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Post-Doctoral Research Visit F/M Application of
Stackelberg games to deter crime and improve
security perception in urban areas
Contract type : Fixed-term contract

Level of qualifications required : PhD or equivalent

Fonction : Post-Doctoral Research Visit

About the research centre or Inria department
The Inria University of Lille centre, created in 2008, employs 360 people including 305 scientists in 15
research teams. Recognised for its strong involvement in the socio-economic development of the Hauts-
De-France region, the Inria University of Lille centre pursues a close relationship with large companies
and SMEs. By promoting synergies between researchers and industrialists, Inria participates in the
transfer of skills and expertise in digital technologies and provides access to the best European and
international research for the benefit of innovation and companies, particularly in the region.

For more than 10 years, the Inria University of Lille centre has been located at the heart of Lille's
university and scientific ecosystem, as well as at the heart of Frenchtech, with a technology showroom
based on Avenue de Bretagne in Lille, on the EuraTechnologies site of economic excellence dedicated to
information and communication technologies (ICT).

Context
Every year Inria International Relations Department has a few postdoctoral positions in order to support
Inria international collaborations.

This year, postdoctoral positions within the frame of Inria London, Inria Brasil and Inria Chile programs
and to strengthen partnerships with Simula (Norway), University of Waterloo (Canada) and KAIST and
ETRI (South Korea) are eligible.

The postdoc contract will have a duration of 12 to 24 months. The default start date is November 1st,
2023 and not later than January, 1st 2024. The postdoctoral fellow will be recruited by one of the Inria
Centers in France but it is recommended that the time is shared between France and the partner’s
country (please note that the postdoctoral fellow has to start his/her  contract being in France and that
the visits have to respect Inria rules for missions)

Assignment
Candidates for postdoctoral positions are recruited after the end of their  Ph.D. or after a first post-
doctoral period: for the candidates who obtained their PhD in the Northern hemisphere, the date of the
Ph.D. defense shall be later than 1 September 2021; in the Southern hemisphere, later than 1 April 2021.

In order to encourage mobility, the postdoctoral position  must take place in a scientific environment
that is truly different from the one of the Ph.D. (and, if applicable, from the position held since the Ph.D.);
particular attention is thus paid to French or international candidates who obtained their doctorate
abroad.

Main activities
Crime is primarily an urban phenomenon that in recent decades has increased in Latin America due to
rapid urban growth (Cheng and Chen (2021)). According to the UN (Un-Habitat (2012)) 60% of urban
inhabitants in Latin American countries have been victims of crime and the victimization rate has
reached 70% in some cities. In Chile, 32% of households had a member who was a victim of robbery or
attempted robbery, and 28% of the population has a high level of fear (Ciudadana (2022)). Urban safety
refers to crime prevention practices, their implementation, and the public perception of crime. A
mismatch between fear of crime and crime rates is not uncommon (Ciudadana (2022), Killias and Clerici
(2000), Borooah and Carcach (1997), Doeksen (1997)). Thus, the mechanisms that the police authority
implement to deter crime in urban areas must not only be effective but must also improve citizens’
perception of safety.

 

Police authority has a limited number of operational mechanisms to deter urban crime and improve the
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perception of security in urban areas. These mechanisms are mainly based on crime analysis, defined as
”the set of systematic and analytical processes that provide timely and relevant information on crime
patterns and correlations between crime trends” (Wortley and Townsley (2016)). Two mechanisms are
distinguished. (1) The first one is the crime analysis of hotspot mapping. Crime hotspots are small
geographic areas with high rates of criminal activity (Weisburd and Telep (2014)). According to Weisburd
(2015), these hotspots tend to remain spatially and temporally, and consequently, crime can be mitigated
through proper data collection. There are several methods for mapping crime hotspots such as kernel
density estimation (KDE) that allows the calculation of the probability density function of crime
incidents (Hu et al. (2018)). (2) The second one is the deployment of police resources through police
patrols. The objective of police patrols is to provide police services to prevent crime (Novak et al. (2016))
and respond more quickly to crime incidence. Thus, the police authority, based on a risk surface that
suggests where crime events have been previously clustered (hotspot mapping), defines a patrolling
strategy that consists of determining the frequency with which hotspots should be patrolled. A patrol
strategy can be operationally implemented through a set of patrol schedules, where each schedule is a
collection of temporal-spatial patrol paths (one for each police patrol) with an associated probability of
being selected, denoted as unpredictable patrolling schedule. The objective of a patrol strategy and the
unpredictable patrol schedule is to deter the greatest number of offenders and increase citizens’
perception of safety.

The problem of determining the frequency of hotspot patrolling can be viewed as a Stackelberg game in
which the police authority establishes a time-space distribution of patrol probabilities at hotspots, and
criminals choose where to commit a crime based on their knowledge of being caught by the police
authority. Similarly, the unpredictable patrolling schedule can be viewed as a Stackelberg game in which
the police authority establishes the set of patrol paths and their respective probabilities of being
selected while criminals respond by optimizing their objective function given the probability of being
caught. To the best of our knowledge, only Espejo et al. (2016) have modeled the interaction between
police forces and offenders in urban areas under a Stackelberg game approach. However, they address
the problem of allocating police officers in a bounded urban area to deter criminal action.

 

Patrolling strategies and unpredictable patrolling schedules in urban areas are particular topics of
security games (SG). SG has been successfully applied in security domains to generate unpredictable
patrol strategies, e.g., to protect flights (Tambe (2011)), for counter-terrorism and fare evasion controls
(Brotcorne et al. (2021)). However, compared to strategic attackers (such as terrorists), who execute a
well-laid plan, criminals in urban areas are less strategic in planning attacks and more flexible in
executing well-laid plans based on their knowledge of police patrols or allocation. Thus, the main
challenge in this area is to model the behavior of urban criminals (Zhang et al. (2016)).

 

This project aims to address the patrolling strategy and unpredictable patrol scheduling to deter crime
and improve the perception of safety in urban areas from the point of view of the Stackelberg game,
taking into account realistic models for the reaction of urban criminals, realistic models for the actions
of the police authority, and guaranteeing the quality of the solutions in terms of the optimality gap.
Thus, the expected result of the project are practical and novel mathematical tools to define patrolling
strategies and unpredictable patrol scheduling in urban areas to deter the most significant number of
urban criminals.
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Skills
Good knowledges in:

Optimization
Statistics
Algorithmic
Code in C++, Pytthon 

Benefits package
Subsidized meals
Partial reimbursement of public transport costs
Leave: 7 weeks of annual leave + 10 extra days off due to RTT (statutory reduction in working hours)
+ possibility of exceptional leave (sick children, moving home, etc.)
Possibility of teleworking and flexible organization of working hours
Professional equipment available (videoconferencing, loan of computer equipment, etc.)
Social, cultural and sports events and activities
Access to vocational training
Social security coverage

Remuneration
Gross salary : 2746 € by month

General Information
Theme/Domain : Optimization, machine learning and statistical methods 
Scientific computing (BAP E)
Town/city : Villeneuve d'Ascq
Inria Center : Centre Inria de l'Université de Lille
Starting date : 2023-11-01
Duration of contract : 2 years
Deadline to apply : 2023-06-16

Contacts
Inria Team : INOCS
Recruiter : 
Brotcorne Luce / Luce.Brotcorne@inria.fr

About Inria
Inria is the French national research institute dedicated to digital science and technology. It employs
2,600 people. Its 200 agile project teams, generally run jointly with academic partners, include more
than 3,500 scientists and engineers working to meet the challenges of digital technology, often at the
interface with other disciplines. The Institute also employs numerous talents in over forty different
professions. 900 research support staff contribute to the preparation and development of scientific and
entrepreneurial projects that have a worldwide impact.

The keys to success
If you are interested in the position, please send a detailed CV, a motivation letter and recommendation
letter. 

Warning : you must enter your e-mail address in order to save your application to Inria. Applications
must be submitted online on the Inria website. Processing of applications sent from other channels is
not guaranteed.

Instruction to apply

http://www.inria.fr/centre/lille
https://www.inria.fr/equipes/INOCS
mailto:Luce.Brotcorne@inria.fr


Defence Security : 
This position is likely to be situated in a restricted area (ZRR), as defined in Decree No. 2011-1425 relating
to the protection of national scientific and technical potential (PPST).Authorisation to enter an area is
granted by the director of the unit, following a favourable Ministerial decision, as defined in the decree
of 3 July 2012 relating to the PPST. An unfavourable Ministerial decision in respect of a position situated
in a ZRR would result in the cancellation of the appointment.

Recruitment Policy : 
As part of its diversity policy, all Inria positions are accessible to people with disabilities.
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