not strictly incorporated into market costs. 
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1. Cost model and main assumptions 

1.1. Principles for comparing automated and non-automated services 

The approach is based on the definition of a reference model and its associated costs in order 

to establish the cost differential of an automated road passenger transport service compared 

with an equivalent service without a driver on board. 

The notion of equivalent service is defined as an automated service offering the same service 

as a conventional road transport service, where, all other things being equal, the vehicles are 

automated and the team of drivers is replaced by a team of remote intervention operators 

and field operators. 

A service is generally characterized by, but not limited to, its type of use (e.g. transport on 

demand or public passenger transport on a regular line), its range of hours and frequency 

(where this exists), its commercial speed, the number of vehicles and their type (in particular 

the type of engine, their capacity, their type of consumption). 

The cost model is considered at the level of an equivalent department. It takes into account 

assumptions about the pooling of staff at department level in relation to cost drivers. However, 

the performance gains from resizing the service are not taken into account (for example, the 

possibilities offered by automation for allocating vehicles according to actual demand are not 

considered here). In addition to considering the cost of automating the vehicle fleet and the 

investment required to implement it, reasoning at service level means determining the 

operating gains for the overall service, including in particular the reduction in personnel costs 

compared with a conventional service with a driver.  

In summary, the costs to the operator are calculated on the basis of the cost differential 

involved in automating a fleet of vehicles, and the size of the remote and field intervention 

teams (additional) compared with the size of a team of drivers, for the same service provided 

to the user (service, frequency). 

1.2. 1.2 TCO model: cost items and drivers 

The TCO differential model can be presented simply and generically as follows            

Δ𝐶𝑒𝑥𝑝𝑙𝑜𝑖𝑡𝑎𝑛𝑡 = ∑ Δ𝐶𝑖𝑖  where 𝑖 designates each cost item. 

Thus, we have: Δ𝐶𝑒𝑥𝑝𝑙𝑜𝑖𝑡𝑎𝑛𝑡 =  ∑ 𝐶𝑖𝑖,𝑐𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑛𝑒𝑙  −  ∑ 𝐶𝑖𝑖,𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑠𝑎𝑡𝑖𝑜𝑛  (= ∑ Δ𝐶𝑖)𝑖  where i denotes each 

item of expenditure in the service. 

In the rest of the work, for simplicity's sake, the investment costs have been annualized with a 

depreciation period of 10 years for the automation and remote intervention systems (NB: this 

assumption is tantamount to considering that these systems can be ‘separated’ from the 

vehicles on the one hand, and from the remote supervision buildings on the other: only their 

additional cost is taken into account - and annualized over 10 years - in other words, the 

vehicles and buildings, for the part excluding automation and remote supervision, remain 

depreciated over their own lifespan). An assumption of depreciation over 5 years has also been 

tested, given the rapid functional obsolescence of these systems. 

The costs can then be grouped into the main families presented below, distinguished by their 

cost drivers. 
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Cost item 

(annualized) 

Scope / remark Cost driver 

Vehicle Vehicle-specific costs are assumed to be the same between the 

automated and non-automated solutions, with the only 

difference being the cost of automation (below). 

 

Automated 

vehicle system 

Automation software, robotics, sensors, connectivity. 

Depending on the size of the vehicle, the following distinctions 

are made: 

• M1-type vehicle (passenger car or urban shuttle) 

• M2/M3-type vehicle (12-meter type) 

• M2/M3-type vehicle (18-meter+ type) 

Costs are broken down into investment costs (amortized over 

a reference period) and software license costs and 

subscription fees for updates. 

Number of 

vehicles 

Initial 

implementation 

of the service 

The cost includes: 

- the cost of certification, 

- the cost of safety demonstration, 

- the implementation of remote intervention, 

- the qualification of remote intervention, 

- dry runs, 

- the investment cost of operations, including mapping, 

- the investment cost of connectivity and infrastructure. 

Fixed by service, a 

service as a sum of 

routes within a 

scope 

Vehicle 

maintenance 

Maintenance is considered as a percentage of the vehicle cost, 

and this percentage is fixed depending on whether the vehicle 

is automated or not; the maintenance cost of automated 

vehicles is therefore inherently higher than that of 

conventional vehicles, in proportion to the added automation 

cost integrated into them. 

Additionally, extra maintenance costs at the depot are 

considered (see below). 

Number of 

vehicles 

Specific 

maintenance at 

the depot 

Human cost surcharge corresponding to: 

-vehicle preparation 

-sensor cleaning 

-software and hardware checks 

-service opening route 

Number of 

vehicles 

Remote 

intervention 

The cost includes the intervention items as well as the cost of 

stationed personnel. 

The staffing requirements are determined using two 

approaches: 

- Flat-rate approach: the number of vehicles 'superviseable' by 

a stationed human is pre-defined (from 1 to 10 vehicles per 

supervisor) 

- Modeled approach: the number of stationed agents depends 

on the reliability of the automated systems (see section 1.4 

below detailing the statistical model for dimensioning remote 

and on-field intervention resources based on system 

reliability). 

Number of 

intervention 

posts, which 

depend on the 

number of 

vehicles (and 

assumptions 

about 

intervention rates 

or the reliability 

model). 

On-site 

intervention 

These costs represent the human resources (including 

transportation and equipment costs) mobilized when remote 

intervention is insufficient to resolve a functional failure and a 

human intervention must be delegated to the location where 

the functional failure caused the vehicle to stop. The duration 

of such an intervention (including travel) is pre-set. 

Number of 

vehicles (based on 

assumptions of 

intervention rates 

or the reliability 

model) 
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Onboard 

driving of 

vehicles 

These costs, which are avoided when the system is automated, 

consist of the cost of public transport drivers. 

Number of 

vehicles 

Remote 

intervention 

facilities 

These costs include the component related to the rental 

surcharge for the remote intervention team, which is assumed 

to be non-shared with the supervision teams.  

Number of 

remote 

intervention 

operators 

On-site 

intervention / 

vehicle 

maintenance 

facilities 

The additional cost applied to the maintenance facilities and 

the on-site team is considered marginal and zero in the model 

(existing maintenance depot and on-site team facilities). 

 

In the assumptions above, an important parameter lies in the sizing of the human resources 

required to staff a position, taking into account the service hours and working time regulations. 

At this stage, it has been considered that, for the same service hours in both automated and 

non-automated modes, three positions are needed to staff a driving, remote intervention, or 

on-site intervention post. 

1.3. Assumptions of unit costs 

The main assumptions of unit costs, derived from the prospective work of the ecosystem, are 

detailed below. The values used in the main evaluation are underlined; when ranges are 

provided, the boundaries of these ranges are used respectively to assess a variant of the TCO 

that is most favorable or most unfavorable to automated systems (versus conventional 

vehicles). 

Automated vehicle system 

(investment) 

• Vehicle M1 (private car): 50 000 €4 

• Vehicle M2 (including shuttle): 150 000 € 

Depreciation (annualization) 
Depreciation over 10 years [variant: 5 years] with constant annuities, 

without discount rate 

Automated vehicle system (license, 

subscription) 
12 000 € /year 

Initial implementation of the 

service 
Fixed cost of commissioning: 300 000 € 

Vehicle maintenance 10% of the vehicle cost (and its automated system) 

Specific maintenance at the depot 
1 hour per day per vehicle 

at the hourly wage (including taxes) = 1.0 * that of a driver 

Remote intervention 

Supervision position = 10,000 €/ year 

Hourly wage (including charges) = 1.25 times that of a driver 

Intervention time = 3 minutes 

On-site intervention 

Hourly wage (including taxes) = 1.5 * that of a driver, 

accounting for equipment and travel 

Intervention time = 30 minutes 

Onboard driving of vehicles Annual wage (including taxes) of a driver: 40,000 € / year 

Remote intervention facilities Remote intervention facilities = 5,000 € / year 

Vehicle maintenance facilities Assumption of shared facilities with existing teams 

 
4 This assumption does not result from the work of the FVA-STPA ecosystem, but from the analysis of 

DGITM sources (presented in the bibliography). 
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1.4. Remote intervention sizing model based on reliability 

The sizing of the remote and on-site intervention teams required is linked to the operation of 

the remote and on-site teams in relation to the functional failures of the vehicle fleet. In other 

words, the number of remote intervention operators and on-site operators depends on the 

management of vehicle fault reports. The assumptions are set out below: 

The fleet is supervised by a remote intervention team; in other words, each operator is capable 

of intervening on any vehicle. This is the principle of workforce sharing for the service. 

All functional failures that trigger a remote intervention request by the automated vehicle 

system are reported to the remote intervention center, regardless of whether the remote 

intervention operator is able to address the issue. The functional failure rate is thus broken 

down into a specific remote intervention rate (dominant) and a rate requiring on-site 

intervention (which only concerns a subset of the functional failures). Remote intervention is 

responsible for receiving all functional failures (requests) from the vehicles and assigning a 

portion of them to on-site intervention when a remote action is insufficient. 

Each remote intervention team consists of at least two agents, following the safety principle: 

as soon as one agent is dedicated to addressing a functional failure on a vehicle, they abandon 

supervision of the rest of the fleet in favor of the second agent. If a second vehicle experiences 

a functional failure during the intervention on the first vehicle, the service is either interrupted 

for the duration of the first vehicle’s functional failure treatment, or the team must include an 

additional agent. This approach leads to a form of trade-off between service level and remote 

intervention resources: the more remote operators there are, the lower the probability of 

having to interrupt the service to handle multiple vehicles experiencing functional failures 

simultaneously. This has led to the development of a probabilistic model below, parameterized 

by the intervention times, both remote and on-site. 

This leads, with this model, to establishing a link between the sizing of the remote (or on-site) 

intervention team and the functional reliability level of the service (distinct from the reliability 

of the ADS system of each vehicle). Compared to a conventional service, the desired functional 

reliability level of the service is interpreted as the share (permissible) of the nominal service 

time during which the vehicles are not operating. 

Thus, the proposed model allows, based on assumptions about the number of vehicles, the 

functional failure rate of their automation system, and the desired functional reliability level 

of the service, to determine the number of remote intervention operators needed to ensure 

this functional reliability level. This corresponds to the share of the nominal operating time 

during which the fleet must be temporarily halted, with all operators being simultaneously 

engaged in addressing functional failures of the vehicles. Based on the number of operators 

calculated by the model, the TCO gap with the conventional service is then calculated. 

In the proposed approach, remote intervention is considered a specific task requiring specific 

skills, which aligns with the regulatory framework that requires specific authorization and 

qualification. This assumption leads to the conclusion that the sharing of remote intervention 

resources with supervision teams for non-automated services is not possible, under the base 

assumption. 
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A comparable approach is applied to on-site intervention resources, depending on whether 

the skills are considered 'generic' and shareable with other services requiring on-site 

interventions, or 'specific' (i.e., specialized and qualified). For on-site interventions, the central 

assumption is that these resources are specific, which prevents sharing with existing on-site 

and maintenance teams, leading to a need for a fixed number of stationed personnel. In a 

variant, these skills are considered generic, and thus shareable with teams assigned to other 

services. In this case, the need for on-site intervention agents is expressed in terms of full-time 

equivalent positions. 

In summary, the assumptions regarding the sharing of resources are as follows: 

Central assumptions: 

- Remote intervention and supervision resources are non-shareable 

- On-site intervention resources are non-shareable 

Variant: On-site intervention resources are shareable 

Thus, in summary, the model allows for sizing the number of remote operators based on the 

size of the supervised fleet, assuming that the system is operational as long as the number of 

vehicles experiencing functional failures (i.e., requesting remote intervention) is strictly less 

than the number of remote intervention operators, and that the service is suspended as soon 

as all remote intervention operators are engaged in addressing a vehicle's issue. In other words, 

the service is suspended when the number of vehicles needing remote intervention equals the 

number of remote intervention operators. The acceptable rate of situations where the service 

must be suspended is parameterized; it is interpreted as the service level defined by the 

operator and/or service organizer. Once set (and depending on the functional failure rates of 

automated systems), this service level allows for determining the number of remote 

intervention operators and, based on assumptions about the proportion of functional failures 

requiring on-site intervention, the number of on-site agents needed. 

The model is therefore fundamentally based on the probability of having a number of vehicles 

out of service within the fleet equal to the number of remote intervention operators. This 

probability should never exceed the threshold derived (considering the intervention times to 

resolve functional failures) from the desired service level set by the operator or service 

organizer. 
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2. Results 

The tables below present the results obtained for the generic parameters presented in section 

1.3, with and without the sharing of remote intervention and maintenance facilities. The results 

are presented as a deviation (in percentage) compared to the cost of a conventional service, 

considering a fleet of 10 vehicles and a 10 km route, at the following base prices: 

• Vehicle M1 (private car): 100 000 € 

• Vehicle M1/M2 (shuttle type): 250 000 € 

• Vehicle M2/M3 - 12-meter type: 500 000 € 

• Vehicle M2/M3 - Type 18 meters and above: 750 000 € 

2.1. Simplified model: parameterization of the number of vehicles per operator 

The tables below present the TCO deviations between an automated and a non-automated 

system, based on the number of vehicles superviseable per remote operator on one hand, and 

the number of vehicles manageable by an on-site operator on the other hand. 

TCO differential (in %) between automated and non-automated service for passenger vehicles 

                                                                               Number of vehicles manageable by an on-site operator ↓ 

Number of vehicles superviseable by a remote operator 

↓ 1 2 3 4 5 6 7 8 9 10 

1 172 112 91 81 75 71 68 66 65 63 

2 117 56 36 26 20 16 13 11 9 8 

3 98 38 17 7 1 -3 -6 -8 -10 -11 

4 89 28 8 -2 -8 -12 -15 -17 -19 -20 

5 83 23 3 -8 -14 -18 -21 -23 -24 -26 

6 80 19 -1 -11 -17 -21 -24 -26 -28 -30 

7 77 16 -4 -14 -20 -24 -27 -29 -31 -32 

8 75 14 -6 -16 -22 -26 -29 -31 -33 -34 

9 73 13 -7 -17 -24 -28 -30 -33 -34 -36 

10 72 12 -9 -19 -25 -29 -32 -34 -36 -37 

TCO differential (in %) between automated and non-automated service for shuttles 

                                                                               Number of vehicles manageable by an on-site operator ↓ 

Number of vehicles superviseable by a remote operator 

↓ 1 2 3 4 5 6 7 8 9 10 

1 155 104 87 79 74 70 68 66 65 64 

2 108 58 41 33 28 24 22 20 19 17 

3 93 42 26 17 12 9 6 5 3 2 

4 85 35 18 10 4 1 -1 -3 -5 -6 

5 81 30 13 5 0 -4 -6 -8 -9 -10 

6 77 27 10 2 -3 -7 -9 -11 -12 -13 

7 75 25 8 0 -5 -9 -11 -13 -14 -16 

8 74 23 6 -2 -7 -10 -13 -15 -16 -17 

9 72 22 5 -3 -8 -12 -14 -16 -17 -18 

10 71 21 4 -4 -9 -13 -15 -17 -18 -20 
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TCO differential (in %) between automated and non-automated service for 12m buses 

                                                                              Number of vehicles manageable by an on-site operator ↓ 

Number of vehicles superviseable by a remote operator 

↓ 1 2 3 4 5 6 7 8 9 10 

1 121 81 68 62 58 55 53 52 51 50 

2 85 45 32 25 22 19 17 16 15 14 

3 73 33 20 13 10 7 5 4 3 2 

4 67 27 14 7 3 1 -1 -2 -4 -4 

5 63 24 10 4 0 -3 -5 -6 -7 -8 

6 61 21 8 1 -3 -5 -7 -8 -10 -10 

7 59 19 6 0 -4 -7 -9 -10 -11 -12 

8 58 18 5 -2 -6 -8 -10 -11 -13 -13 

9 57 17 4 -3 -7 -9 -11 -12 -14 -14 

10 56 16 3 -3 -7 -10 -12 -13 -14 -15 

TCO differential (in %) between automated and non-automated service for vehicles 18m+ 

                                                                              Number of vehicles manageable by an on-site operator ↓ 

Number of vehicles superviseable by a remote operator 

↓ 1 2 3 4 5 6 7 8 9 10 

1 99 67 56 51 47 45 44 42 42 41 

2 69 37 26 21 18 16 14 13 12 11 

3 60 27 16 11 8 6 4 3 2 1 

4 55 22 11 6 3 1 -1 -2 -3 -4 

5 52 19 9 3 0 -2 -4 -5 -6 -7 

6 50 17 7 1 -2 -4 -6 -7 -8 -9 

7 48 16 5 0 -3 -6 -7 -8 -9 -10 

8 47 15 4 -1 -5 -7 -8 -9 -10 -11 

9 46 14 3 -2 -5 -8 -9 -10 -11 -12 

10 46 13 3 -3 -6 -8 -10 -11 -12 -12 



11 

 

2.2. Supervision sizing model based on reliability 

The sizing model for remote intervention teams is based on the consideration of two 

parameters: 

• one related to the operation, which refers to the level of service, i.e., the share of system 

downtime tolerated during the operating time; 

• the other related to the vehicle's performance, which refers to the rate of functional 

failures, i.e., requests requiring external intervention to the vehicle. 

Each request reported to the remote intervention center is assumed to be handled by an 

operator and requires a fixed average duration of their working time, during which they are 

fully dedicated to the target vehicle. 

Based on the assumptions outlined in section 1.4, the goal is to determine the minimum 

number of operators in the remote intervention team needed to supervise a fleet of vehicles 

with a fixed performance level (linked to the hourly rates of functional failures) while meeting 

the service level objectives of the operation. 

As a reminder: 

• The rate of requests that can be handled solely through remote intervention is considered 

predominant (= 95% in the central hypothesis), with the remainder (5% in the central 

hypothesis) requiring, in addition to remote intervention, an on-site intervention; 

• The decision time for assigning requests by the remote intervention center to either 

remote or on-site intervention is considered negligible; in other words, only the time 

actually spent responding to the request is taken into account. 

It is then considered that the number of remote intervention operators required to supervise 

a fleet of vehicles depends on the set of parameters: 

[service level, hourly rate of functional deficiencies, intervention duration.]  

Respond to the following requirement: 

The probability of having a number of vehicles in simultaneous requests equal to the number of 

operators in the remote intervention team is below the threshold defined by the service level of 

the operation. 

The determination of the probability distribution and the calculation of the associated 

probability are presented in appendix 1. 

The results take into account the assumptions related to the sharing of resources (1.4.). 

For the set of central assumptions: 

• Remote intervention and supervision resources are non-shared. 

• On-site intervention resources are non-shared 

For the variant: 

• Field intervention resources are shareable 
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In this case, the number of field operators is calculated directly from the field intervention 

failure rate (5% of the overall failure rate) and the field intervention duration (30 minutes). 

TCO difference (in %) between automated and non-automated service based on the number of remote and field 

intervention operators for each vehicle type considered, calculated based on the tolerated service limit and the 

failure rate for the central assumptions of remote intervention duration = 3 minutes and field intervention = 30 

minutes for a fleet of 10 shuttle-type vehicles. 

Tolerated 

service failure 

limit 

(1-F) 

Hourly rate of 

functional 

deficiencies 

Number of 

remote 

intervention 

operators 

Number of 

field 

intervention 

operators 

𝚫𝐓𝐂𝐎 (%) 

Shuttle 

without 

pooling 

𝚫𝐓𝐂𝐎 (%) 

Shuttle with 

pooling 

10−4 

1 

4 3 +28% +1% 

10−3 3 3 +19% -9% 

10−2 2 2 +0% 

-18% 10−1 2 1 -10% 

10−4 

10−1 

2 2 +0% 

10−3 2 1 

-10% -20% 

10−2 2 1 

10−1 2 1 

10−4 

10−2 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

10−4 

10−3 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

The results obtained for the other types of vehicles considered in the analysis are presented in appendix 

2. 

The table below presents a summary of the results obtained for the four types of vehicles 

considered without the pooling of field intervention staff. In this case, the probabilistic model 

determines the number of remote intervention operators and the number of field intervention 

operators. 

TCO difference (in %) between automated and non-automated service based on the number of remote intervention 

operators and field intervention operators for each of the vehicle types considered. 

Number of remote 

intervention operators 

ΔTCO (%) 

Passenger vehicle 

ΔTCO (%) 

Shuttle  

ΔTCO (%) 

Bus 12 m 

ΔTCO (%) 

Bus 18 m + 

4 

(and 3 field operators) 
+19% +28% +22% +18% 

3 

(and 3 field operators) 
+9% +19% +15% +12% 

2 

(and 2 field operators) 
-13% +0% +0% +0% 

2 

(and 1 field operators) 
-24% -10% -8% -7% 
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The table below presents a summary of the results obtained for the four types of vehicles considered 

with the mutualization of ground intervention staff. In this case, the probabilistic model determines the 

number of remote intervention operators, and the number of ground intervention operators is calculated 

as the additional staff required, directly based on the product of the ground functional failure rate and 

the intervention duration. 

TCO deviation (in %) between automated and non-automated service based on the functional failure rate, the 

number of remote intervention operators for each type of vehicle considered 

Hourly rate of 

functional 

failures 

Number of 

remote 

intervention 

operators 

ΔTCO (%) 

Passenger 

vehicle 

ΔTCO (%) 

Shuttle 

ΔTCO (%) 

Bus 12 m 

ΔTCO (%) 

Bus 18 m + 

1 

4 -12% +1% +1% +0% 

3 -22% -9% -7% -5% 

2 -33% -18% -14% -11% 

10−1 2 -35% -20% -16% -13% 

10−2 2 -35% -20% -16% -13% 

10−3 2 -35% -20% -16% -13% 

 

 



14 

 

3. Application to the stylized case inspired by the Collines du Perche Normand project 

The Communauté de Communes des Collines du Perche Normand is made up of 16 

municipalities and has a population of over 12,000 inhabitants (INSEE 2019). The area is located 

in the southeast of the Orne department and the Normandy Region, in the Pays du Perche 

Ornais, about 1.5 hours from the Paris region. 

The Perche Normand is at the heart of the influence zones formed by the urban areas of Le 

Mans (200,000 inhabitants, 20 km to the east), Nogent-le-Rotrou (12,000 inhabitants, 15 km to 

the north), Mortagne-au-Perche (5,000 inhabitants, 15 km to the north), and La Ferté-Bernard 

(10 km to the east). 

The Community of Communes of the Collines du Perche Normand is at the heart of the Perche, 

a region with preserved natural heritage, forming a rather rural area. Most of the communes 

are located within the territory of the Perche Regional Natural Park, which is dedicated to the 

preservation and enhancement of heritage, giving the area a strong tourist vocation. 

Figure 1: Territory of the community of Communes of the Collines du Perche Normand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Communauté de communes organizes the mobility of its residents and in November 2024 

published a Simplified Mobility Plan, the fruit of a structured and collaborative process that 

resulted in an operational document. 

The study of this area and its mobility habits serves as a real-world example to test the 

economic model presented in the document. 
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Annex 3 presents a summary of the mobility diagnosis carried out by the Communauté de 

communes and published in February 2024, which forms the basis of this analysis. 

The mobility offer provided in the area is as follows. The plan includes both offers of transport 

organized by the region (particularly the Normandy region via the Nomad network) and the 

transport organized by the Communauté de communes, referred to as "community transport," 

identified by a transport-on-demand service organized to complement the Nomad network. 

The Communauté de communes has two solutions to make its transport system more efficient, 

such as: 

• to propose the automation of a regular transport line on its territory; 

• to create two additional transport lines operated by automated vehicles to connect 

the northern and southern areas (solution proposed by the mobility strategy in 

response to the territory's challenges). 

In the case of automating one of the two existing regular transport lines, the following set of 

assumptions is considered for 10 vehicles in operation: 

Automated vehicle system 

(investment)) 

• Vehicle M1 (PV): 50 000 €  

The base vehicle price is set à 150 000 € 

Automated vehicle system 

(licenses, subscriptions) 
12 000 € 

Initial implementation of the 

service 
300 000 € 

Vehicle maintenance 10% the cost of the vehicle (and its automated system) 

Specific maintenance at 

depot 

1 h per day per vehicle 

at the hourly wage (including taxes) = 1.0 * that of a driver 

 

Remote intervention 

Supervision position = 10,000€ / year 

Hourly wage (including taxes) = 1.25 times that of a driver 

Intervention time = 3 min 

Field intervention 
Hourly wage (including taxes) = 1,5 of a driver 

Intervention time = 30 min 

On-board driving of vehicles The annual salary of a driver (including taxes): 40,000 € 

Remote intervention facilities Remote intervention premises = 5,000 € / year 

Vehicle maintenance facilities Assumption of shared premises 

We consider the table obtained in 2.2 based on the following variable parameters: 

• the level of service (reliability) expected in- operation (F); 

• the hourly rate of functional deficiencies (requests) (x); 

• the proportion of remote intervention functional deficiencies set at 95%. 
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In the case of automating a new on-demand transport line, this time a shuttle-type vehicle is 

considered, all other factors remaining equal, for 10 vehicles in operation: 

Tolerated 

service failure 

limit 

(1-F)  

Hourly rate of 

functional 

insufficiencies 

Number of 

remote 

intervention 

operators 

Number of on-

site 

intervention 

operators 

𝚫𝐓𝐂𝐎 (%) 

Shuttle 

without 

pooling 

𝚫𝐓𝐂𝐎 (%) 

Shuttle with 

pooling 

10−4 

1 

4 3 +28% +1% 

10−3 3 3 +19% -9% 

10−2 2 2 +0% 

-18% 10−1 2 1 -10% 

10−4 

10−1 

2 2 +0% 

10−3 2 1 

-10% -20% 

10−2 2 1 

10−1 2 1 

10−4 

10−2 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

10−4 

10−3 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

 

  

Tolerated 

service failure 

limit 

(1-F)  

Hourly rate of 

functional 

insufficiencies 

Number of 

remote 

intervention 

operators 

Number of on-

site 

intervention 

operators 

𝚫𝐓𝐂𝐎 (%) 

PV without 

pooling 

𝚫𝐓𝐂𝐎 (%) 

PV with 

pooling 

10−4 

1 

4 3 +19% -12% 

10−3 3 3 +9% -22% 

10−2 2 2 -13% 

-33% 10−1 2 1 -24% 

10−4 

10−1 

2 2 -13% 

10−3 2 1 

-24% -35% 

10−2 2 1 

10−1 2 1 

10−4 

10−2 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

10−4 

10−3 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 
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Appendix 1: Intervention resource model based on system reliability 

Economic profitability is sensitive to the following parameters: (𝑁𝑣 , 𝑁𝑖𝑎𝑑 , 𝑁𝑡), 𝑁𝑣 being an input 

parameter set by the operator 𝑁𝑖𝑎𝑑 , 𝑁𝑡 being determined by the rate of requests for remote 

and on-site interventions for each vehicle. 

𝑁𝑖𝑎𝑑  and 𝑁𝑡 can be considered as input data, corresponding to the sizing of the remote and on-

site intervention teams with the goal of achieving economic profitability. However, a simplified 

approach does not take into account potential constraints on the operated system, nor the 

capacity limits of the operators themselves. 

This section thus focuses on determining, through a statistical approach, the number of remote 

intervention operators and the number of on-site intervention operators required based on 

the system's performance, particularly the number of hourly intervention requests for the fleet 

(both remote and on-site). 

In other words, determining the number of intervention operators (remote and on-site) based 

on the system's performance level amounts to determining the system's performance 

threshold to achieve economic profitability. 

Nota bene: In this analysis, we do not focus on the psychological aspects related to the 

concept of cognitive load for remote intervention operators. Studies on cognitive load and 

exceeding human response capabilities show that the cognitive limit is between 5 and 9 

vehicles operated simultaneously. It will thus be assumed that the model is realistic as long as 

the number of vehicles per remote operator does not exceed these thresholds. 

3.1. Details of the cost equation 

The cost equation of the model representing the economic profitability of an automated 

passenger road transport service, compared to an equivalent conventional service (with 

drivers), based on cost differentials, is as follows: 

Δ𝐶𝑒𝑥𝑝𝑙𝑜𝑖𝑡𝑎𝑛𝑡 = ∑ Δ𝐶𝑖𝑖  where 𝑖 designates each differentiated cost item. 

Another equivalent approach would have been to consider all the costs of each service and 

determine the cost differential obtained, an approach favored by the industrial sector. The 

cross-checking of both approaches was carried out to ensure the reliability of the results. 

In this case, we translated: Δ𝐶𝑒𝑥𝑝𝑙𝑜𝑖𝑡𝑎𝑛𝑡 =  ∑ 𝐶𝑖𝑖,𝑐𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑛𝑒𝑙  −  ∑ 𝐶𝑖𝑖,𝑎𝑢𝑡𝑜𝑚𝑎𝑡𝑖𝑠𝑎𝑡𝑖𝑜𝑛  (= ∑ Δ𝐶𝑖)𝑖  where i 

designates each cost item of the service. 

In the following work, the reasoning was annualized.: 

• Investments are indexed to a fixed investment rate 

• Operating costs are considered per year of activity (operation), excluding human 

costs5 ; 

Human costs correspond to the cost difference caused by the removal of drivers and the 

creation of remote intervention operators and field operators positions. 

 
5 Additional human costs are not included in operating costs for clarity of cost factors. 
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In particular, human costs are indexed to the gross annual salary of a driver, to which a ratio is 

applied that takes into account the qualification level of the remote intervention operator and 

the field operator, relative to the driver. On average, it is considered that: 

• a remote intervention operator has a higher qualification level than a driver, notably 

due to the requirement for general and specific training related to the operated 

system, in addition to the obligation to hold a driving license for the category of 

vehicles operated, as defined by the decree of August 2, 2022, regarding the 

certification of remote intervention, which results in higher compensation than that of 

a driver; 

• a field intervention operator has a qualification comparable to or slightly higher than 

that of maintenance technicians at operational centers, meaning their compensation 

is lower than that of a driver; 

• an additional theoretical maintenance activity equivalent to 1 hour per day per vehicle, 

considering the need for vehicle preparation before the start of service, is required; 

• the driver is eliminated, representing a gain for the operation. 

Then, Δ𝐶𝑒𝑥𝑝𝑙𝑜𝑖𝑡𝑎𝑛𝑡 = Δ𝐶𝑖𝑛𝑣𝑒𝑠𝑡𝑖𝑠𝑠𝑒𝑚𝑒𝑛𝑡 (𝑖𝑛𝑣𝑒𝑠𝑡) + Δ𝐶𝑓𝑜𝑛𝑐𝑡𝑖𝑜𝑛𝑛𝑒𝑚𝑒𝑛𝑡 (𝑓𝑜𝑛𝑐𝑡) + Δ𝐶ℎ𝑢𝑚𝑎𝑖𝑛 (ℎ𝑢𝑚)  

In the rest of the document, Δ𝐶 denotes the cost differentials related to an expenditure item 

(macro), and 𝛿𝐶 denotes the unit cost differentials (for vehicles, in particular). 

• Δ𝐶𝑖𝑛𝑣𝑒𝑠𝑡 = Δ𝐶𝑚𝑎𝑡é𝑟𝑖𝑒𝑙 𝑟𝑜𝑢𝑙𝑎𝑛𝑡 + Δ𝐶𝑚𝑖𝑠𝑒 𝑒𝑛 𝑜𝑒𝑢𝑣𝑟𝑒  

                 = 𝑑𝑖 ⋅ (𝑁𝑣 ⋅ 𝛿𝐶𝑣𝑒ℎ + 𝐶𝑚𝑖𝑠𝑒 𝑒𝑛 𝑜𝑒𝑢𝑣𝑟𝑒) where 𝑑𝑖 Investment duration 

• Δ𝐶𝑓𝑜𝑛𝑐𝑡 = Δ𝐶𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒6 + Δ𝐶𝑝𝑜𝑠𝑡𝑒 + Δ𝐶𝑑𝑖𝑣𝑒𝑟𝑠 

                = 𝑁𝑣 ⋅ 𝑟𝑚 ⋅ 𝛿𝐶𝑣𝑒ℎ + 𝑁𝑖𝑎𝑑 ⋅ 𝐶𝑝𝑜𝑠𝑡𝑒 + 𝑁𝑣 ⋅ 𝐶𝑑𝑖𝑣𝑒𝑟𝑠  

where 𝑁𝑣 number of vehicles, 𝑁𝑖𝑎𝑑  number of remote intervention operators 

• Δ𝐶ℎ𝑢𝑚 = Δ𝐶𝑐𝑜𝑛𝑑 + Δ𝐶𝑖𝑎𝑑 + Δ𝐶𝑡𝑒𝑟𝑟𝑎𝑖𝑛 + Δ𝐶𝑎𝑐𝑡𝑖𝑣𝑖𝑡é 𝑠𝑢𝑝𝑝𝑙é𝑚𝑒𝑛𝑡𝑎𝑖𝑟𝑒  

The salary levels of remote intervention and field intervention personnel are considered as a 

cost expressed as: 𝐶𝑜𝑝 = 𝑟𝑜𝑝 ⋅ 𝐶𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑒𝑢𝑟 (𝑐𝑜𝑛𝑑) où 𝑟𝑜𝑝 qualification ratio of operators compared to 

the driver. 

Furthermore, an additional theoretical maintenance activity of 1 hour per day per vehicle is 

considered, taking into account the vehicle preparation needs before the service starts. The 

vehicle preparation task is currently the responsibility of the driver, with a remuneration level 

equivalent to that of a driver. Therefore, an hourly maintenance cost per vehicle is considered, 

corresponding to: 

𝐶𝑠𝑢𝑝 =
1

𝑇𝑗
⋅ 𝐶𝑐𝑜𝑛𝑑 où 𝑇𝑗 daily working time of an operator 

 
6 Vehicle maintenance refers to the additional maintenance required for the automated driving 

system and vehicle sensors. In terms of costs, it is calculated as the additional maintenance 

and update cost related to the additional cost of the vehicle (attributed to the automated 

driving system and sensors). 
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Finally, the sizing of human teams depends on the ratio between the total daily operating time 

and the duration of the working time for a human shift. Thus, we introduce 𝛼 (𝛼 > 1) as the 

number of humans (full-time equivalents) required per vehicle (or per position) over the total 

daily operating time. 

So we have: 

Δ𝐶ℎ𝑢𝑚 = 𝛼 [−𝑁𝑣 ⋅ 𝐶𝑐𝑜𝑛𝑑 + 𝑁𝑖𝑎𝑑 ⋅ 𝑟𝑖𝑎𝑑 ⋅ 𝐶𝑐𝑜𝑛𝑑 + 𝑁𝑡 ⋅ 𝑟𝑡 ⋅ 𝐶𝑐𝑜𝑛𝑑 + 𝑁𝑣 ⋅
1

𝑇𝑗
⋅ 𝐶𝑐𝑜𝑛𝑑]  

where 𝑁𝑣 number of vehicles, 𝑁𝑖𝑎𝑑  number of remote intervention operators, 𝑁𝑡 Number of 

field operators. 

Sensitivity to the number of service operators (remote and field intervention) 

In this equation, two variables appear: 𝑁𝑖𝑎𝑑  and  𝑁𝑡. 

The first approach involves determining the pair (𝑁𝑖𝑎𝑑 , 𝑁𝑡) that ensures at least economic 

balance and, at best, economic profitability. 

We consider that 𝑁𝑖𝑎𝑑 =
𝑁𝑣

𝑁𝑖𝑎𝑑,𝑢
 and  𝑁𝑡 =

𝑁𝑣

𝑁𝑡,𝑢
 where 𝑁𝑖𝑎𝑑,𝑢, 𝑁𝑡,𝑢 are the numbers of vehicles assigned 

respectively to a remote intervention operator and a field operator. 

The determination of the pair (𝑁𝑖𝑎𝑑 , 𝑁𝑡) actually depends on the pair                                      

(𝑁𝑖𝑎𝑑,𝑢, 𝑁𝑡,𝑢). 

Sensitivity to fleet size 

What does not directly appear in the results is the sensitivity to the number of vehicles in the 

fleet, which makes sense when we focus on the comparison between use cases characterized 

by different fleet sizes. 

Although the fleet size is fixed at the service level, determining which use cases will yield the 

best economic profitability is a market challenge. 

Indeed, the economic balance is achieved for Δ𝐶𝑒𝑥𝑝𝑙𝑜𝑖𝑡𝑎𝑛𝑡 < 0 that is when: 

𝑑𝑖 ⋅ (𝑁𝑣 ⋅ 𝛿𝐶𝑣𝑒ℎ + 𝐶𝑚𝑖𝑠𝑒 𝑒𝑛 𝑜𝑒𝑢𝑣𝑟𝑒) +  𝑁𝑣 ⋅ 𝑟𝑚 ⋅ 𝛿𝐶𝑣𝑒ℎ + 𝑁𝑖𝑎𝑑 ⋅ 𝐶𝑝𝑜𝑠𝑡𝑒 + 𝑁𝑣 ⋅ 𝐶𝑑𝑖𝑣𝑒𝑟𝑠

+  𝛼[𝑁𝑖𝑎𝑑 ⋅ 𝑟𝑖𝑎𝑑 ⋅ 𝐶𝑐𝑜𝑛𝑑 + 𝑁𝑡 ⋅ 𝑟𝑡 ⋅ 𝐶𝑐𝑜𝑛𝑑] + 𝑁𝑣 ⋅
1

𝑇𝑗

⋅ 𝐶𝑐𝑜𝑛𝑑 < 𝛼 ⋅ 𝑁𝑣 ⋅ 𝐶𝑐𝑜𝑛𝑑  

In the equation above, the most significant cost factors are identified in blue, corresponding 

to the expense items related to remote and on-site intervention for automation, and to the 

driver position in the other case. 

In simplified terms, economic profitability is primarily dependent on the balance between the 

two terms (𝑁𝑖𝑎𝑑 ⋅ 𝑟𝑖𝑎𝑑 ⋅ 𝐶𝑐𝑜𝑛𝑑 + 𝑁𝑡 ⋅ 𝑟𝑡 ⋅ 𝐶𝑐𝑜𝑛𝑑 ,  𝑁𝑣 ⋅ 𝐶𝑐𝑜𝑛𝑑). 

Considering that 𝑟𝑖𝑎𝑑 ⋅ 𝐶𝑐𝑜𝑛𝑑  ≈ 𝑟𝑡 ⋅ 𝐶𝑐𝑜𝑛𝑑 ≈ 𝐶𝑐𝑜𝑛𝑑 at the scale of the global equation, the balance 

partly depends on the pair (𝑁𝑖𝑎𝑑 + 𝑁𝑡 ,  𝑁𝑣), or equivalently on the pair (𝑁𝑖𝑎𝑑,𝑢 + 𝑁𝑡,𝑢,  𝑁𝑣). 

In other words, the number of vehicles in the fleet has an impact on the profitability of the 

service compared to a conventional service, and the service will be more profitable as𝑁𝑖𝑎𝑑 + 𝑁𝑡 

<< 𝑁𝑣. 
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From these initial results, it appears that the triplet (𝑵𝒗, 𝑵𝒊𝒂𝒅, 𝑵𝒕) is a key factor in the cost 

equation. 

3.2. Assumptions derived from the regulatory framework 

Mathematical modeling requires defining the working assumptions, particularly those related 

to the design of the team of remote intervention operators in managing a fleet of vehicles. 

Let there be a fleet of 𝑁𝑣 vehicles, operated by 𝑁𝑖𝑎𝑑  remote intervention operators. 

Decree No. 2021-443 of April 14, 2021, stipulates that any person authorized to carry out 

remote intervention missions is criminally responsible for their interventions or lack of 

intervention, particularly for offenses resulting from a vehicle maneuver.  

The principle under which a team of remote intervention operators operates on a fleet is as 

follows: remote operators work as a team on the entire fleet. 

 

 

 

 

 

When a remote operator is called upon by one of the vehicles, the scheme becomes: 

 

 

 

 

 

We then have 𝑁𝑣 − 1 vehicles, operated by 𝑁𝑜𝑝,𝑟 − 1 remote intervention operators. If a 

second remote operator is called upon by another vehicle, we then have: 

 

 

 

 

 

We then have 𝑁𝑣 − 2 vehicles, operated by𝑁𝑜𝑝,𝑟 − 2 remote intervention operators. 

The system operates until a critical threshold is reached when the number of vehicles in 

requests exceeds the number of remote intervention operators. Determining the number of 

remote intervention operators thus involves finding the probability of having more than 𝑁𝑖𝑎𝑑  

vehicles in requests among the 𝑁𝑣 vehicles in the fleet. 

1 2 

𝑂𝑝1 𝑂𝑝𝑛  … 

𝑁𝑣 𝑁𝑣 − 1 … 

… 

1 2 𝑁𝑣 − 1 𝑁𝑣 − 2 … 

𝑂𝑝1 𝑂𝑝𝑛−1 𝑂𝑝𝑛 

𝑁𝑣 

1 2 𝑁𝑣 − 2 𝑁𝑣 − 3 … 

𝑂𝑝1 𝑂𝑝𝑛−2 𝑂𝑝𝑛−1 

𝑁𝑣 − 1 

… 𝑂𝑝𝑛  

𝑁𝑣 
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We also consider two assumptions: 

• The number of remote intervention operators is less than (or equal to) the number of 

vehicles in the fleet and cannot be fewer than 2; 

• The operator defines a system reliability rate, which is the rate of complete system 

shutdown during operation, reached when all remote intervention operators are 

engaged by a vehicle. 

Nota bene regarding the maximum number of remote intervention operators:  

• The decree of August 2, 2022, concerning the qualification for remote intervention 

specifies the existence of a remote intervention operator and a supervisor, with the 

team consisting of at least two full-time equivalents; 

• The operating principle of the team described above is valid only for a minimum 

number of operators equal to 2. 

The connection with the field intervention team is as follows: 

• A field intervention operator can only intervene on a vehicle after being solicited by a 

remote intervention operator.; 

• A remote intervention operator requests a field intervention when they are unable to 

respond to the vehicle's solicitation from their remote station7 ; 

• If we denote 𝑥 as the solicitation rate of a vehicle (towards remote intervention), then 

𝑥 = 𝑥𝑖𝑎𝑑 + 𝑥𝑡, where 𝑥𝑖𝑎𝑑  is the solicitation for remote intervention and 𝑥𝑡 is the 

solicitation for field intervention. 

• It is assumed that 𝑥𝑖𝑎𝑑 >> 𝑥𝑡 ≥ 1. 

  

 
7 Furthermore, the time required to assign a solicitation to the field intervention operator is considered 

negligible. 
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3.3. Determination of the number of remote and field intervention operators 

Here, we are looking for the number of remote operators 𝑁𝑖𝑎𝑑  needed for a fleet of 𝑁𝑣 vehicles8. 

The determination of the number of remote (and field) operators defines the economic 

profitability of the automated service compared to a conventional service. 

Let 𝑥𝑖𝑎𝑑 be the hourly solicitation9 rate of a vehicle. 

Let 𝑋 be the random variable that associates to each vehicle its state (either in solicitation or 

not). The variable 𝑋 follows a Bernoulli distribution with probability 𝑥 such that:                        

  ℙ(𝑋 = 𝑛)  =  {
𝑥𝑡  𝑠𝑖 𝑛 = 1

1 − 𝑥𝑡  𝑠𝑖 𝑛 = 0
 

Let 𝑁 be the number of vehicles assigned to a remote intervention operator, such that 𝑁 =
𝑁𝑣

𝑁𝑖𝑎𝑑
. 

We reason at the service level, meaning that remote intervention operators are not assigned 

to a specific part of the fleet but are shared across the entire fleet. Furthermore, each 

solicitation from a vehicle monopolizes the time (cognitive load) of the remote operator who 

responds to it: we then have 𝑁𝑣 − 1 vehicles under the responsibility of  𝑁𝑖𝑎𝑑 − 1 remote 

intervention operators. 

We introduce the average duration of an intervention on a vehicle 𝑑𝑖𝑎𝑑 . 

Let 𝑌 be the random variable following a binomial distribution 𝐵(𝑁𝑣 , 𝑥𝑖𝑎𝑑 ⋅ 𝑑𝑖𝑎𝑑).  

Then the probability of having 𝑘 vehicles in solicitation among the 𝑁𝑣 vehicles of the fleet 

during a period. 𝑑𝑖𝑎𝑑  is written: 

∀ 𝑘 ∈ [0 ; 𝑁𝑣], ℙ(𝑌 = 𝑘) = (
𝑁𝑣

𝑘
) ⋅ (𝑥𝑖𝑎𝑑 ⋅ 𝑑𝑖𝑎𝑑)𝑘 ⋅ (1 − 𝑥𝑖𝑎𝑑 ⋅ 𝑑𝑖𝑎𝑑)𝑛−𝑘 

Then, the average number of solicitations per vehicle during the time period 𝑑𝑖𝑎𝑑  is 

proportional to 𝑑𝑖𝑎𝑑  and is written as 𝑥𝑖𝑎𝑑 ⋅ 𝑑𝑖𝑎𝑑. 

The discrete probability distribution describing the behavior of the number of rare and 

independent events occurring in a small fixed time interval, when attempting to increase the 

number of vehicles in the fleet, approximates the binomial distribution by a Poisson 

distribution with parameter 𝜆 = 𝑁𝑣 ⋅ 𝑥𝑖𝑎𝑑 ⋅ 𝑑𝑖𝑎𝑑 . 

The probability distribution is written as: ∀ 𝑘 ∈ [0 ; 𝑁𝑣], ℙ(𝑌 = 𝑘) = 𝑒−𝜆 ⋅
𝜆𝑘

𝑘!
 

Thus, we are interested in the probability of having 𝑁𝑖𝑎𝑑vehicles requesting remote intervention 

during 𝑑𝑖𝑎𝑑 , considering that when all remote intervention operators are engaged with a vehicle 

from the fleet, the system stops: no further remote intervention is possible on any other vehicle 

in the fleet. 

 
8 The reasoning is the same to determine the number of ground operators required (linked to hypothesis 

H7.b. described in 1.4.). 
9 Here, "solicitation" is considered as any intervention by a remote intervention operator on a vehicle, in 

accordance with the regulatory framework, and not only the specific solicitations of the vehicle for 

remote intervention. 𝑥𝑖𝑎𝑑 corresponds to the system's performance.. 
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We aim to determine the probability of having a number of vehicles in solicitation 

simultaneously exceeding the limit of the number of remote intervention operators: that 

is ℙ(𝑋 ≥ 𝑁𝑖𝑎𝑑). 

We are looking to determine ℙ(𝑋 ≥ 𝑁𝑖𝑎𝑑) = ∑ (𝑒−𝜆 ⋅
𝜆𝑘

𝑘!
)

𝑁𝑣
𝑘=𝑁𝑖𝑎𝑑

. 

The probability that the system stops is governed by the service level set by the operator, 

denoted 𝐹 such as  ℙ(𝑋 ≥ 𝑁𝑖𝑎𝑑) ≤ 1 − 𝐹. 

Then 𝑁𝑖𝑎𝑑  is obtained recursively starting from 𝑁𝑣 (somme des 𝑃(𝑋 = 𝑘) starting from 𝑁𝑣 until 

∑ ℙ(𝑋 = 𝑘)𝑁𝑣
𝑘=𝑁𝑖𝑎𝑑

> 1 − 𝐹). 

In this model, the number of remote participants depends on(𝑁𝑣 , 𝑥𝑖𝑎𝑑 , 𝑥𝑡). 

Sensitivity to the desired service level 

The following table shows the service level threshold for which the remote intervention team 

is minimal (i.e., 2 operators) depending on the rate of functional deficiencies (x). 

x Central solution Set of unfavorable 

assumptions 

Set of favorable 

assumptions 

0.1 > 0.999 > 0.999 > 0.999 

0.2 > 0.999 > 0.999 > 0.999 

0.5 0.998 0.993 > 0.999 

0.8 0.994 0.978 > 0.999 

0.9 0.992 0.970 > 0.999 

1.0 0.990 0.960 > 0.999 

Sensitivity to the rate of functional deficiencies 

The table below shows the threshold of functional deficiencies (requests) for which the remote 

intervention team is minimal (i.e., 2 operators) depending on the service level (F). 

F Central solution Set of unfavorable 

assumptions 

Set of favorable 

assumptions 

0.9999 0.20 0.12 0.60 

0.999 0.44 0.26 1.32 

0.99 1.00 0.60 3.00 

0.9 2.43 1.46 7.32 
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Annex 2: Results obtained for the considered vehicle typologies (excluding shuttles) 

TCO difference (in %) between automated and non-automated service based on the number of remote and on-site 

intervention operators for each considered vehicle typology, calculated according to the tolerated service limit and 

the rate of functional deficiencies under central assumptions of remote intervention duration = 3 minutes and on-

site intervention = 30 minutes for a fleet of 10 private vehicles. 

 

 

 

 

 

 

 

 

 

 

 

 

TCO difference (in %) between automated and non-automated service based on the number of remote and on-site 

intervention operators for each considered vehicle typology, calculated according to the tolerated service limit and 

the rate of functional deficiencies under central assumptions of remote intervention duration = 3 minutes and on-

site intervention = 30 minutes for a fleet of 10 vehicles of the 12-meter bus type. 

Tolerated 

service failure 

limit  

(1-F)  

Hourly rate of 

functional 

deficiencies 

Number of 

remote 

intervention 

operators 

Number of on-

site 

intervention 

operators 

𝚫𝐓𝐂𝐎 (%) 

12-meter bus 

without 

pooling 

𝚫𝐓𝐂𝐎 (%) 

12-meter bus 

with pooling 

10−4 

1 

4 3 +22% +1% 

10−3 3 3 +15% -7% 

10−2 2 2 +0% 

-14% 10−1 2 1 -8% 

10−4 

10−1 

2 2 +0% 

10−3 2 1 

-8% -16% 

10−2 2 1 

10−1 2 1 

10−4 

10−2 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

10−4 

10−3 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

 

Tolerated 

service failure 

limit 

(1-F)  

Hourly rate of 

functional 

deficiencies 

Number of 

remote 

intervention 

operators 

Number of on-

site 

intervention 

operators 

𝚫𝐓𝐂𝐎 (%) 

PV without 

pooling 

𝚫𝐓𝐂𝐎 (%) 

PV with 

pooling 

10−4 

1 

4 3 +19% -12% 

10−3 3 3 +9% -22% 

10−2 2 2 -13% 

-33% 10−1 2 1 -24% 

10−4 

10−1 

2 2 -13% 

10−3 2 1 

-24% -35% 

10−2 2 1 

10−1 2 1 

10−4 

10−2 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

10−4 

10−3 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 
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TCO difference (in %) between automated and non-automated service based on the number of remote and on-site 

intervention operators for each considered vehicle typology, calculated based on the tolerated service limit and the 

rate of functional deficiencies for central assumptions of remote intervention duration = 3 minutes and on-site 

intervention = 30 minutes for a fleet of 10 vehicles of the 18-meter bus type and larger. 

Tolerated 

service failure 

limit  

(1-F)  

Hourly rate of 

functional 

deficiencies 

Number of 

remote 

intervention 

operators 

Number of on-

site 

intervention 

operators 

𝚫𝐓𝐂𝐎 (%) 

18-meter bus 

without 

pooling 

𝚫𝐓𝐂𝐎 (%) 

18-meter bus 

with pooling 

10−4 

1 

4 3 +18% +0% 

10−3 3 3 +12% -5% 

10−2 2 2 +0% 

-11% 10−1 2 1 -7% 

10−4 

10−1 

2 2 +0% 

10−3 2 1 

-7% -13% 

10−2 2 1 

10−1 2 1 

10−4 

10−2 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 

10−4 

10−3 

2 1 

10−3 2 1 

10−2 2 1 

10−1 2 1 
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Annex 3: Description and stylized representation of the Perche Normand case 

By becoming the mobility authority for its territory in July 2021, the Communauté de 

communes committed to producing a comprehensive mobility planning document, which 

serves as an operational roadmap for mobility at the territorial level, aligned with local finances 

and the ecological and social concerns of the area. 

The process was initiated in January 2023 with a mobility diagnosis of the territory, allowing 

the formalization of the territory's challenges and the mobility strategy associated with these 

challenges. The operational implementation was launched in March 2024. 

a) Mobility Diagnosis 

Two qualitative surveys were conducted to identify the needs and expectations of residents in 

terms of mobility: 

• a questionnaire for the residents of the Communauté de communes (2.7% of the 

population spread across the 16 municipalities); 

• a questionnaire for the municipalities (all municipalities identified their needs and 

expectations). 

The Communauté de communes is at the intersection of three regions, each with its own 

regional mobility authorities: Normandy, Pays-de-la-Loire, and Centre-Val-de-Loire, 

characterized by three departments. 

Figure 1 : Structure of the territory based on the distribution of its population 
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The organization of the territory is influenced by: 

• internal hubs, including two main hubs that host services meeting daily needs (shops, 

schools, healthcare, administration, etc.) and five secondary hubs offering essential 

services (local shops, healthcare); 

• external hubs located at the borders of the territory but in neighboring regions 

(Nogent-le-Rotrou, La Ferté-Bernard, and Mamers); 

• distant regional hubs (Alençon, Le Mans, Chartres). 

The territory is situated in close proximity to major communication routes, including the Paris-

Le Mans railway line and the A11 highway linking Paris to the Atlantic. 

Given these factors, the territory is at the crossroads of three regions and three mobility 

authorities, and the mobility basin integrates other communities of municipalities in the Orne. 

In terms of mobility, the territory, being industrial at the scale of the Huisne Valley, generates 

commuter flows to the outside. In a few indicators: 

• the employment rate stands at 1.03 (number of jobs relative to the number of active 

individuals), with 70% of jobs concentrated in two municipalities (the two internal hubs, 

Val-au-Perche and Bellême); 

• 53% of the active population work within the community of municipalities (and 47% 

work outside, mainly towards external hubs such as Nogent-le-Rotrou, La Ferté-Bernard; 

• (34% of the active population work in their municipality of residence, and 19% work in 

another municipality within the community of municipalities). 

• the remaining active individuals come from external hubs, including Nogent-le-Rotrou, 

La Ferté-Bernard, Mamers, and Perche-en-Nocé.. 

As a result, 2 out of 3 active individuals are involved in external flows (either inbound or 

outbound). 

Among the 53% of active individuals working within the community of municipalities, 64% work 

in their municipality of residence. Among the 36% working in a neighboring municipality, 40% 

work in one of the two internal hubs: Val-au-Perche and Bellême. 

 

 

 

 

Figure 2 : Distribution of internal workforce flows 

within the territory 
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The distances traveled by intercommunal workforce flows are mostly a few kilometers (3 to 10 

km) between the main and secondary hubs. 

In comparison, commuting is predominantly done by car: 

• 79% for active individuals working in their municipality of residence (17% by foot); 

• 98% for active individuals working in another municipality; 

• 96% for individuals leaving the community of municipalities (the use of public transport 

represents more than 30% towards the Paris region and Le Mans); 

• In comparison, commuting is predominantly done by car. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Apart from commuting, the identified flows highlight the importance of external hubs: Nogent-

le-Rotrou and La Ferté-Bernard, followed by Mamers and Mortagne-au-Perche, for various 

reasons: basic shopping and supermarkets, leisure, sports, culture, and healthcare. 

The analysis of road traffic routes shows ease of travel by car, which does not encourage modal 

shift: structuring routes with free alternatives to the A11 highway, secondary routes used, and 

significant truck traffic on certain routes. 

Overall, traffic could be described as moderate (in relation to the capacity of the road 

networks), but some elected officials consider the traffic to be high with fast-moving traffic. 

Figure 3 : Main mobility flows within the community of municipalities 
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The public transport offer within the community of municipalities consists of three services: 

• the Paris–Chartres–Le Mans railway line (TER), which includes one station within the 

territory (Le Theil) and two nearby stations (Nogent-le-Rotrou and La Ferté-Bernard); 

• regional bus lines from the Nomad network (Normandy Region): 2 regular lines (418 and 

419) and 2 on-demand lines (420 and 421); 

• an on-demand transport service available in all the municipalities of the community. 

Two additional regional regular lines near the territory: 417 (Normandy) and 212 (Pays-de-la-

Loire). 

Figure 4 : Public transport services within or near the territory 

Overall, as part of the survey, the public transport offer was rated as having low attractiveness 

for active individuals but good to very good on average for captive users. 
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 The following table presents the results of the diagnostic conducted on the territory. 

In addition, the territory offers school transportation services distributed across 19 routes, 

reserved for school transport unless requested in advance. Among respondents, 43% of 

parents are satisfied with the existing service, while 30% consider the schedules unsuitable, and 

13% find the safety at stops inadequate. School transport presents a challenge in terms of 

ensuring safety at stops. 

The territory benefits from the regional transport service (Nomad network) and other regional 

services near the area. The community of municipalities complements this with its own 

mobility organization and has been managing a demand-responsive transport service since 

2017 (including in the Perche-en-Nocé municipality). 

Demand-responsive transport is provided by a taxi artisan, with the community of 

municipalities managing bookings and monitoring. The service is available to all residents 

within the territory for specific trips defined by the community of municipalities. 

The pricing system, outside trips to community services, is complex and depends on the 

distance traveled and the purpose of the trip. For example, a trip to a train station is charged 

based on distance in €5 increments, while a shuttle to a bus connection costs €2.50. 

In terms of infrastructure, two public transport stops can be considered transport hubs within 

the territory: Le Theil – La Rouge station and Place du Champ de Foire in Bellême, both 

equipped with parking or carpooling areas. More broadly, the territory includes three marked 

carpooling areas and three parking lots used for carpooling. 

Car-sharing initiatives are also present in the territory, including one by a private operator, one 

by the Orne department, and one in the municipality of Bellême. 

Finally, regarding soft mobility and cycling routes, the territory lacks any dedicated cycling 

infrastructure. 
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b) Mobility strategy involving automated road mobility 

The diagnostic conducted by the Collines du Perche Normand Community of Municipalities 

initiated discussions aimed at building a mobility strategy tailored to the needs and challenges 

of the territory. These discussions brought together elected officials, technicians, partners, 

local stakeholders, associations, and residents. 

The action plan includes 13 actions grouped into four main areas: public transportation, cycling 

development, reducing single-occupancy vehicle use, and information and solidarity. 

Axis 1, dedicated to public transportation, comprises 5 actions, including: 

1.4 Conducting a feasibility study for the creation of new internal routes/autonomous shuttles to 

complement the community’s demand-responsive transport service. 

A cross-cutting action involves addressing the financing of new public transportation services. 

This action is presented as a short-term initiative targeting workers, captive users, and students, 

with the goal of making public transportation a viable alternative to cars for travel within the 

community of municipalities. 

 

 

Figure 5 : Main origins and destinations of on-demand transport organized by the community of 

municipalities 



32 

 

The diagnostic highlighted that: 

• the regular public transportation service is insufficient for internal travel within the 

territory; 

• the community's demand-responsive transport service is not designed to meet daily 

travel needs. 

To achieve the goal of making public transportation more attractive, three measures are 

proposed, including a feasibility study for deploying a rural autonomous shuttle serving all 

municipalities in the community to connect them to a central hub. 

The project involves creating two circular routes serving all municipalities, organized as follows: 

• one in the north, providing connections to Bellême; 

• the other in the south, providing connections to Le Theil. 

The primary obstacle to feasibility identified is the high cost associated with automation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The offer proposed within the mobility strategy is characterized by a shuttle frequency of 

every 2.5 hours on the northern loop and every 2 hours on the southern loop.  

Figure 6 : Mapping of the two routes identified for the measure aimed at implementing an autonomous 

shuttle (northern loop and southern loop) 
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