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The popularity of bicycles as a mode of transportation has been steadily increasing. However, concerns about
cyclist safety persist due to a need for comprehensive data. This data scarcity hinders accurate assessment of
bicycle safety and identification of factors that contribute to the occurrence and severity of bicycle collisions in
urban environments. The BSafe-360, a novel multi-sensor device designed as a data acquisition system (DAS) for
collecting naturalistic cycling data, which provides a high granularity of cyclist behavior and interactions with other

road users.

bicycle safety data acquisition system lateral passing distance sensing traffic safety

| 1. Introduction

Bicycle safety is a key aspect of sustainable and equitable transportation in urban environments. It has become a
prominent concern for researchers in recent years, especially since the changes in society’s priorities caused by
the COVID-19 pandemic and the economic crisis. Since 2012, cities around the United States (U.S.) have adopted
the Vision Zero program, the main goal of which is to achieve zero traffic fatalities and injuries. The program
originated in Sweden and has been successfully implemented in various European cities, bringing the number of
cyclists injured or killed to nearly zero in some countries L. However, bicycle fatalities are still on the rise in the US
(2 This scenario raises questions about what factors and guidelines truly contribute to improving bicycle safety in

urban environments.

One particular concern is the lateral passing distance (LPD) between cyclists and motor vehicles. This distance
can significantly affect cyclists’ safety, as it determines the amount of space drivers must allow when overtaking
cyclists. For example, 29% of the crashes involving motor vehicles and bicycles were due to these vehicles
traveling adjacent to each other in New York City (NYC) Bl. However, current data on LPD are limited. They are
often based on the drivers’ perspective because of the wide availability of state-of-the-art data acquisition systems
(DAS) for motorized vehicles (e.g., cars and trucks), especially for connected and autonomous vehicles, making it

difficult to assess current bicycle safety measure effectiveness accurately.

Fortunately, the advancement and spread of technologies in sensing, the Internet of Things (IoT), and Big Data
allowed the improvement of data collection in various areas of study, including bicycle safety. Researchers have
begun to turn especially to smartphone data and the development of instrumented bicycles (IBs), that is, bicycles
equipped with two or more sensors, to function as bicycle-specific DAS MBIEIIE The main advantage of these

new DAS is that they allow the collection of naturalistic cycling data, which provides detailed data about cycling

https://encyclopedia.pub/entry/47681 1/6



BSafe-360 | Encyclopedia.pub

behavior and infrastructure. Naturalistic cycling data correspond to cyclists’ real-world behaviors and environmental
interactions collected without any interference from researchers [2. However, the current scenario of bicycle DASs
for the collection of naturalistic cycling data is still in its early stages. It has room for improvement with respect to its
reliability, precision, availability, size, monetary and time costs, and scalability. Such improvements in DASs to
collect naturalistic cycling data can help answer long-standing research questions, such as what factors lead to
higher collisions, injuries, and fatalities involving bicycles, or what is the optimal threshold for the safe LPD drivers

should maintain from cyclists when overtaking them.

| 2. Bicycle Safety

Bicycle safety is a crucial concern, particularly in urban areas where more people are opting for cycling as a means
of transportation. Although there has been extensive research on specific issues such as collision severity and
bicycle network, it is important to conduct further studies on bicycle safety to address a wider range of factors that
contribute to improving bicycle safety 19, One critical area of research that requires exploration is the collection of
naturalistic cycling data, as this type of data can be crucial for advancing several niches of bicycle safety 11112l By
gathering data in actual cycling conditions, researchers can gain a better understanding of the different factors that
contribute to bicycle collision, injuries, and fatalities 22, This method allows a more comprehensive and holistic
approach to studying bicycle safety as it captures information on the interactions between cyclists, motorists,
pedestrians, and the surrounding environment 24!, Furthermore, such data can help researchers define cyclist
behaviors and comprehend the factors that influence cyclists’ decision-making process while on the road 131,
Finally, naturalistic cycling data can provide insights into how conditions of the road are associated with cyclist
safety and comfort (28], In recent times, technological advancements have made collecting naturalistic cycling data

more feasible.

In the last two decades, several methods have been introduced for collecting naturalistic and non-naturalistic
cycling data, including surveys and GPS 17, video footage (28129 virtual reality 29, and other sensors (e.g., LIDAR
and ultrasonic sensor) [2122 the latter being the use of commercial sensors installed on a bicycle (i.e.,

instrumented bicycles) BIRIEI2Y or combined in one device that can be mounted on bicycles [231241125]

The development of IBs and devices for the collection of naturalistic cycling data has brought important
contributions to the field of naturalistic cycling, ranging from improving performance tracking to improving traffic
safety. Some of the first instrumented bicycles were introduced by Joo and Oh (2013) 4 to monitor cycling
infrastructure and by Dozza, Werneke, and Fernandez (2012) B and Dozza and Werneke (2014) © to identify
factors that influence cyclist safety. As IBs depend on the installation of several sensors to the bicycle, the quantity
of sensors that could be used is limited by the space available on the bicycle. The study budget could also limit the
number of sensors used. Therefore, the number and type of sensors utilized to instrument a bicycle highly depend
on the objective of the study, which hinders the application of the same IB to different studies. For example, while
Joo and Oh (2013) @ equipped a bicycle with a GPS computer and an IMU board, Dozza, Werneke, and
Fernandez (2012) & and Dozza and Werneke (2014) 8 equipped a bicycle with six sensors (e.g., HMI, GPS, IMU,

Brake Force sensor, Speed sensor, Start-Stop sensor), a wireless modem, and a camera. However, all authors
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combined the data acquired using a separate software, which required synchronization and interpolation of the
data. In another study, Dozza, Rasch, and Boda (2017) [ introduced the use of an RPi as data logger to integrate
the data collected from an IMU, a speed sensor, and an angle sensor installed in a bicycle. The introduction of the
RPi contributes to reducing the costs involved in performing data integration post-processing, but the configuration

of the IB is still bulky and can interfere with how the volunteer would normally ride.

The most recent iterations of IBs include the adoption of more advanced sensing technologies such as LiDAR (28]
and virtual reality 27, The concept of IBs has also been adapted to other non-motorized vehicles, such as electric
bicycles and e-scooters 141281 pgrez-Zuriaga et al. (2022) (28] equipped an e-scooter with two ultrasonic sensors,
an IMU, a video camera GPS, and an RPi to collect LPD and the vibrations experienced by the e-scooter users
when riding on a bicycle lane. A study by Ma et al. (2021) 29 used similar components but replaced the ultrasonic
sensor with a LIDAR sensor. Although LIiDAR improved the accuracy of distance measurements, it required a larger
case and odd positioning on the e-scooter than the configuration suggested by Pérez-Zuriaga et al. (2022) 28],
However, most IBs and instrumented e-scooters result in sensors taking up a lot of space on the bicycle, which can
interfere with the natural user behavior. Thus, other researchers started to look into alternatives to develop DAS
that can be customized to support the same sensors as IBs but are portable and can be easily mounted and un-

mounted on bicycles for collecting naturalistic cycling data, especially LPDs [23124]125]

The first efforts to produce an all-in-one device to provide an alternative to instrumenting a bicycle were made in
2019 with the first prototypes of MetreBox 28 and BSafe-360 (referred to as a portable multi-sensor platform back
then) 241, Both devices contained GPS and ultrasonic sensors and were enclosed by a customized 3D printed
case. The main difference between the devices is that while the MetreBox used only one ultrasonic sensor and an
Arduino microprocessor, the portable multi-sensor platform used two ultrasonic sensors, one on each side of the

bicycle, and a Raspberry Pi 2 B microcomputer.

Since then, other researchers have attempted to create new versions of all-in-one devices. For instance, Henao et
al. (2021) [23] developed an open-source naturalistic cycling data collection DAS (1M+) using an RPi, a time-to-
flight sensor, a GPS, a camera, and a custom 3D printed case. Nolan et al. (2021) 9 introduced the PassBox, a
DAS which is a combination of the all-in-one device with IBs approaches. The authors used a device composed of
two commercial ultrasonic sensors and a GPS receiver connected to an Arduino board enclosed by a plastic
project box. This device has the potential to become an all-in-one DAS. However, they also used two Garmin Virb
X action cameras attached to other parts of the bicycle to obtain additional video, GPS, accelerometer, and
gyroscope data, which is more similar to the 1B approach. Finally, Rudolph et al. (2022) 1 implemented the use of
the OpenBikeSensor for measuring LPD. The OpenBikeSensor is an all-in-one DAS with two ultrasonic sensors
and a GPS receiver connected to a printed circuit board (PCB) created by their research team. The DAS also has a
separate small monitor connected to the main board via external cables that allow for setting up internet

connection, privacy zones, and user identification of vehicles overtaking the bicycle 2],

https://encyclopedia.pub/entry/47681 3/6



BSafe-360 | Encyclopedia.pub

References

1.

10.

11.

12.

13.

Decae, R. European Commission (2022)—Annual Statistical Report on Road Safety in the EU,
2021; Technical Report; European Commission—European Road Safety Observatory: Brussels,
Belgium, 2022.

. The National Safety Council (NSC). Bicycle Deaths—Injury Facts. Available online:

https://injuryfacts.nsc.org/home-and-community/safety-topics/bicycle-deaths/ (accessed on 10
February 2023).

. Getman, A.; Gordon-Koven, L.; Hostetter, S.; Viola, R. Safer Cycling: Bicycle Ridership and

Safety in New York City; Technical Report; New York City Department of Transportation
(NYCDOT): New York, NY, USA, 2017.

. Joo, S.; Oh, C. A novel method to monitor bicycling environments. Trans. Res. Part A Policy Pract.

2013, 54, 1-13.

. Dozza, M.; Werneke, J.; Fernandez, A. Piloting the naturalistic methodology on bicycles. In

Proceedings of the International Cycling Safety Conference, Helmond, The Netherlands, 7-8
November 2012.

. Dozza, M.; Werneke, J. Introducing naturalistic cycling data: What factors influence bicyclists’

safety in the real world? Transp. Res. Part F Traffic Psychol. Behav. 2014, 24, 83-91.

. Dozza, M.; Rasch, A.; Boda, C.N. An Open-Source Data Logger for Field Cycling Collection:

Design and Evaluation. In Proceedings of the 6th International Cycling Safety Conference, Davis,
CA, USA, 21-22 September 2017.

. Jeon, W.; Rajamani, R. Rear Vehicle Tracking on a Bicycle Using Active Sensor Orientation

Control. IEEE Trans. Intell. Transp. Syst. 2018, 19, 2638—-2649.

. Given, L. The SAGE Encyclopedia of Qualitative Research Methods; SAGE Publications, Inc.:

Thousand Oaks, CA, USA, 2008.

Scarano, A.; Aria, M.; Mauriello, F.; Riccardi, M.R.; Montella, A. Systematic literature review of 10
years of cyclist safety research. Accid. Anal. Prev. 2023, 184, 106996.

Lawrence, B.M.; Oxley, J.A. You say one route, we observe four: Using naturalistic observation to
understand route-choices in cyclists. Saf. Sci. 2019, 119, 207-213.

Kovaceva, J.; Nero, G.; Bargman, J.; Dozza, M. Drivers overtaking cyclists in the real-world:
Evidence from a naturalistic driving study. Saf. Sci. 2019, 119, 199-206.

Johnson, M.; Chong, D.; Carroll, J.; Katz, R.; Oxley, J.; Charlton, J.L. Naturalistic Cycling Study:
Identifying Risk Factors for Cyclists in the Australian Capital Territory; MUARC—Monash
University Accident Research Centre: Clayton, VIC, Australia, 2014.

https://encyclopedia.pub/entry/47681 4/6



BSafe-360 | Encyclopedia.pub

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Dozza, M.; Bianchi Piccinini, G.F.; Werneke, J. Using naturalistic data to assess e-cyclist
behavior. Transp. Res. Part F Traffic Psychol. Behav. 2016, 41, 217-226.

Feizi, A.; Oh, J.S.; Kwigizile, V.; Joo, S. Cycling environment analysis by bicyclists’ skill levels
using instrumented probe bicycle (IPB). Int. J. Sustain. Transp. 2020, 14, 722—732.

Moll, S.; Lopez, G.; Rasch, A.; Dozza, M.; Garcia, A. Modelling duration of car-bicycles overtaking
manoeuvres on two-lane rural roads using naturalistic data. Accid. Anal. Prev. 2021, 160, 106317.

Romanillos, G.; Zaltz Austwick, M.; Ettema, D.; De Kruijf, J. Big Data and Cycling. Transp. Rev.
2015, 36, 114-133.

Zaki, M.H.; Sayed, T. Automated cyclist data collection under high density conditions. IET Intell.
Transp. Syst. 2016, 10, 361-369.

Westerhuis, F.; de Waard, D. Using Commercial GPS Action Cameras for Gathering Naturalistic
Cycling Data. J. Soc. Instrum. Control. Eng. 2016, 55, 422-430.

Nazemi, M.; van Eggermond, M.A.B.; Erath, A.; Schaffner, D.; Joos, M.; Axhausen, K.W. Studying
bicyclists’ perceived level of safety using a bicycle simulator combined with immersive virtual
reality. Accid. Anal. Prev. 2021, 151, 105943.

Gadsby, A.; Hagenzieker, M.; Watkins, K. An international comparison of the self-reported causes
of cyclist stress using quasi-naturalistic cycling. J. Transp. Geogr. 2021, 91, 102932.

Viana, J.D.F.; Neto, G.V.A.; Galdino, I.M.; Oliveira, A.M.B.; Braga, R.B.; Oliveira, C.T. A
visualization and analysis approach of cyclist data obtained through sensors. In Proceedings of
the 2017 IEEE First Summer School on Smart Cities (S3C), Natal, Brazil, 6—11 August 2017.

Beck, B.; Chong, D.; Olivier, J.; Perkins, M.; Tsay, A.; Rushford, A.; Li, L.; Cameron, P.; Fry, R;
Johnson, M. How much space do drivers provide when passing cyclists? Understanding the
impact of motor vehicle and infrastructure characteristics on passing distance. Accid. Anal. Prev.
2019, 128, 253-260.

Bernardes, S.D.; Kurkcu, A.; Ozbay, K. Design and Application of a New Mobile Sensing Device
for Detecting High-Risk Areas for City Bicyclists in Highly Congested Urban Streets. Proc. Comp.
Sci. 2019, 155, 218-225.

Henao, A.; Apparicio, P.; Maignan, D. One Metre Plus (1M+): A Multifunctional Open-Source
Sensor for Bicycles Based on Raspberry Pi. Sensors 2021, 21, 5812.

Oh, J.; Kwigizile, V.; Houten, R.V.; Feizi, A.; Mastali, M. Effects of Safe Bicycle Passing Laws on
Drivers’ Behavior and Bicyclists’ Safety; Western Michigan University: Kalamazoo, MI, USA, 2018.

Zeuwts, L.H.; Vanhuele, R.; Vansteenkiste, P.; Deconinck, F.J.; Lenoir, M. Using an immersive
virtual reality bicycle simulator to evaluate hazard detection and anticipation of overt and covert
traffic situations in young bicyclists. Virtual Real. 2023, 27, 1507-1527.

https://encyclopedia.pub/entry/47681 5/6



BSafe-360 | Encyclopedia.pub

28.

29.

30.

31.

32.

Pérez-Zuriaga, A.M.; Llopis-Castelld, D.; Just-Martinez, V.; Fonseca-Cabrera, A.S.; Alonso-
Troyano, C.; Garcia, A. Implementation of a Low-Cost Data Acquisition System on an E-Scooter
for Micromobility Research. Sensors 2022, 22, 8215.

Ma, Q.; Yang, H.; Mayhue, A.; Sun, Y.; Huang, Z.; Ma, Y. E-Scooter safety: The riding risk analysis
based on mobile sensing data. Accid. Anal. Prev. 2021, 151, 105954.

Nolan, J.; Sinclair, J.; Savage, J. Are bicycle lanes effective? The relationship between passing
distance and road characteristics. Accid. Anal. Prev. 2021, 159, 106184.

Rudolph, C.; Lammet, M.; Metzler, S.; Ingram, Z. Too close? Investigating the distance between
cars and bikes when overtaking with regards to the infrastructure using the OpenBikeSensor and
information from OpenStreetMap. In Proceedings of the Contributions to the 10th International
Cycling Safety Conference 2022 (ICSC2022), Dresden, Germany, 8—10 November 2022; pp.
261-263.

OpenBikeSensor. Available online: https://www.openbikesensor.org/en/ (accessed on 21 June
2023).

Retrieved from https://encyclopedia.pub/entry/history/show/107855

https://encyclopedia.pub/entry/47681 6/6



