Assessing the overtaking lateral distance between motor vehicles and bicycles – Influence on energy consumption and road safety
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[bookmark: _Hlk6901321]Abstract. The main objective of this paper is to analyse the impacts of the overtaking lateral distance between a bicycle and a motor vehicle (MV) on road safety and energy consumption at two-lane urban roads. An on-board sensor platform was installed on a probe bicycle to measure the overtaking lateral distance and dynamic data. The Bicycle Specific Power (BSP) methodology was used to estimate human required power to ride a bicycle while Vehicle Specific Power (VSP) was used for MVs. The results showed that 50% of overtaking lateral distance were lower than 0.5m in the peak hours. The BSP and VSP analyses for different values of overtaking lateral distance did not result in any relationship between variables. There was a good fit (R2 >0.67) between traffic volumes and overtaking lateral distance in the peak hours. On average, the MVs energy consumption in the afternoon was 92% higher than the morning peak periods.         
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1. Introduction and Objectives
[bookmark: _Hlk6947662]Cycling offers some important financial, health and social benefits to the users and the environment. Accordingly, cycling is increasing day by day in Europe and in the United States [1, 2]. However, traffic safety concerns could be of high importance for cyclists since they might be more vulnerable to be potentially exposed to injuries in a collision than the driver of a motor vehicle (MV) [3, 4]. 
In 2016, 2,015 cyclists were killed in road crashes in the European Union (EU28) countries, constituting 8% of all road crashes fatalities [5]. In the same year, 840 cyclists were killed in the United States (US) which accounted for 2.2 percent of all traffic fatalities [6].  
Although bicycle-MV crashes are more severe on rural roads compared to the urban areas [7, 8], the frequency of crashes on urban roads is typically higher. One of the main reasons is due to the high speed and manoeuvrability ability of MVs at rural roads [8]. MV speed on rural roads is higher than urban areas, while this high speed can increase safety concerns since it may lead to dangerous overtaking manoeuvres [9].   
Other authors also emphasized that MV speed is a fundamental risk factor in cyclist safety mainly when a MV overtaking a bicycle [8], [10]. Ata and Langlois [11] found that the speed of overtaking MVs can affect the lateral distance at urban streets.
Since bicycle size is smaller than MV, it is possible to use more than one bicycle instead of a MV to improve lane use in urban areas. According to the official guidelines from Danish Road Directorate [3], a 2 m wide one-way cycle path has a capacity of 2,000 cyclists while in reality is able to unroll 5,200 cyclists per hour. However, if cyclists use the same lane as MVs, the overtaking lateral distance between bicycle and MV is a key concern regarding cyclists’ safety [10], [12]. The overtaking manoeuvrability of drivers [13] can change the behaviour of other MVs and cyclists such as rapidly braking or acceleration. This can represent some safety challenges, especially in narrow lanes and congested traffic situations. 
The minimum standard of overtaking lateral distance (the distance between the overtaking MV and the bicycle) in most of the countries is 1.5 m although it is 1 m in some states of the USA [9]. Generally, MVs are required to keep the minimum distance of 1.5 m [8, 9], [12] when passing a bicycle. Overtaking lateral distance is the distance between a MV and a bicycle when the driver is driving straight in the adjacent lane to overtake the bicycle on a road [7, 9].            
It is well-recognized that MV overtaking speed is one of the most important parameters affecting MV-bicycle lateral distance, and therefore, the cyclist safety [8], [14]. Debnath et al. [10] measured the overtaking lateral distance between bicycles and MVs based on the speed limit at different zones in the State of Queensland, Australia. They found that when the speed limit is between 70-80 km/h and lower than 40 km/h, the overtaking distance variation comply with the law at curved road sections, and on roads with narrower traffic lanes.
Several studies have shown how the lateral distance variation is influenced by infrastructure design [14, 15, 16], MV speed at rural roads [8, 9] and urban roads [17], and driving behaviour [12], [18, 19]. However, there is a lack of research to evaluate the relationship between overtaking lateral distance and specific power considering both MVs and bicycles.   
Drivers’ decision to keep constant speed or instantaneous decisions to change the speed and subsequently acceleration/deceleration (aggressive driving behaviours) can affect energy consumption, pollutant emissions and safety [15], [20]. Cyclists have more manoeuvrability than MVs but they are more exposed to damage than a MV during a crash [3, 4].
Although riding a bicycle is a simple activity, it requires more human energy for long distances when a conventional bicycle is used. Due to the long-distance travel between origin and destination or road conditions (uphill), a cyclist can feel tired and he/she may not be to use a bicycle [21]. In this context, Mendes et al. [22] developed a methodology to quantify the expended energy of a cyclist using a conventional bicycle which stands for Bicycle Specific Power (BSP). BSP followed a concept widely used to estimate engine load for MV that is the Vehicle Specific Power (VSP) [23]. This regression-based methodology uses dynamic information (speed and acceleration on a second-by-second basis) and topographic conditions (slope) for MV trips. 
This paper addressed the impacts of overtaking lateral distance variation between a bicycle and a motor vehicle (MV) on road safety and energy consumption in two urban corridors with variations in cyclist and traffic volumes, and speeds using Global Navigation Satellite System (GNSS) receivers. The main novelty of this paper is the establishment of a relationship between overtaking lateral distance, and BSP, VSP and traffic flow characteristics in different peak hour periods.
The outcome of this work is ultimately to increase the cycling safety at two-lane urban roads by developing a methodology based on the overtaking lateral distance measurements and cyclist/MV energy consumption during the overtaking manoeuvre. Therefore, the specific objectives of this paper are as follows: 
· To analyse the driving volatility impact on road safety considering the bicycle and MV overtaking lateral distance variation and acceleration/deceleration variation;
· To assess the relationship between bicycle-MV overtaking lateral distance variation with Vehicle Specific Power (VSP) and Bicycle Specific Power (BSP);
· To assess the impact of traffic volume variation on bicycle-MV overtaking lateral distance variation. 
1. Methodology
The methodology of this study relies on field measurements and on-board platform of sensors to measure the overtaking lateral distance between bicycle and MVs (see Fig. 1). Site-specific operations were characterized using videotaping system and manual counting. Concurrently, second-by-second bicycle and vehicle dynamic data were collected using GNSS travel recorders. After that, VSP and BSP were used to compute MV and cyclist energy used during the peak hours, then correlations between overtaking lateral distance and above variables were explored.
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Fig. 1. Methodological framework. 

1. Instrumented Bicycle  
The bicycle was instrumented with different sensors and hardware components, as illustrated in Fig. 2. A microcontroller, ESP8266, was used to control and manage the peripheral hardware. The software was developed and compiled on the microcontroller. This component is able to store and process an instruction from the developed software [24].
To obtain the real-time location coordinates of the vehicle, a GNSS module named GPS-NEO-M8N was used. The system has low power consumption and small dimensions (25x35mm [boars] + 25x25mm [antenna]), and it can receive a signal from various satellite constellations (such as GPS and GLONASS) and follows the NMEA (National Marine Electronics Association) data protocol to communicate with other devices [25].
To track the linear acceleration and angular velocity, the motion-processing unit MPU-6050 was used. This device collects and processes the data from its accelerometers and gyroscopes (one for each axis) and stores the output into memories that can read by the microcontroller. The device also has a temperature sensor [26]. 
An ultrasonic distance sensor (LV-MaxSonar-EZ1) records the lateral distance of vehicles overtaking by sending ultrasonic waves that are subsequently detected after its reflection in the obstacles. From the time between the sending signal and its echo, the sensor determines the distance to the reflecting object considering the speed of the sound, 340 m/s [27]. All the data obtained by the sensors are collected and pre-processed by the microcontroller. Then it is sent to a GSM/GPRS modem (SIM900) that is responsible for the data transmission to the database server through a mobile network, using TCP/IP messages. To be able to connect to the mobile network, a SIM card is required [28]. 
This platform of sensors (Fig. 2) can store all dynamic and non-dynamic data in the database server and send it to the end user in real time. The end user can track the cyclist and monitor the bicycle's position and real-time data sent by the sensors. All sensor collected distances that were less than 1.5m. For purpose of analysis, the results are classified into three groups: x<0.5m, 0.5m≤x<1m and 1.0m≤x<1.5m (x<1.6ft, 1.6ft ≤x<3.3ft and 3.3ft≤x<4.9ft).   

[image: ]
Fig. 2. On-board platform of sensors for enhancing safety of cyclists.
1. Data collection and processing  
Two case studies with different specifications, such as different average speeds (section 3.2), traffic volumes (Table 1) and road conditions for both bicycle and MV were selected to develop the methodology in the city of Aveiro, Portugal.
The first case study (A) is a corridor with two-lane urban roads at each direction and four intersections with 4 traffic lights (Fig. 3) that is located in the city centre. This corridor was selected since it connects the train station to the city centre, thus representing a relevant trip generator of MVs and bicycles. Case study A has 760 vehicles per hour (vph) and 26 bicycles per hour (bph) at peak hours. The distance between points A and B is 1.1 km, approximately 4m road width at each direction. Between B and C (~250 m) road has only 3m width with one lane in the travel direction. The second case study (B) is an urban network with four alternative routes (A, B, C and D) between University of Aveiro campus area and one of the city shopping malls (Fig. 3). Traffic movements included two three-leg intersections, one roundabout and four alternative routes. This case study has 460 vph and 10 bph at peak hours. Both case studies A and B are located in a flat terrain.             
The sensors, camera and GPS were installed on a conventional bicycle to collect dynamic data and using two different male and female riders between 24 and 37 years old. An equipped light-duty gasoline vehicle with GPS performed several trips along the studied locations where a GNSS device recorded vehicle speed and deceleration/acceleration rates in a 1-second interval. The minimum number of runs (sample size) was 9 for each direction in each case study based on site-specific traffic signal density (<3 traffic lights/1.6 km) [29]. Thus, 40 GP runs were conducted in this research (20 per site) [29].
Table 1. Data collection specification for each case study.     
	Case study A
	
	Case study B
	

	Average (vph) – 8h00-9h30 AM
	536
	Average (vph) – 8h00-9h30 AM
	328

	Average (vph) – 5:00-7:00 PM
	984
	Average (vph) – 5:00-7:00 PM
	592

	Average (bph) - 8h00-9h30 AM
	22
	Average (bph) – 8h00-9h30 AM
	9

	Average (bph) – 5:00-7:00 PM
	30
	Average (bph) – 5:00-7:00 PM
	12

	Total road coverage (km)
	55
	Total road coverage (km)
	65

	Number of runs
	25 
	Number of runs
	23


Note: AM between 8:00-9h30 AM;

Data were collected in four typical weekdays (Tuesday and Wednesday for each case study) during the morning (8h00-9h30 AM) and the afternoon (5h00-7h00 PM) peak periods. Traffic volumes were counted manually at 5 different points in each direction (Fig. 3) with 15-minute intervals for case study A. For case study B, traffic volumes were recorded manually at the entrance of each route by video recording at two signalized intersections and a roundabout near the destination point of the case study (Fig. 3). As in case study A, the traffic volumes were classified in 15-minute intervals.   
Driving volatility represents the extent of speed and consequently acceleration/deceleration variations during the MVs movement [30]. The speed and acceleration/deceleration profiles of bicycles and MVs were extracted to analyse the driving volatility such as sudden or rapid acceleration/deceleration during bicycle-MV interactions. 
Critical and extreme variations can occur due to hard acceleration or braking by drivers [30]. After identifying these critical points from data, the reason of these behaviours (peak points) was analysed using video recording.    
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Fig. 3. Layout of the case study with the identification of traffic monitoring points (  ), case study A (on the left) and case study B (on the right) [Background Source: Bing Maps].  
0. VSP and BSP Data Analysis
The selected methodology to estimate the vehicle power consumption variation was based on the concept of VSP that is mathematically defined as follows (Equation 1) [23], [31]:

VSP = v.[1.1 a + 9.81 sin (arctan (grade)) + 0.132] + 0.000302v3    (1)

where: 

VSP =Vehicle specific power [kilowatt/ton];
v = motor vehicle instantaneous speed [m/s];
a = motor vehicle acceleration/deceleration rates [m/s2];
grade – terrain gradient [slope]. 

Each VSP value refers to one of 14 modes for Light Duty Vehicles (LDV) (see Table 2) which in turn are associated with a rate of energy consumption and emissions [22], [32]. 
BSP is estimated second-by-second using the power needed to ride a conventional bicycle, as given by Equation 2 [25]: 

BSP = vcyclist.[1.01 acyclist + 9.81 sin (G) + 0.078] + 0.0041 vcyclist3    (2)

where: 

BSP = Bicycle specific power [watt/kg];
vcyclist = Cyclist instantaneous speed [m/s];
 acyclist = Cyclist acceleration/deceleration rates [m/s2];
G = Road grade [slope].

Each BSP value is divided into 11 modes (Table 2) that represent one levels of human energy consumption to ride a conventional bicycle. It should be mentioned that the definition of modes and BSP values varied according to the type of bicycle (e.g. electric bicycle, conventional bicycle [22]. 

Table 2. Binning method for VSP in LDV [23], and BSP for conventional bicycles [22].
	VSP
	
	
	BSP
	

	Range (kW/ton)
	Mode
	
	Range (W/kg)
	Mode

	VSP < -2
	1
	
	BSP < -4
	< -4

	-2 ≤ VSP < 0
	2
	
	-4 ≤ BSP < -3
	-4

	0 ≤ VSP < 1
	3
	
	-3 ≤ BSP < -2
	-3

	1 ≤ VSP < 4
	4
	
	-2 ≤ BSP < -1
	-2

	4 ≤ VSP < 7
	5
	
	-1 ≤ BSP < -0
	-1

	7 ≤ VSP < 10
	6
	
	BSP = 0
	0

	10 ≤ VSP < 13
	7
	
	0 ≤ BSP < 1
	1

	13 ≤ VSP < 16
	8
	
	1 ≤ BSP < 2
	2

	16 ≤ VSP < 19
	9
	
	2 ≤ BSP < 3
	3

	19 ≤ VSP < 23
	10
	
	3 ≤ BSP < 4
	4

	23 ≤ VSP < 28
	11
	
	BSP > 4
	> 4

	28 ≤ VSP < 33
	12
	
	
	

	33 ≤ VSP < 39
	13
	
	
	

	VSP ≥ 39
	14
	
	
	


1. Results and Discussion
In this section, the main results from the field measurements are analysed during the bicycle-MV interactions. It proceeds in four sections: First, the overtaking lateral distances are presented (Section 3.1) followed by acceleration/deceleration profiles (Section 3.2) and resulting VSP-BSP mode distributions (Section 3.3). Lastly, the hypotheses are defined and tested (Section 3.4).
2. Bicycle-MV overtaking distance
The extracted data from sensor showed most of the overtaking lateral distance (~75%) occurred in values lower than 1.0 m in both periods (Fig. 4), regardless of the case study. However, the distribution of intervals varied between periods. Regarding case study A, about 56% of bicycle-vehicle overtaking distances were below 0.5 m during afternoon peak but it decreased (in relative terms) in the morning peak (42%). The reason for this result may be due to the differences in traffic volumes between periods (on average, 84% higher in the afternoon peak) that results in less available space for overtaking. Similarly, the results for case study B indicated that about 34% of bicycle-vehicle overtaking distances were below 0.5 m during morning peak hours and increased up to 49% in the afternoon.
It is important to emphasise that frequency of the overtaking lateral distance situations for case study B (~25%) is lower than case study A (Fig. 4). It could be due to lower traffic volumes in case study A compared with case study B.    
Another explanation for these distances was due to the location where overtaking occurred. For instance, most of these situations occurred near point B (Fig. 3), which has only one circulating lane by direction.  Cyclists should avoid riding close to the right edge of the road while at the same time they should care about the overtaking distance from the left side. This situation can increase the risk of a crash in narrow shared lanes.     



Fig. 4. Bicycle-MV overtaking distance variation (metres) in morning and afternoon peak hours. 
3.2.	Bicycle-MV Acceleration/Deceleration Profile 
Bicycles moving at lower speeds than MVs can have more manoeuvrability to use any part of the lane for safety purposes. The average speed values by mode and case study were as follows:
· MVs in case study A – 20 km/h in the morning peak hour and 17 km/h in the afternoon peak hour;
· Bicycles in case study A – 13 km/h in the morning peak hour and 10 km/h in the afternoon peak hour;
· MVs in case study B – 28 km/h in the morning peak hour; 22 km/h in the afternoon peak hour;
· Bicycles in case study B – 15 km/h in the morning peak hour and 12 km/h in the afternoon peak hour.

The above-mentioned results indicated higher speed values in case study B, regardless of the peak period. This point may be explained by the high volume-to-capacity ratio in case study A (up to 0.65) even though corridor has two lanes in travel direction.
The analysis of the bicycle acceleration/deceleration profiles showed similar profiles within transport mode in the morning and afternoon regardless of the case study. Bearing this in mind, one profile was selected from the morning and afternoon data samples for bicycles and MVs, as shown in Fig. 5. It was found that, regardless of the case study, the range of acceleration/deceleration rates in the morning was higher than in the afternoon. This may be due to the fact that traffic volumes are higher in the afternoon peak periods, resulting thus in more stop-and-go cycles due red signals, pedestrians at crosswalks or yielding to circulating traffic at roundabouts. Other reason behind these peak points of driving volatility is that MVs or cyclists did braking manoeuvres to avoid the crash with those vehicles that were moving from the parking area to the travel lane or because of suddenly opening of the door into the path of the bicycle. There was some evidence that the high bicycle acceleration/deceleration rates were caused by drivers who opened car doors into the path of an approaching cyclist or others who illegally parked MVs at the right-hand side of the road (mainly on the bicycle path).
Riding and driving behaviours of cyclists and drivers were analysed at narrow sections of lanes (250m from C to B and B to C) in case study A (see Fig. 2). Travel start and stop times from point C to B were extracted from videotapes using GPS data. The results showed that there is no evidence of high acceleration/deceleration rates and MVs behaviour and manoeuvrability were proper at narrow sections of lanes while the most overtakes of less than 0.5m overtaking lateral distance occurred at these sections of lanes. Cyclists have to pay more attention to left and right sides when the lane is narrow, whereas it seems that drivers also care more about cyclists in these areas.  
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Fig. 5. Bicycle and MV acceleration/deceleration profiles at peak hours: (a) morning case study A; (b) afternoon case study A; (c) Morning case study B;(d) afternoon case study B.  
3.3. VSP and BSP Modes Distribution    
VSP and BSP values were calculated against the time spent by MV and bicycle in their modes. Fig. 6 a, and c represent the distribution of BSP modes for a conventional bicycle during the peak hours. On average, the bicycle spent more time in mode 1 (50%) than other modes in both morning and afternoon periods regardless of the case study. This finding was confirmed by Mendes et al. [22] about conventional bicycles. The higher percentage of mode 1 may be since cyclists do not need high human power to ride a bicycle or may be due to the low speeds of bicycles. Regarding the distribution of the modes, no significant differences were observed between the morning and the afternoon peak hours. To examine the consistency between the morning and afternoon VSP mode distributions, the two-sample Kolmogorov-Smirnov statistical test (K-S test) for the analysis of histograms with 99% confidence level was used for both case studies A and B. The mean of BSP values showed only 7% and 9% difference between morning and afternoon in case studies A and B, respectively.              
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Fig. 6. (a) Bicycle Specific Power (BSP); (b) Vehicle Specific Power (VSP) modes distribution in case study A; (c) Bicycle Specific Power (BSP); (d) Vehicle Specific Power (VSP) modes distribution in case study B, in morning and afternoon peak hour. 

The results confirmed that on positive BSP modes, the bicycle spent more time (83% and 79% in case study A and B, respectively) compared with the negative modes (17% and 21% in case studies A and B, respectively) in both morning and afternoon peak hours. Fig. 6 b, and d represent the distribution of VSP modes for MVs during the peak hours. VSP modes distribution in case study A are approximately same in the morning and the afternoon peak hours while the variation of VSP modes is higher in case study B. It can be due to the more space available for the movement in case study B than A. The average speed of case study B (25.2 km/h) (considering both the morning and afternoon periods) was 34% more than case study A value (18.8 km/h). 
MVs spent on average more time in mode 3 (31% and 28% in case study A and B respectively) and mode 4 (27% and 23% in case study A and B respectively) than other modes in both the morning and afternoon peak hours. Mode 3 represents idling and low speed situations while mode 4 represents accelerations at low speeds. 
CO2 emissions were calculated based on the VSP concept [23] for the gasoline MVs in peak hours in order to assess the energy consumption. Regarding the direct correlation between CO2 emissions and energy consumption, energy consumption was found to be increased by 92% in the afternoon compared with the morning. 
The results showed that 17% and 32% of CO2 emissions in the morning and 16% and 37% in the afternoon were generated in mode 3 (idling or low speed situations) and mode 4 (acceleration at low speeds) in case study A. About case study B, mode 3 and 4 have corresponded to 14% and 27% of CO2 emissions in the morning and 12% and 16% in the afternoon in case study B. As shown in Fig. 6 b-c, the frequency of time distribution for modes 3 and 4 was approximately the same in the morning and the afternoon. The mean of VSP values showed only 4%-6% difference between morning and afternoon.  
3.4.	Hypothesis testing 
The relationships between overtaking lateral distance and VSP/BSP mode and traffic volume were investigated. The morning overtaking lateral distance values were on average higher than the afternoon period when the traffic volumes were lower. Therefore, the authors decided to evaluate the impact of traffic volume on overtaking lateral distance variation and the following hypothesis was defined:

· Overtaking lateral distance variation was expected to have less impact on VSP and BSP modes than traffic volumes.

The results from Fig. 7 seem to confirm above hypothesis. First, no correlation (coefficient of determination – R2 < 0.07 and R2 < 0.02 in case studies A and B, respectively) was found between VSP/BSP and overtaking distance variation, regardless of the time period. 
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Fig. 7. Correlation between overtaking distance variation and traffic volume variation: (a) Morning and afternoon peak in case study A; (b) Afternoon and afternoon peak hour in case study B

Second, scatter plots indicated that traffic volumes (15-min intervals) and overtaking lateral distance followed a linear trend both in the morning and afternoon peak hours (R2 = 0.68 and R2 = 0.73 in case studies A and B, respectively). Both intercept and slope parameters had p-values lower than 0.05, thus indicating statistical significance. Table 3 summarises the statistical analysis of models separately for the morning and afternoon periods.     
Table 3. Summary of statistical analysis for model coefficients between traffic volumes and overtaking lateral distance variation.
	Period
	Model 
Parameter
	Coefficients
	Standard
 Error
	T statistics
	p-value

	Case study
A
	Morning peak
	Intercept
	946.2
	199.7
	4.7
	0.003

	
	
	Variable X1
	-1565.2
	445.8
	-3.5
	0.013

	
	Afternoon peak
	Intercept
	252.0
	43.9
	5.7
	0.004

	
	
	Variable X2
	-195.6
	72.1
	-2.7
	0.037

	Case study
B
	Morning peak
	Intercept
	736.21
	217.6
	3.1
	0.011

	
	
	Variable X1
	-423.3
	332.1
	-2.2
	0.004

	
	Morning peak
	Intercept
	317.1
	100.5
	3.8
	0.002

	
	
	Variable X2
	-1205.4
	215.3
	-4.1
	0.027



Results from Fig. 7 and Table 3 confirmed that the traffic volume variation had a moderate effect on overtaking lateral distance between bicycles and MVs during the peak hours. Regardless of the case studies, it can be concluded that overcoming lateral distance between the bicycle and the MVs decreases with increasing traffic volume. 
Since the traffic volumes were collected at different segments of case study A and at different routes of case study B, the results of correlation between overtaking lateral distance and traffic volume variation can be applied to all the corridor (case study A) and the network (case study B). The linear coefficient model within a 95% confidence level was applied to show the relationship between traffic volumes and overtaking lateral distance. Variable Y represents the overtaking lateral distance while X1 and X2 represent traffic volumes in the morning and afternoon periods, respectively.  
1. Conclusions
This paper represents an evaluation of the impacts of the bicycle-MV overtaking lateral distance on driver and cyclist behaviours, safety and BSP/VSP mode distributions. Field measurements were conducted in a real-world corridor with traffic lights and an urban network with four alternative routes. The analysis was based on overtaking lateral distance measurements extracted from a platform of sensors installed on a conventional bicycle. Measurements were carried out in morning and afternoon peak hours. Bicycle and MV GPS data were also used to characterize road user behaviours.
[bookmark: _GoBack]More than 75% of the total overtaking lateral distances were lower than 1 m, and 50% were lower than 0.5 m, thus confirming some issues regarding the cyclist safety. It was found that lowest overtaking lateral distances (<0.5 m) occurred in segments with high traffic volumes segments with resulting lack of road space during the interaction between motor vehicles and cyclists. The analysis of acceleration/deceleration profiles confirmed that bicycles and MVs had similar behaviour in both periods, but the trend of acceleration/deceleration for MVs was higher than bicycles regardless the case studies. 
The analysis of relationship for traffic volumes and overtaking lateral distances showed moderate to good fit between these variables (R2 = 0.68 and R2 = 0.73 for case studies A and B respectively). In contrast, no correlation was observed between overtaking lateral distance and BSP/VSP modes.     
 Although dynamic data used in this paper was stored before processing, one of the main contributions of this paper is the integration of real-time driving volatility information on a platform to alert road users about potential proximity with cyclists, and as result, some crashes. 
Future study would consider the impact of age, gender or colours of clothes of cyclists on overtaking distances, and different types of road.
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