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Device for signaling objects to a navigation module of a vehicle equipped with this device 
https://patents.google.com/patent/US20170043771A1/en 
(WO2015166156 A1), Javier IBANEZ-GUZMAN, Vincent FREMONT, Stéphane BONNET, MIRANDA NETO, A. Renault S.A.S. 
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• Nomination for Ph.D. Thesis Prize, 2012: Prix de thèse du GdR Robotique, Heudiasyc Lab., UTC, France. 

• Thesis Prize Marechal do Ar Casimiro Montenegro Filho, 2011, ISSN 1677-7042 Nº 4, January, 5th 2012, 

Secretariat for Strategic Affairs (SAE) of the Presidency, Brazil. 

• Region 9 Student Paper Contest (Placing Second), 2007, IEEE Región 9 Latinoamérica y El Caribe. 
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Our focus is on vehicles, but they are robots.... 
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Society's motivation and opportunities 
 
Intelligent Vehicles / Automated Driving Systems 
(Federal, State, Academics, and Industry actions…) 
 

Problems N and Proposal 
(black-box for intelligent vehicles / automated driving systems) 
 

Conclusion 

Outline 
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accidents disabilities 



“a $7 trillion self-driving future” 
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LMT: www.lmt.ufla.br  
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Technology Readiness Levels - TRL 
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Tesla's Autopilot with Hardware version 
1 can be classified as somewhere 

between levels 2 and 3 under the U.S. 
DoT / NHTSA 
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Opportunities 
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Black-box devices 

Event Data Recorders (EDR) 
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The next big step toward developing EDRs for self-driving vehicles is 
determining what data to collect.  

2017 
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The use of data from EDRs in the courtroom may be subject to additional 
judicial scrutiny, and attorneys should be prepared for challenges to EDR 

data and expert analysis of such data.  

2017 
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The distribution of responsibilities… 

Lawyers 
 

Expertise 
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Hypothetical Situation in a self-driving car or IV….… 

Let’s say you were injured in an accident, but no one 
got a plate number and the person/car who caused 
the accident is gone. 
You may go to jail. You have to pay the loss.  
What is your hope of recovery?  

Whose data is it? 
How long have they been stored? Where were they stored? 
Who shall ask for the technical expertise? 
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Federal, State, Academics, and Industry actions… 
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Autonomous vehicles will raise a myriad of new issues … 

The difficulty in separating the fault of the manufacturer from the fault of 
the driver lies in the difficulty of assessing the cause of an accident. 

EDRs should be required in autonomous vehicles. 
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The new generation of standard data recording device for intelligent 
vehicles 

Regular Paper Submission: June 16, 2016 
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U.S. Department of Transportation: September, 2016 
Federal Automated Vehicles Policy: 

The U.S. NHTSA called for enhanced features in 

self-driving cars’ EDRs (Event Data Recorders). 
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February, 2017 

Afin que ces nouvelles ressources soient pleinement utilisées, il est 
nécessaire de travailler sur la capacité des véhicules à produire une 
information qui permette l’investigation dans le cadre des enquêtes 
de police judiciaire.  

Il faut donc que les services de police puissent 
obtenir des données utiles de la part des 
constructeurs ou avoir accès directement aux 
données du véhicule lui-même, et pour cela harmoniser les 
pratiques et les cadres juridiques.  

Un standard européen de données (boîtes noires) 
est en cours d’émergence. Il faut que les forces de l’ordre 
disposent des moyens de l’exploiter. 
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The Ethics Commission on Automated Driving: June, 2017 

(1) In every driving situation, it must be clearly regulated and 
 apparent who is responsible for the driving task: the 
 human or the computer. 

 

(2) It must be documented and stored who is driving (to resolve 
 possible issues of liability, among other things). 
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House of Representatives Standing Committee on 

Industry, Innovation, Science and Resources: August 

2017 
 

“… when a collision occurs there is a lot of reliance on human testimony. 
Experts are used to understand or potentially reconstruct a collision…. 
 
… there will be a need to determine, when something going wrong, who 
needs to recompense and where liability needs to fall…” 

Social issues relating to land-based 
automated vehicles 
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Jan. 19, 2017 

it's evident mistakes  
 shall happen .... 
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How shall we arrive at the fullest and most correct 
standard (EDR or black box) among the various 

manufacturers? 
 

... independently and transparently? 
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Proposal 
(black-box for IVs) 
 

  Problems 1, 2, ..., N 
  (calibration, uncertainties, amount of data, homologation, expertise) 
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multi-sensors 
hardware 

algorithms 
software 
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Problem 1 
hardware / calibration 
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… in the hardware level….  
 

 

 

Cameras may suffer with light reflections, low-texture variations, shadow areas, etc.  

Lasers have problems to estimate the distance to a metallic obstacle. 

Radars and sonars have no precision about the obstacle dimension. 

GPS and Inertial Measurement Unit: in urban environments, there are high buildings, 
trees, electromagnetic fields, etc., which may fail and insert uncertainties on the final 
vehicle localization.  
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… in the hardware level….  
 

The sensors data come from the hardware sensors, passing by cables, and the final 
command is applied by actuators on the steering, acceleration, and brake systems. 
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… in the hardware level…. 

How often will the sensors be calibrated? 
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Problem 2 
uncertainties 
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… in the software level….  
 

 In the face of problems… we can use data fusion, very common use today.….  

  it shall lead to an accumulation of uncertainties. 
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… in the software level….  
 

… the machine/deep learning, very common use today, … introducing new data processing 
models and knowledge-sharing between vehicles... 

      and all you get are statistical numbers. 
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Uncertainties 

Based on: 
Richard Bradley, “Decision Making under Model Uncertainty", “Coping with Uncertainty: Normative 
Approaches, Current Practice”, Workshop, 22-24 May 2017 at ENS (Paris). 

Arthur de Miranda Neto / arthur.miranda.neto@gmail.com 
 

mailto:arthur.miranda.neto@gmail.com


New Standard Data Recording Device for 

Intelligent Vehicles  

Modeling Forecasting Policy Evalution 

Theories, 
Observations, 
Assumptions 

Judgements Values 

Predictive models specify values for a set of target 
variables as a function of the other variables. 
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Modeling Forecasting Policy Evalution 

Theories, 
Observations, 
Assumptions 

Judgements Values 

Policy models specify values of target variables as a function of both policy interventions 
on target variables –  

Correct identification of causal structure is 
essential to predictions about the effects of 
interventions. 

But hard to achieve… 

Counter-facts are not observable! 
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Counter-facts are not observable! 

Policy models specify values of target variables as a function of both policy interventions 
on target variables –  
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Uncertainty has different sources: 

1. Physical 

80m 

100m 
error 
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Uncertainty has different sources: 

1. Physical 

2. Measurement of initial conditions 
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Uncertainty has different sources: 

1. Physical 

2. Measurement of initial conditions 

3. Unmodeled factors 

(such as change in environmental conditions from 
day to day) 

Arthur de Miranda Neto / arthur.miranda.neto@gmail.com 
 

52 

mailto:arthur.miranda.neto@gmail.com


New Standard Data Recording Device for 

Intelligent Vehicles  

Uncertainty has different sources: 

1. Physical 

2. Measurement of initial conditions 

3. Unmodeled factors 

(such as change in environmental conditions from 
day to day) 

4. Uncertainty about the causal or structural 
relationships between variables 

Arthur de Miranda Neto / arthur.miranda.neto@gmail.com 
 

53 

mailto:arthur.miranda.neto@gmail.com


New Standard Data Recording Device for 

Intelligent Vehicles  

How Alphabet understands its most ambitious artificial intelligence 
project. 

Uncertainties – ways… 
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Uncertainties – ways… 

….they now drive 8 million miles per day in the virtual world. 

In 2016, they logged 2.5 billion virtual miles versus a little over 3 million miles by Google’s 
self-driving cars that run on public roads.  
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Uncertainties – ways… 

….they now drive 8 million miles per day in the virtual world. 

In 2016, they logged 2.5 billion virtual miles versus a little over 3 million miles by Google’s 
self-driving cars that run on public roads.  
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Uncertainties – ways… 

In that virtual space, they can unhitch from the limits of real life and create thousands 
of variations of any single scenario, and then run a digital car through all of them. 
 

As the driving software improves, it’s downloaded back into the physical cars, 
which can drive more and harder miles, and the loop begins again. 
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Uncertainties – ways… 

“Our cars see the world. They understand the world. And then for anything that is a 
dynamic actor in the environment—a car, a pedestrian, a cyclist, a motorcycle… 

—our cars understand intent. It’s not enough to just track a thing through a space.  

You have to understand what it is doing,”  

Dmitri Dolgov, Waymo’s vice president of engineering 
59 
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…our cars understand intent. It’s not enough to just track a thing through a 
space. You have to understand what it is doing,” 

60 Link: https://www.youtube.com/watch?v=8X2mhUqO0go 
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However, each one of its subsystems bring uncertainties due to distortions in the 
signals, problems related to signal processing, complications in components accurateness, 
among others. 
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EDRs should be required in autonomous vehicles 
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… and more… 
driverless cars will definitely need smart road infrastructure 
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… and more… 
don't ignore the human factor ! 
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Problem 3 
data 

The challenges include: capturing data (what data?), 
data storage (what data? / for how long?), data 
analysis?, sharing?, transfer?, visualization?, querying?, 
updating? and information privacy?... 
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Problem 4 
expertise analysis 
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Proposal 
(black-box for automated driving systems) 

Next step… 
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New generation of 
standard data recording 

device 
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GREGO, S. A. ; MIRANDA NETO, A. ; LIMA, D. A. .  
Reconstrução Visual de Dispositivo Registrador de  
Eventos para ADS (Automated Driving System). 2018.  
Patente: Programa de Computador. Número do registro:  
512018051717-0, data de registro: 19/09/2018 
INPI - Instituto Nacional da Propriedade Industrial. 
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Blockchain 

…The CEO of Intel that suggested that, over an 
eight-hour period of driving, one of 

these vehicles will generate and consume 
40 terabytes of data. 
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Brazilian law 
13.709/2018 

Brazil Adopts General 
Data Protection Law 
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Brazilian law 
13.709/2018 

Brazil Adopts General 
Data Protection Law 
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Seven Always 
Exchange 

www.sevenalways.io 
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