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Abstract 

This study examines the effectiveness of different traffic calming devices in reducing vehicle speeds 
on a regional road in Montenegro. Traffic data were collected using unmanned aerial vehicles and 
analysed with DataFromSky software for 12207 vehicles. The results show that vertical measures, 
such as rubber humps and asphalt platforms, are the most effective in reducing speeds, while lane 
narrowing and rumble strips have limited impact. These findings highlight the importance of 
selecting appropriate traffic calming measures to improve road safety, particularly in high-risk 
areas. 

Keywords: traffic calming devices, speed management, DataFromSky 

 

I. INTRODUCTION 

Speeding is one of the most influential risk factors in road traffic accidents, as it directly affects both 
the likelihood of a crash and the severity of its consequences (Aarts & Van Schagen, 2006). Higher 
vehicle speeds reduce the available reaction time for drivers, increase stopping distances, and 
intensify the kinetic energy released during a collision, which significantly raises the probability of 
severe injuries or fatalities. Even relatively small increases in speed can lead to disproportionately 
higher risks, particularly for vulnerable road users such as pedestrians, cyclists, and motorcyclists. 
Previous research indicates that a 1% increase in vehicle speed is associated with an approximately 
11% increase in pedestrian fatality risk in the event of a collision (Kruszyna & Matczuk-Pisarek, 
2021). For this reason, speed limits of 30 km/h are widely considered appropriate in areas with 
frequent pedestrian activity, such as school zones and residential streets. 

In response to these safety concerns, speed management has become a central objective of 
modern traffic safety policy. One of the most commonly applied approaches involves the 
implementation of traffic calming devices, which aim to physically or perceptually influence driver 
behavior and encourage compliance with posted speed limits. These measures are particularly 
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important in locations with increased conflict potential between motor vehicles and vulnerable 
road users. In Montenegro, traffic calming measures defined by national regulations include speed 
humps, raised platforms, partial platforms, lane narrowings, rumble and vibration strips, as well as 
optical warning elements and other visual cues. While such devices are widely used, their 
effectiveness varies depending on their design, placement, and local traffic conditions. Therefore, 
systematic evaluation under real traffic conditions is essential. This study addresses this need by 
assessing the effectiveness of selected traffic calming devices using drone-based data collection, 
which enables objective observation of vehicle behavior without influencing drivers. 

Previous studies consistently confirm the effectiveness of vertical traffic calming measures. 
Johansson et al. (2011) found that speed cushions placed before pedestrian crossings reduced 
average speeds to approximately 22–23 km/h and improved driver yielding behavior. Antić et al. 
(2013) reported speed reductions of up to 37% depending on hump height. Raised platforms have 
also been associated with substantial reductions in injury crashes, particularly when combined with 
pedestrian crossings (Makwasha & Turner, 2017). 

In contrast, horizontal measures such as lane narrowing and rumble strips often produce weaker 
effects. Andrijašević et al. (2024) showed that rumble strips reduce speed modestly but rarely 
ensure compliance with posted limits. These findings highlight the need for comparative 
evaluations under similar traffic conditions. 

 

II. METHODOLOGY 

Research was conducted at five 30 km/h zones featuring traffic calming on the R-23 Podgorica-
Danilovgrad route. The spatial distribution of the analysed locations along the R-23 corridor is 
presented in Figure 1. The selected sites were chosen to enable a comparative assessment of traffic 
calming measures under similar traffic, geometric, and environmental conditions, while differing 
primarily in the type of installed device. 

Traffic flow was recorded using a DJI Mini 3 unmanned aerial vehicle, allowing unobtrusive data 
collection without direct interaction with drivers and thus ensuring natural driving behaviour, as 
confirmed in previous studies (Andrijašević et al., 2024). DataFromSky AI software was used to 
process video footage for precise vehicle tracking and traffic analysis. 

Within the software environment, four virtual cross-sections (gates) were defined for each traffic 
direction: 30 m and 15 m upstream of the traffic calming device, directly at the device, and 15 m 
downstream. This gate configuration allowed for detailed analysis of vehicle speed and acceleration 
patterns before, during, and after the interaction with the traffic calming element. 
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The final dataset comprised a total of 12207 vehicles, providing a robust empirical basis for 
statistical analysis. Preliminary examination of the data revealed that vehicle speed distributions 
deviated from normality; therefore, nonparametric statistical methods were applied. Differences 
in vehicle speeds between traffic directions and between locations were assessed using the Mann–
Whitney U test, while differences across multiple gates were evaluated using Friedman’s analysis 
of variance (Spiegel et al., 2011). This methodological approach ensured reliable identification of 
statistically significant effects attributable to the presence and type of traffic calming devices. 

 

III. RESULTS 

Analysis was based on 12,207 vehicles across five sites on the R-23. Data distribution (Table 1) 
ranges from a high of 31.07% at Location D to a low of 7.8% at Location E. This uneven distribution 
reflects differences in traffic volumes and lane configurations at the observed sites, particularly the 
fact that rumble strips were installed in only one traffic lane. Nevertheless, the sample size at all 
locations was sufficient to support statistically reliable comparisons. 

Vehicle speed analysis across the defined gates revealed clear and statistically significant 
differences, confirming the influence of traffic calming devices on driving behavior. When 
comparing speeds at the entry gate (30 m upstream) and at the device itself (gate 0 m), a noticeable 
reduction in speed was observed, particularly at locations equipped with vertical deflection 
measures. These differences are more clearly illustrated by the Box & Whisker diagrams shown in 
Figure 2, which present the median, minimum, and maximum speeds, as well as the interquartile 
ranges (25–75% of the analysed vehicle sample) for each measurement gate. 

As shown in Figure 2, the lowest vehicle speeds were consistently recorded at gate 0 m, 
corresponding to the position of the traffic calming device. At this gate, the interquartile range of 
speeds varied between approximately 18 km/h and 42 km/h, with the lowest interquartile value of 
18 km/h observed across all gates. In contrast, higher speed values were recorded at the upstream 
gate located 30 m before the device, where the interquartile range extended from approximately 
37 km/h to 46 km/h, representing the highest typical speeds prior to interaction with the calming 
measures. At the intermediate upstream gate (15 m) and the downstream gate (+15 m), similar 
interquartile speed ranges were observed, indicating gradual deceleration when approaching the 
device and a controlled acceleration after passing it. This pattern confirms the presence of a 
localized traffic calming effect extending beyond the device itself. 

Friedman’s analysis of variance confirmed that the observed differences in speed distributions 
between the gates were statistically significant (p < 0.001), indicating that traffic calming devices 
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have a measurable impact on vehicle speeds not only at the point of installation but also within 
their immediate influence zone. 

A more detailed comparison of speeds at gate 0 m further highlighted substantial differences 
between individual traffic calming device types. The lowest median speeds were recorded at 
Location B (rubber humps), with a median value of 16.9 km/h, followed by Location D (asphalt 
platform), where the median speed was 18.4 km/h. These values are well below the posted speed 
limit of 30 km/h, demonstrating that vertical traffic calming devices effectively enforce speed 
reduction and promote compliance in school zone conditions. In contrast, Location C (lane 
narrowing) exhibited the highest median speed at gate 0 m, reaching 62.9 km/h, along with the 
widest interquartile range and the highest maximum recorded speed (132 km/h), indicating both 
poor speed-reduction performance and substantial variability in driver behavior. 

The limited effectiveness of lane narrowing can be partly attributed to site-specific conditions, as 
data were collected during both vehicle encounters and free-flow situations. When opposing traffic 
was absent, drivers often had access to the full available roadway width, reducing the perceived 
constraint and allowing higher speeds. Location E (rumble strips) showed a moderate reduction in 
speed compared to lane narrowing; however, median speeds remained above the legal limit, 
indicating that this measure alone is insufficient to ensure adequate speed control in high-risk 
zones. 

Statistical testing further confirmed these observations. The nonparametric median test revealed 
statistically significant differences in speed distributions at gate 0 m across the analysed locations 
(p < 0.001), demonstrating that the type of traffic calming device has a decisive impact on vehicle 
speed. Additionally, Mann-Whitney U tests indicated statistically significant differences in speed 
between traffic directions, suggesting that roadway geometry and driving dynamics also influence 
speed behavior. 

Overall, the results clearly show that vertical traffic calming measures, such as rubber humps and 
asphalt platforms, are substantially more effective than horizontal or perceptual measures, such as 
lane narrowing and rumble strips. Furthermore, the analysis confirms that the influence of traffic 
calming devices extends beyond the device itself, affecting driver behavior in the immediate 
upstream and downstream areas. These findings provide strong empirical support for prioritizing 
vertical traffic calming devices in school zones and similar environments with a high presence of 
vulnerable road users. 

 

IV. DISCUSSION/CONCLUSION 
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The results clearly confirm that vertical deflection measures are substantially more effective in 
reducing vehicle speeds than horizontal or perceptual traffic calming devices. Rubber speed humps 
and raised asphalt platforms enforce speed reduction through direct physical interaction between 
the vehicle and the roadway, which has been consistently identified in previous research as the 
most reliable mechanism for achieving compliance with low speed limits (Antić et al., 2013; 
Makwasha & Turner, 2017). In contrast, measures such as lane narrowing and rumble strips rely 
primarily on driver perception, anticipation, and situational awareness, resulting in less consistent 
speed-reducing effects and greater variability in driver behavior (Andrijašević et al., 2024). 

The limited effectiveness of lane narrowing observed in this study can be partly explained by site-
specific traffic conditions. When vehicles do not encounter opposing traffic, drivers often have 
access to the full available roadway width, which reduces the perceived constraint and allows 
higher speeds to be maintained. Similar findings have been reported in studies showing that 
perceptual measures alone are insufficient to ensure sustained speed reduction, particularly on 
roads with higher design speeds (Makwasha & Turner, 2013). Rumble strips demonstrated only 
modest speed reductions and failed to ensure compliance with the posted 30 km/h limit, which is 
consistent with previous research indicating that such measures primarily act as warning devices 
rather than strict speed-control elements (Andrijašević et al., 2024). 

Analysis across multiple measurement points revealed that speed reductions were most 
pronounced directly at the traffic calming device; however, the effect remained evident in the 
immediate upstream and downstream areas. This confirms the presence of a localized traffic 
calming effect, whereby drivers begin to decelerate before reaching the device and gradually 
accelerate after passing it. Statistically significant differences between measurement gates further 
confirm that traffic calming elements influence vehicle speeds not only at the point of installation 
but also within their immediate surroundings (Spiegel et al., 2011). 

Overall, this study demonstrates that rubber humps and asphalt platforms are the most effective 
traffic calming devices for reducing vehicle speeds on regional roads within school zones. Horizontal 
and perceptual measures, such as lane narrowing and rumble strips, showed limited effectiveness 
and would require additional design elements-such as physical barriers, vertical deflection, or 
combined treatments-to achieve meaningful and consistent speed reductions. The use of drone-
based data collection proved to be a reliable and objective method for traffic analysis, enabling 
unobtrusive observation of natural driver behavior, as also confirmed in recent traffic safety studies 
(Andrijašević et al., 2024). These findings strongly support prioritizing vertical traffic calming 
measures in locations with a high presence of vulnerable road users and provide a solid empirical 
basis for future improvements in traffic safety planning and road design. 

Table 1: Frequency for the categorical variable Location 
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Location Number Cumulative number Percentage Cumulative percentage 

A 2682 2682 21.97 21.97 

B 2254 4936 18.47 40.44 

C 2526 7462 20.69 61.13 

D 3793 11255 31.07 92.2 

E 952 12207 7.8 100 

 

 
Fig. 1: Locations of observed traffic calming devices on the R-23 road 

 

 
Fig. 2: Vehicle speeds at different gates 
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