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Abstract 
Driving too fast is one of the major causes that lead to road crashes.  A new speed 

enforcement management method based on autonomous vehicle technologies has the potential 

to enhance the speed limit compliance and improve traffic safety. This paper investigates the 

performance of this method in the detection stage under different scenarios. 27 scenarios are 

generated using microscopic simulation in VISSIM to collect performance data of this 

method. Analysis of variance (ANOVA) is used to examine the performance difference 

between scenarios, including the detectable distance, the number of lanes, the speed of the 

measuring vehicle, the flow of the traffic, the desired average speed of the traffic, and the 

desired speed variance of the traffic. As a result, the influences of the factors on the 

performance of the method are distinguished. The detectable distance, the speed of the 

measuring vehicle and the flow of traffic have non-linear effects on the number of detected 

speeding vehicles. The measuring vehicle can interact with more speeding vehicles when the 

average speed of the traffic is high and the speed variance is small.  
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Sammanfattning 
Hastigheten är en av de viktigaste orsakerna som ledde till trafikolyckor. En ny 

hastighetshanteringsmetod baserad på självkörande lastbilar har potential att förbättra 

överensstämmelsen med hastighetsgränsen och förbättra trafiksäkerheten. I det här 

dokumentet undersöks resultatet av denna metod i detekteringssteget under olika scenarier. 27 

scenarier genereras med mikroskopisk simulering i VISSIM för att samla data. Variansanalys 

används för att undersöka de olika resultaten mellan scenarier, inklusive detekterbara 

avståndet, antalet banor, mätfordonets hastighet, trafikflödet, medelhastighet av trafiken och 

hastighetsvariationen av trafiken. Sammanfattningsvis, detekterbara avståndet, mätfordonets 

hastighet, trafikflödet har olinjära effekter på antalet upptäckta hastighetsfordon. Mätfordonet 

kan interagera med fler hastighetsfordon när medelhastighet av trafiken är hög och 

hastighetsvariationen av trafiken är liten.  
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1 Introduction 

1.1 Background 

1.1.1The problem of speed 

Deaths caused by road crashes has reached 1.35 million a year (WHO, 2018). Road traffic 

injury has been so far ranked as the predominant cause of death among children and young 

people ranging between 5-29 years (WHO, 2018). One of the major factors which contribute 

to road crashes is travelling at too high speed (Montella et al., 2015). According to the report 

of OECD, speeding, which can be regarded as driving at a speed exceeding the limits 

(excessive speed) or driving inappropriately fast for the current conditions within the speed 

limits (inappropriate speed), is a significant factor in approximate on third of fatal accidents 

(OECD, 2006). 

Excessive speed is a universal social problem in many countries. 50% of drivers are excessive 

speeding at any time (OECD, 2006). The entire road network is affected by such a problem, 

including motorways, rural roads, urban roads, as well as main highways (OECD, 2006). 

Generally, drivers drive above speed limits by no more than 20km/h, however, there is still a 

proportion of drivers who exceed much more than that (OECD, 2006). Evidence shows that 

many drivers pay least attention to speeding because they don’t take it as a serious traffic 

offence (Cestac & Delhomme, 2012). 

Apart from human life threatening, speeding also plays a role in impacting the environment 

since the emissions of both greenhouse gases (typically CO2) and local pollutants (NOx, CO, 

etc.) are strongly related to this driving behavior (OECD, 2006). Besides, due to the exterior 

noise caused by speeding, quality of life is also influence, especially in urban areas as well as 

during night time behavior (OECD, 2006). 

From the perspective of economy, road users usually ignore the increasing fuel consumption 

and overestimate the time cost saved by speeding though the travel time reduced is limited 

(OECD, 2006). Besides, due to fear of speeding vehicles, individuals are discouraged to walk 

or cycle (OECD, 2006), which increases the social cost. 

1.1.2 Vision Zero in Sweden 

In October 1997, a policy on the road traffic safety got approved by the Swedish parliament, 

the target of which is that no people get killed or seriously injured in the road traffic crashes 

(Tingvall and Haworth, 2000). The new strategy aims at addressing known errors and 

avoiding severe crash results with a better management of the road traffic system.  
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After the adoption of this policy, Sweden has nowadays delivered one of the best performance 

around the world in road safety with 2.8 deaths per 100,000 inhabitants annually (WHO, 

2018). Comparing 1990 and 2015, there is a decrease of 66% in the numbers of deaths in road 

traffic owing to Vision Zero (WHO, 2018). However, there is still a long way to go in the 

road traffic safety as the insight of Vision Zero keeps updating. 

1.1.3 Speed management 

Speed management is a significant aspect in transport planning (Vadeby and Forsman, 2018). 

Many research studies conducted have illustrated the close correlation between crash 

frequency, crash severity and speed. It is acknowledged that a 1% increase in average speed 

results in a 3% increase in the serious injury accident risk and a 4% increase in the fatal 

accident risk (Finch et al., 1994). To the contrary, a 5% reduction in mean speed can bring a 

decrease of 30% in the number of fatalities (WHO, 2018).  

Therefore, new technologies have been constantly developed, studied and applied to reduce 

speeding throughout the road networks. Two major types of traffic speed control methods 

play an important role (Wang, 2018). One is the static control, such as speed limit signs, 

which work passively and are easily ignored by drivers. The other is the targeted control, 

which gives feedback to drivers according to the dynamic nature of traffic in a targeted way. 

It is universally accepted that careful driving can be achieved if drivers are informed of their 

driving behaviors and violations (Rubini et al., 2013).  Different technologies have been 

integrated with the targeted control. Many methods are based on measuring the vehicle speed 

and warning the drivers.  

 

Figure 1 Intelligent speed adaption system 
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From: Euroncap, 2018, Speed assistance systems, https://www.euroncap.com/en/vehicle-safety/the-
ratings-explained/safety-assist/speed-assistance/ Access date:2019/06/03 

Combined with GPS technology, measuring and warning devices can be installed on vehicles, 

such as intelligent speed adaption (see Figure 1), or even integrated in drivers’ mobile 

telephones, such as driving assistant applications. However, it is not compulsory for drivers to 

have such devices used while driving and the compliance rate to such devices are usually low. 

Warner and Åberg (2008) doubt whether it is a waste of money to implement ISA because the 

effect is limited without perceived behavioral control. 

 

Figure 2 Speed camera in Sweden. 

From Fartkameror drar in 150 miljoner kronor varje år by Lasse Allard, Aftonbladet, 2017/11/29, 
https://www.aftonbladet.se/bil/a/1kkawJ/fartkameror-drar-in-150-miljoner-kronor-varje-ar. Access 

data: 2019/06/03 

The widespread method applied in many countries is the implementation of fixed speed 

enforcement detection devices, such as speed cameras and laser and radar devices (see Figure 

2). When a vehicle enters the speed limit area, the speed will be measured and compared with 

the speed limit. If violation happens, information will be sent to either traffic control center or 

direct to the driver (Zengqiang et al., 2008; Sarowar and Shende, 2015). Many studies on the 

https://www.euroncap.com/en/vehicle-safety/the-ratings-explained/safety-assist/speed-assistance/
https://www.euroncap.com/en/vehicle-safety/the-ratings-explained/safety-assist/speed-assistance/
https://www.aftonbladet.se/bil/a/1kkawJ/fartkameror-drar-in-150-miljoner-kronor-varje-ar
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effect of such devices have verified it is a promising method for reducing the average speed 

one the road as well as the number of injury crashes and fatal crashes (Wilson et al., 2006). 

In Sweden, fixed traffic safety cameras and speed reminder systems are widely applied. All 

the cameras are placed visible with signs and directly connected to the police. According to 

Trafikverket (Swedish Transport Administration), 1600 traffic safety cameras in total (in 

2017) save about 20 lives each year and more than 70 people are saved from serious injuries 

per year (Trafikverket, 2019).  

However, there are several issues coming up during the operation of this method. Firstly, 

drivers decelerate before meeting a speed camera and then they accelerate once they pass it. 

Therefore, only the reduction in speed only happens on a limited segment of a road (Soole, 

2013). Secondly, the cost of operation is high. The device breaks down easily for different 

reasons, such as extreme weather, as it works as a wayside infrastructure. It is time-

consuming and costly to maintain it. Moreover, fixed speed cameras are difficult to adapt to 

new traffic situations, which makes the method not flexible. 

Thanks to the technical development of speed sensors and autonomous vehicles, a new speed 

management method based on sensors on floating vehicles becomes possible (Figure 3). This 

new method, creatively, installs a speed sensor on a floating vehicle (which is regarded as a 

measuring vehicle in this research), compared with that those speed cameras in the traditional 

method are fixed on the road side. The measuring vehicle can directly give real-time warnings 

to those nearby vehicles which drive too fast. For example, an LED screen can be installed on 

the back of the measuring vehicle to inform the drivers behind of their speeding behavior. The 

mechanism of the new speed detection method is that speeding vehicles, which drive above 

the speed limit, are faster than the measuring vehicle so that finally they will overtake the 

measuring vehicles. In this way, not exact the same vehicles are under detection of the 

measuring vehicles. When a speeding vehicle is approaching the measuring vehicle, its speed 

will be detected, compared with the speed limit and the driver will be given feedback. Such 

measuring vehicles are planned to be allocated in target areas where traffic accidents are 

highly related to speed.  

Compared with the traditional method, the new method is expected to benefit speed 

management from the following points. Firstly, instead of measuring the speed of a vehicle at 

one site, the measuring vehicle keeps detecting nearby vehicles over a section and thus the 

compliance duration can be enhanced (Montella et al., 2015). Secondly, taken the cost of 
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infrastructure construction and maintenance into consideration, this speed sensor, which is 

integrated with the function of the measuring vehicle, is economically beneficial. Thirdly, due 

to the measuring vehicles can move whichever road we in need, the new method makes speed 

management flexible. 

 

Figure 3 The mechanism of the new detection method 

Since this method is newly proposed, there is almost no research on the performance of this 

method. The main hypothesis of this method is that the speed reminder information from the 

measuring vehicle can reduce the proportion of nearby cars if they exceed the speed limit and 

can thereby enhance the road traffic safety.  

1.2 Objectives 
In this study, the performance of the new detection method is defined and limited as how 

many speeding vehicles can be detected by a measuring vehicle during one hour driving to 

verify whether the management works widely. Research objectives is to evaluate the 

performance of the new detection method, which is conducted with the comparisons of the 

performances under different scenarios where traffic conditions vary: 

 The numbers of speeding vehicles detected under different detectable distances; 

 The numbers of speeding vehicles detected under different numbers of the lanes; 

 The numbers of speeding vehicles detected under different speeds of the measuring 

vehicle; 
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 The numbers of speeding vehicles detected under different flow of the traffic; 

 The numbers of speeding vehicles detected under different desired average speed of 

the traffic; 

 The numbers of speeding vehicles detected under different desired speed variance of 

the traffic. 

1.3 Scope and limitation 
As is stated in objectives, the evaluating index is defined and limited as the number of 

speeding vehicles detected instead of the proportion detected of all speeding vehicles on the 

road. Since it is the primary stage of the new detection method, the vehicles to be detected by 

the measuring vehicles are limited to the vehicle which runs exact after the measuring vehicle. 

So, the vehicle near the measuring vehicle but not in the same lane is not detected. Also, the 

vehicle on the same lane but there are vehicles between it and the measuring vehicles is not 

detected. Only the speeding vehicles will be counted.  

In reality, speeding drivers will be reminded with a warning information sent by the 

measuring vehicle once they are detected and their driving behaviors are supposed to change 

in a way of slowing down. The compliance rates vary because of different warning methods 

according to the past researches (Shinar & Stiebel, 1986). In this study, the compliance rate is 

limited as zero, which means that the road traffic is assumed not to be distorted by the 

measuring vehicle. Thus, cost-benefit analysis is not included in this paper. 

1.4 Thesis structure 
The rest of the paper is organized as following: Chapter 2 presents literature review on 

previous research including speed behaviors, researches on fixed speed enforcement detection 

devices, researches on other speed management methods and microscopic traffic simulation 

appliances.  Chapter 3 presents the methodology used in the research, including how to 

calibrate the traffic in the microscopic simulation software VISSIM, how the data are 

processed and explaining data analysis methods to be used. Chapter 4 provides the results of 

simulations, displays analysis and discussion on the performance under each scenario. 

Chapter 5 concludes the paper. 
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2 Literature review 
Chapter 2 includes the findings according to literature review regarding to speed management, 

which brings idea and prerequisite knowledge for the research. It is divided into four parts. 

Section 2.1 describes driving behaviors of speeding. Section 2.2 introduces several researches 

on fixed speed enforcement detection devices. Section 2.3 presents several researches on 

other speed enforcement methods. Section 2.4 displays several cases using microscopic traffic 

simulation methods. 

2.1 Driving behaviors of speeding 
Many researches have been conducted to investigate the factors related to speeding behavior. 

Corbett (2000) points out that speeding is socially accepted and is not regarded a crime 

though it may result in life loss accidents. Many drivers are not aware whether they are 

speeding because of inaccurate speed perception, which can be affected by visual inputs 

(Gibson, 2014) and auditory inputs (Matthews, 1978). Therefore, the road environment and 

noise can affect drivers’ perception of their real speed. Also, the transitions from high speed 

zones and low speed zones also lead to a period during which drivers underestimate their 

speed (Casey & Lund, 1993).  

Based on GPS data accumulated from 152 interviewees, Yokoo and Levinson (2019) find 

speeding is widespread in both high speed limit zones (e.g., 60mph [97km]) and low speed 

limit zones (e.g., 25mph [40km]). They also find that drivers tend to speed on long links 

without many intersections. Another study also uses GPS-based survey and states that people 

tend to speed up on main roads such as motorways or primary roads (Siła-Nowicka, 2018). In 

Greece, a study collects surveys from both violators (drivers who claim to obey speed limits) 

and nonviolators (drivers who claim not to obey speed limits) and finds that different road-

environment factors function differently on speeding behaviors (Kanelladis, 1995): Violators’ 

speed is primarily influenced by the road-layout factor, while nonviolators are affected by the 

signing factor. In Australia, speed data is used to model speed limit compliance in work zones 

and the results show that light vehicles or vehicles which follows a light vehicle with a large 

gap are more likely to speed (Debnath et al., 2014). They also point out there is a compliance 

difference between day and night due to the visibility of signs. A research in Sweden finds 

that when the proportion of non-compliant cars is higher, drivers tend to speed (Haglun & 

Åberg, 2000). To the contrary, if drivers are given feedback on the proportion of drivers not 

speeding, a higher compliance level will be achieved. 
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Apart from environment factors, drivers’ demographic characteristics and personality are also 

verified to influence speeding behavior (Lai & Carsten, 2012). A research also finds that 

young people and high educated people tend to speed (Yokoo & Levinson, 2019). 

2.2 Fixed speed enforcement detection devices 
The effects of fixed speed enforcement detection device are studied from different 

perspectives. In Belgium, the speed effects of fixed speed camera are examined under a two-

lane motor way and a three-way motorway with a speed limited of 120km/h posted (De Pauw 

et al., 2014). A before and after analysis is conducted to compare the effects under the 

scenarios of lanes. It is found that both the average speed and the number of speeding vehicles 

decrease. However, the speed profiles show that drivers only slow down abruptly before they 

pass the camera. The spatial speed distribution shows no difference at places without cameras.  

In Norway, a meta-analysis is applied to evaluate the effects of fixed cameras (Høye, 2014). It 

shows the numbers of total crashes decrease by 20% and the numbers of fatal crashes is 

reduced by 51%. However, according to several samples in this research, crash migration, 

where an increasing number of accidents happen on other roads because of reallocating, might 

occur. Similar to the case in Belgium, another research in Norway also reveals that there is a 

V-speed profile before and after the speed camera (Høye, 2015).  

In Italy, a point-to-point speed enforcement system is activated (Montella et al., 2015). It uses 

several fixed cameras at different monitoring stations to calculate the average speed of a 

certain vehicle. Automatic number plate is used to identify vehicles at different monitoring 

stations. According to the analysis on historical data, there is a reduction in the average speed, 

the speed deviation as well as the number of severe violations on the roads where cameras are 

installed. However, the speed limit must be also fixed over every two consecutive monitoring 

stations. Besides, according to Italian Ministry of Transport and Infrastructures, the point-to-

point system has many accuracy requirements, such as the speed measurement accuracy, the 

vehicle classification accuracy, the number plate matching accuracy and so on. The 

investment could be high. 

In Canada, a cost-benefit analysis is conducted to calculate whether fixed speed camera is 

cost-effectiveness (Chen & Warburton, 2006). It claims that the method is socially beneficial 

unless there is remarkably increased travel time value or remarkably reduced accident 

reductions. The results are applicable in developed countries with similar conditions. 
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In conclusion, on the one hand, the fixed speed enforcement devices do have significant effect 

on the road segments where they are installed. On the other hand, the control of fixed devices 

is not flexible. It is also noticeable that since the method has been already applied for years 

widely around the world, there is sufficient historic data which can be used for analysis. 

2.3 Other speed management methods 
There are also other methods under research to enhance the road safety by speed management. 

Static traffic signs are the basic form for speed management. In South Africa, a study based 

on questionnaires after an experimental driving indicates the effects of road traffic signs’ 

information value should be evaluated on the ability to remind drivers of hazards instead of 

recall accuracy (Fisher, 1992). In USA, a research on the effectiveness of warning flashers 

demonstrates that speed limit reductions along with signal warning flashers can improve the 

crash migration (Wu et al., 2013). 

Variable speed limit(VSL) is a system which dynamically posts a speed limit due to the 

current traffic conditions. In Canada, an evaluation based on a microscopic simulation model 

is used to estimate the safety impacts of VSL (Allaby et al. 2007). A framework is designed to 

evaluate the control algorithm parameters. It suggests that VSL system can improve the safety 

but it is as a cost of increased travel time. Moreover, only the heavily congested and 

moderately congested traffic conditions get improved, while there is almost no safety effect 

for the uncongested situations. Similarly, another research presents a VSL control algorithm 

which maximizes a multi-objective optimization function combining total travel time, time to 

collision and fossil consumption (Khondaker & Kattan, 2015). In Turkey, another 

microscopic simulation is calibrated on Istanbul freeways (Sadat & Celikoglu, 2017) 

Different from the first two researches based on microscopic simulation, this research takes 

compliance level into consideration and figures out how it works in the changes with average 

speed, total travel time and traffic volumes. The dame result is obtained that VSL helps 

improve the road safety. However, there is no significant different results when 75% 

compliance level and 50% compliance level are compared. In Norway, a research based on 

data from loop detector was conducted (Rämä, 1999). It indicates the VSL system can 

effectively decrease speeds and speed deviation. Different scenarios of weathers and road 

conditions are taken into consideration and different results are obtained. It inspires that there 

can be confounding effects if research is based on field work data. In Sweden, Nissan(2010) 

uses both empirical methods and simulation method on a case study of E4 freeway. It is found 

that the compliance rate has a strong impact on the effectiveness of VSL system and 
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mandatory mode is recommended rather than advisory mode. Another study uses driving 

simulator to observe drivers’ behaviors when they pass a VSL (Lee & Abdel-Aty, 2008). This 

study is related to traveler behaviors. A binary logit model is built to reveal the correlations 

between the compliance with speed limits and driver speed changes. It shows that if drivers 

follow VSL at a certain location, there will be a larger probability for them to follow the 

sequent limits. Once the speed limit decreases, there is a time lag for them to decelerate. 

However, if there is an increase in the speed limit, drivers tend to increase the speed 

immediately to compensate for delays. 

Since extreme weather could make out-of-vehicle speed enforcement warnings invisible, in-

vehicle traveler information systems are considered as an alternative (Boyle & Mannering, 

2004). The performance of intelligent speed adaptation is verified to be effective in reducing 

mean and maximum speeds as well as the speed variance in most speed zones according to a 

research in USA (Regan et al., 2006). It also points out that it is difficult to spread this 

technology unless there is a reduction in the cost. 

In Sweden, based on Infrastructure-to-vehicle wireless technology, cooperative systems for 

intelligent road safety is tested (Böhm et al., 2007, 2009; Farah et al., 2012). This system 

allows exchanges of information between infrastructure and vehicles nearby with early 

warnings. With driving simulators, drivers’ behaviors are analyzed. The results show a 

positive impact on road safety. 

2.4 microscopic traffic simulation appliances 
Since this paper uses microscopic simulation tools to evaluate the performance of the new 

speed detection method, some researches related to microscopic simulation have been referred 

to select a certain software for this research. 

MITSIM is developed for modeling traffic network and coded in C++ (Yang & Koutsopoulos, 

1996). It works good with route choice in large-scale road networks and coding makes it 

suitable for dynamic management, however, there is no need in this study. 

Yeo el at. (2010) uses NGSIM to model driver behaviors under vehicle-to-vehicle (V2V) 

hazard alert systems. Modelling V2V conditions is difficult because such functions haven’t 

been implemented. They calibrate the model with data based on their ongoing research. But 

driver behavior is not the target of this study. 

SUMO is used to estimate vehicle volume between probe vehicles with trajectory data (YANa 

& YUAN, 2019). SUMO is an open source simulation tool, which requires programming in 
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python which makes it suitable for a lot of projects. Also, the trajectory data used inspires this 

research how to simulate the define the detection of the measuring vehicle. Finally, VISSIM 

is selected since it has already integrated the functions of trajectory data to simulate the 

detection process of the new method.   
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3 Methodology  
As it has been stated in section 1.4, this research is to evaluate the performance of the new 

speed detection method by comparing the performances under different traffic scenarios. The 

performance of this method is defined and limited as how many speeding vehicles can be 

detected by a measuring vehicle under one-hour driving. 

There are two major categories to do evaluation studies: field researches and simulations. 

Field researches are expensive, time consuming and not practical sometimes. Besides, the 

presence of confounding effects could hinder the accuracy of field researches. So, simulation 

methods can be regarded as a complement to field researches. Macroscopic models take the 

individual behaviors of vehicles as a group movement while microscopic models consider 

each vehicle separately (Lee et al., 2004). Macroscopic models are preferred while it is 

assumed that the movement differences among vehicles are ignored. However, the effects of 

the interaction among individual vehicles cannot be captured in macroscopic models. This 

problem can be tackled by microscopic simulation. So microscopic simulation tool VISSIM is 

selected in this study. 

In VISSIM, a straight freeway segment of 20 km long is set up without intersections, which 

corresponds to the verified assumption that drivers turn to driving fast when there is no 

turning or intersection interfering the traffic (Yokoo & Levinson, 2019). The speed limit is 

assumed to be 70 km/h based on the standard of E4 freeway in Stockholm. The first 20 min is 

regarded as a warming up time to make this road loaded and filled with the calibrated car 

traffic. A measuring vehicle is always coded to be loaded onto the first right lane of this road 

segment 20 min after the simulations start. The measuring vehicle is assumed to equipped 

with a speed sensor. When there is a vehicle following the measuring vehicle within the 

detectable distance, the speed is recorded and compared with the speed limit. If it is speeding, 

it is counted and assumed to be warned. After this vehicle changes to another lane, a new 

vehicle within the detectable distance can be monitored. The driver behavior parameters of 

VISSIM are set by default, since realistic results can be reproduced with these parameters. 

For evaluation of the new speed detection method, 27 scenarios were set up to investigate 

whether the following factors influence the performance of the method under different 

scenarios: the detectable distance, the number of lanes, the speed of measuring vehicle, the 

flow of the traffic, the desired average speed of the traffic as well as the desired speed 

variance of the traffic. Scenario 1 is set as a reference group, in which a two-lane freeway, a 
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measuring vehicle at the speed of 60km/h, a car traffic volume of 1000 vehicle/(lane•hour) 

with uniformly distributed desired speed ranged from 70km/h to 80km/h (average speed is 75 

km/h) and a 100m detectable distance are calibrated. Simulation scenarios are summarized in 

Table 1. The number of replications should be selected based on the desired level of accuracy 

so that statistically significant results can be obtained. According to Hansan et al. (2002), 15 

replications of each scenarios is recommended to produce results with acceptable limited 

errors. Therefore, 15 replications with random seeds are generated for each scenario, and a 

total of 405 simulation runs are executed.  Each simulation runs for 1 h, under which the 

measuring vehicle has left the freeway segment. Time step is set as 1 s. 

Table 1 Simulation scenarios and variables 

Scenario 

The 

number 

of lanes 

The speed of 

measuring 

vehicle 

(km/h) 

Traffic volume 

(vehicle/(lane•h)) 

Traffic 

average 

speed 

Traffic speed range 

Detectable 

distance 

(m) 

Lower 

bound 

(km/h) 

Upper 

bound 

(km/h) 

1 2 60 1000 75 70 80 100 

2 2 60 1000 75 70 80 40 

3 2 60 1000 75 70 80 60 

4 2 60 1000 75 70 80 80 

5 2 60 1000 75 70 80 120 

6 2 60 1000 75 70 80 140 

7 3 60 1000 75 70 80 100 

8 4 60 1000 75 70 80 100 

9 2 50 1000 75 70 80 100 

10 2 55 1000 75 70 80 100 

11 2 65 1000 75 70 80 100 

12 2 70 1000 75 70 80 100 

13 2 60 300 75 70 80 100 

14 2 60 400 75 70 80 100 

15 2 60 500 75 70 80 100 

16 2 60 600 75 70 80 100 

17 2 60 700 75 70 80 100 

18 2 60 800 75 70 80 100 

19 2 60 900 75 70 80 100 

20 2 60 1100 75 70 80 100 

21 2 60 1200 75 70 80 100 

22 2 60 1000 75 75 75 100 

23 2 60 1000 75 72.5 77.5 100 

24 2 60 1000 75 67.5 82.5 100 

25 2 60 1000 75 65 85 100 

26 2 60 1000 80 75 85 100 

27 2 60 1000 85 80 90 100 
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In this research, VISSIM provides trajectory data of each vehicle at each time step including 

the speed of the vehicle, the headway to the former vehicle. It is available to filter and match 

all the vehicles which violate the speed limit. In this way, the number of speeding vehicles 

detected in one hour can be obtained. 

Analysis of variance (ANOVA) is suitable when comparing multiple means of scenarios 

whose responses comply a normal and independent distribution (Boyle & Mannering, 2004). 

Therefore, ANOVA is used to compare the differences among difference scenarios. If the 

results of ANOVA show there is a difference among the scenarios at 95% confidence level, 

Tukey's honest significance test (used as Tukey’s test in the followings) will be applied based 

on the results of ANOVA to compare the means of every other scenario (Tukey, 1949). Both 

tests are executed using statistics software R. 
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4 Simulation results, analysis and discussions 

4.1 Summary of simulation results 
The number of speeding vehicles detected in one-hour driving of the measuring vehicl is 

obtained as explained in Chapter 3. Table 2 presents the results of simulations for 27 

scenarios. 

Table 2 Simulation results 

Scenario 

mean of speeding 

vehicles detected 

95% confidence interval 

lower bound upper bound 

1 67.4 57.797 77.003 

2 29.2 21.919 36.481 

3 44 34.929 53.071 

4 58.6 48.076 69.124 

5 69.2 59.919 78.481 

6 69.6 60.072 79.127 

7 76.8 69.564 84.036 

8 75 66.187 83.813 

9 57 47.055 66.945 

10 62.517 53.628 71.405 

11 40.733 29.496 51.970 

12 18.667 14.171 23.163 

13 48.8 43.642 53.958 

14 61.8 55.983 67.616 

15 67.4 61.252 73.548 

16 72.4 63.132 81.668 

17 76.8 69.674 83.926 

18 74.8 68.475 81.125 

19 77 68.797 85.203 

20 62.8 53.042 72.558 

21 47.4 38.493 56.307 

22 128.2 109.160 147.241 

23 99.2 90.625 107.775 

24 42.4 30.688 54.112 

25 24.6 15.518 33.682 

26 106.4 97.217 115.583 

27 134.8 122.649 146.951 
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4.2 Performance comparison among detectable distances 
The detectable distance of the measuring vehicle depends on the sensitivity of speed sensors 

installed. The selection of speed sensors is related to the expected performance of the new 

detection method and it is also related with the costs of speed sensors. Whether more vehicles 

can be detected if the detectable distance is prolonged is worth investigating. 

In this comparison, scenarios 1 to 6, in which only the detectable distances are different, are 

used for the analysis. Different detectable distances from 40m to 140 m with 20m intervals 

are applied in these scenarios to find out whether there are significant performance 

differences. According to the simulation results, it turns out to be orderly 29.2, 44, 58.6, 67.4, 

69.2, 69.6 vehicles detected under each scenario, as shown with 95% confidence interval in 

Figure 4. 

 

Figure 4 The number of detected speeding vehicles with detectable distances 

According to Figure 4, as the detectable distance gets longer, more speeding vehicles can be 

detected. When the detectable distance gets longer than 80m, there is not much more vehicles 

can be detected. ANOVA is applied to investigate whether there is difference among the 

scenarios. 

Table 3 ANOVA results on detectable distances 

  Df Sum Square Mean Square F value Pr(>F) 
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group 5 20362 4072 14.55 2.96e-10 

Residuals 84 23518 280     

 

According to Table 3, P value is 2.96e-10, which is below the significance level of 0.001. 

indicating that the null hypothesis of anova that all the scenarios have the same performance 

should be rejected. Then Tukey’s test is used to test difference between each scenario. 

Table 4 Tukey’s test result on detectable distances 

Comparison scenarios difference lower upper p value 

120m-100m 1.8 -16.019 19.619 1.000 

140m-100m 2.2 -15.619 20.019 0.999 

40m-100m -38.2 -56.019 -20.381 0.000* 

60m-100m -23.4 -41.219 -5.581 0.003* 

80m-100m -8.8 -26.619 9.019 0.702 

140m-120m 0.4 -17.419 18.219 1.000 

40m-120m -40 -57.819 -22.181 0.000* 

60m-120m -25.2 -43.019 -7.381 0.001* 

80m-120m -10.6 -28.419 7.219 0.513 

40m-140m -40.4 -58.219 -22.581 0.000* 

60m-140m -25.6 -43.419 -7.781 0.001* 

80m-140m -11 -28.819 6.819 0.471 

60m-40m 14.8 -3.019 32.619 0.160 

80m-40m 29.4 11.581 47.219 0.000* 

80m-60m 14.6 -3.219 32.419 0.172 

Note: * means the difference is significant at 95% confidence level. 

Table 4 shows that the differences are significant at 95% confidence level in 40m, 60m and 

80m, which means the performance gets improved. It can also be explained from the 95% 

confidence intervals among these three scenarios don’t contain zero, which means they are 

statistically different. But when the detectable distance grows longer than 80m, there is no 

evidence showing more vehicles are counted. It means that under such traffic condition, the 

capability of the new method will become saturated at a long detectable distance, 

corresponding to the pattern shown in Figure 1. It is probably because the headway under 

such traffic condition is no more than 80 m most of the time. It could be inferred that if the 

traffic density becomes higher, a shorter detectable distance will be enough for this detection 

method, and vice versa. 

4.3 Performance comparison among the numbers of lanes 
The question whether the freeway design will influence the performance helps us decide 

which road types are suitable to adopt this method. As the long straight road segment without 
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intersections has been verified to be the road type where the speed limit is usually violated 

(Yokoo & Levinson, 2019), the freeway used is calibrated in this way as explained in 

Methodology. In this section, the number of the lanes is regarded as a variable in this 

comparison. Other properties of the roads, for example lane widths, are all using parameters 

by default in VISSIM. 

In this comparison, freeways of two-lane (scenario 1), three-lane (scenarios 7) and four-lane 

(scenario 8) are simulated separately to find out whether the performances differ. Other 

variables are all controlled. According to the simulation results, it turns out to be orderly 

67.4,76.8,75 vehicles detected under each scenario, as shown with 95% confidence interval in 

Figure 5. 

 

Figure 5 The number of detected speeding vehicles with numbers of lanes 

From Figure 5, there is no much difference between each scenario. There are large overlaps 

between scenarios. According to the result of ANOVA (Table 5), it shows no enough 

evidence that more speeding vehicles can be detected when there are more lanes, since F 

value is close to 1 and P value is 0.225 (>0.05).  It may also be explained as it is difficult for 

the measuring vehicle to detect speeding vehicles which runs on extra lanes and give them 

feedback based on the assumption that only the vehicles on the same lane can be detected. 

This problem might be improved if vehicles speeding on other lanes can also be detected and 
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warned by the measuring vehicle. Based on the current technology, this paper only focuses on 

vehicles exact after the measuring vehicle. 

Table 5 ANOVA results on numbers of lanes 

  Df Sum Square Mean Square F value Pr(>F) 

group 2 747 373.4 1.546 0.225 

Residuals 42 10146 241.6     

 

4.4 Performance comparison among speeds of the measuring vehicle 
The new speed detection method is based on the interaction between speeding vehicles and 

the measuring vehicle. When a speeding vehicle is approaching the measuring vehicle, its 

speed will be detected, compared with the speed limit and the driver will be given feedback. 

Therefore, the traffic flow, the speed of the traffic and the speed of the measuring vehicles are 

taken into consideration. In this section, scenarios of the measuring vehicle speed are 

discussed. 

In this comparison, 50km/h (scenario 9), 55km/h (scenario 10), 60km/h (scenario 1), 65km/h 

(scenario 11) and 70km/h (scenarios 12) are set as the speed of the measuring vehicle to find 

out whether there are performance differences. According to the simulation results, it turns 

out to be orderly 57, 62.517, 67.4, 40.733, 18.667 vehicles detected under each scenario, as 

shown with 95% confidence interval in Figure 6. 
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Figure 6 The number of detected speeding vehicles with the speed of the measuring vehicle 

When the speed of the measuring vehicle is higher, the speed difference between the 

measuring vehicle and the traffic get smaller. Figure 6 shows a trend that when the measuring 

vehicle speed is above 60km/h, as the speed of the measuring vehicle becomes higher, less 

speeding vehicles can be detected. When the measuring vehicle speed is below 60km/h, as the 

speed of the measuring vehicle goes down, the performance is getting worse. We applied 

ANOVA to test whether there is difference among the scenarios. 

Table 6 ANOVA results on the speed of the measuring vehicle 

  Df Sum Square Mean Square F value Pr(>F) 

group 4 23600 5900 21.72 1.11e-11 

Residuals 70 19019 272     

 

The result of ANOVA in Table 6 shows there are statistically significant differences among 

the scenarios in that P value is 1.11e-11 (<0.001). Tukey's honest significance is used to test 

difference between each scenario. 

Table 7 Tukey’s test result on the speed of the measuring vehicle 

Comparison scenarios difference lower upper p value 

55 km/h-50 km/h 5.517 -11.337 22.37 0.890 

60 km/h-50 km/h 10.4 -6.454 27.254 0.424 

65 km/h-50 km/h -16.267 -33.12 0.587 0.064 
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70 km/h-50 km/h -38.333 -55.187 -21.48 0.000* 

60 km/h-55 km/h 4.883 -11.97 21.737 0.926 

65 km/h-55 km/h -21.783 -38.637 -4.93 0.005* 

70 km/h-55 km/h -43.85 -60.704 -26.996 0.000* 

65 km/h-60 km/h -26.667 -43.52 -9.813 0.000* 

70 km/h-60 km/h -48.733 -65.587 -31.88 0.000* 

70 km/h-65 km/h -22.067 -38.92 -5.213 0.004* 

Note: * means the difference is significant at 95% confidence level 

The results (Table 7) show significant differences in between when the measuring vehicle 

speed is above 60km/h, which indicates that when the speed of measuring vehicle gets close 

to the traffic, the performance goes down. It is probably because that as the speeds get similar, 

there are less overtake will happen, which undermines our mechanism. To the contrary, there 

is no evidence shows there is difference when the speed is below 60km. This is probably due 

to no enough simulation data available. But there is a trend that less speeding vehicles are 

detected when the speed of measuring vehicle decreases. When the speed of the measuring 

vehicle becomes too slow, a disorder could be brought to the road. It could be regarded as a 

systematic effect of the measuring vehicle that other vehicles have to slow down to keep an 

enough safety distance. In the meanwhile, it also affects the driving experience of other 

drivers and results in delays because the speed of the driving vehicle is much below the speed 

limit as well as the average speed of the traffic. 

4.5 Performance comparison among traffic flows 
In this comparison, traffic densities from 300 vehicle/(lane•h) to 1200 vehicle/(lane•h) with 

100 vehicle intervals are applied in the scenarios (scenario 1, scenarios 13 to 21) to find out 

whether performances vary. The proportion of speeding vehicle is fixed. According to the 

simulation results, it turns out to be orderly 48.8, 61.8, 67.4, 72.4, 76.8, 74.8, 77, 67.4, 62.8, 

47.4 vehicles detected under each scenario, as shown with 95% confidence interval in Figure 

7. 
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Figure 7 The number of detected speeding vehicles with traffic flows 

From Figure 7, as the flow increases from 300 vehicle/(lane•h), more vehicles can be detected 

and it seems to reach the maximum between 700 vehicle/(lane•h) to 900 vehicle/(lane•h). 

When the flow gets more than 900 vehicle/(lane•h), the performance gets down. To get a 

statistical way to demonstrate this, ANOVA is applied.  

Table 8 ANOVA results on the speed of the measuring vehicle 

  Df Sum Square Mean Square F value Pr(>F) 

group 9 15427 1714.1 8.632 3.12e-10 

Residuals 140 27800 198.6     

 

The result (Table 8) shows significant differences between the performance among the 

groups, as P value is 3.12e-10(<0.001). Continuously, Tukey’s test is used to explore detailed 

explanation.  

Table 9 Tukey’s test result on the traffic flow 

Comparison scenarios 

(vehicle/(lane•h)) difference lower upper p value 

400-300 13 -3.545 29.545 0.264 

500-300 18.6 2.055 35.145 0.015* 

600-300 23.6 7.055 40.145 0.000* 

700-300 28 11.455 44.545 0.000* 
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800-300 26 9.455 42.545 0.000* 

900-300 28.2 11.655 44.745 0.000* 

1000-300 18.6 2.055 35.145 0.000* 

1100-300 14 -2.545 30.545 0.176 

1200-300 -1.4 -17.945 15.145 1.000 

500-400 5.6 -10.945 22.145 0.985 

600-400 10.6 -5.945 27.145 0.559 

700-400 15 -1.545 31.545 0.111 

800-400 13 -3.545 29.545 0.264 

900-400 15.2 -1.345 31.745 0.101 

1000-400 5.6 -10.945 22.145 0.985 

1100-400 1 -15.545 17.545 1.000 

1200-400 -14.4 -30.945 2.145 0.147 

600-500 5 -11.545 21.545 0.993 

700-500 9.4 -7.145 25.945 0.717 

800-500 7.4 -9.145 23.945 0.913 

900-500 9.6 -6.945 26.145 0.692 

1000-500 0 -16.545 16.545 1.000 

1100-500 -4.6 -21.145 11.945 0.996 

1200-500 -20 -36.545 -3.455 0.006* 

700-600 4.4 -12.145 20.945 0.997 

800-600 2.4 -14.145 18.945 1.000 

900-600 4.6 -11.945 21.145 0.996 

1000-600 -5 -21.545 11.545 0.993 

1100-600 -9.6 -26.145 6.945 0.692 

1200-600 -25 -41.545 -8.455 0.000* 

800-700 -2 -18.545 14.545 1.000 

900-700 0.2 -16.345 16.745 1.000 

1000-700 -9.4 -25.945 7.145 0.717 

1100-700 -14 -30.545 2.545 0.176 

1200-700 -29.4 -45.945 -12.855 0.000* 

900-800 2.2 -14.345 18.745 1.000 

1000-800 -7.4 -23.945 9.145 0.913 

1100-800 -12 -28.545 4.545 0.375 

1200-800 -27.4 -43.945 -10.855 0.000* 

1000-900 -9.6 -26.145 6.945 0.692 

1100-900 -14.2 -30.745 2.345 0.161 

1200-900 -29.6 -46.145 -13.055 0.000* 

1100-1000 -4.6 -21.145 11.945 0.996 

1200-1000 -20 -36.545 -3.455 0.006* 

1200-1100 -15.4 -31.945 1.145 0.091 

Note: * means the difference is significant at 95% confidence level 

The results (Table 9) of Tukey’s test show there exist differences in the comparison of 300 

vehicle/(lane•h) with other scenarios and 1200 vehicle/(lane•h) with other scenarios. 
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Although there is no enough evidence to show difference statistically in scenarios from 400 

vehicle/(lane•h) to 1100 vehicle/(lane•h), the trend is clearly explained through Figure 5 that 

the number of speeding vehicles detected increases first and then decreases. It is noticed that 

the 95% confidence intervals are relatively large compared with the differences of means 

among the scenarios, since the replications of simulation is relatively limited. Here, a P-value 

adjustment measure which is called false discovery rate is applied to provide less stringent 

control of Type I errors (Shaffer, 1995). 

Table 10 Adjusted P-value on the traffic flow 

flow 300 400 500 600 700 800 900 1000 1100 

400 0.0271* - - - - - - - - 

500 0.002* 0.391 - - - - - - - 

600 0.000* 0.081 0.441 - - - - - - 

700 0.000* 0.012* 0.112 0.467 - - - - - 

800 0.000* 0.027* 0.229 0.740 0.766 - - - - 

900 0.000* 0.012* 0.111 0.454 0.991 0.753 - - - 

1000 0.002* 0.391 1.000 0.441 0.112 0.229 0.111 - - 

1100 0.017* 0.886 0.454 0.111 0.017* 0.043* 0.017* 0.454 - 

1200 0.842 0.017* 0.001* 0.000* 0.000* 0.000* 0.000* 0.001* 0.011* 

Note: * means the difference is significant at 95% confidence level 

As shown in Table 10, after adjusting p-value, when the traffic density is 400 vehicle/(lane•h) 

and 1100 vehicle/(lane•h), the results are also different significantly from other scenarios. At 

average desired speed of 75km/h. these two traffic densities approximately correspond to the 

threshold of level A and level D according to the level of service theory. At A level, the less 

traffic on the freeway, the less speeding vehicles can be detected. There are two possible 

explanations for this. Firstly, there are less speeding vehicles on the freeway. Secondly, there 

is less interference between vehicles as the headway in between is too long. To the contrary, 

at level D, after the traffic volume gets heavy, even though more speeding vehicle exists on 

the freeway, the less vehicles can be detected. This is probably because there are less 

opportunities to make overtake happen when the road gets crowed, which undermines our 

mechanism. When the flow density is in between, there is no significant difference between 

the performances in different scenarios. 

4.6 Performance comparison among the speed variance of the traffic 
In this comparison, apart from the reference scenario, another four scenarios with different 

desired speed variances are applied to find out whether there are significant performance 

differences. As illustrated in the beginning, scenario 1 is loaded with uniformly distributed 
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traffic from 70km/h to 80km/h (average speed is 75 km/h; speed range is 10km/h). The other 

four contrast scenarios are loaded with uniformly distributed traffic whose desired speed 

ranges are 0km/h (scenario 22), 5km/h (scenario 23), 15km/h (scenario 24), 20km/h (scenario 

25). Average speed in this comparison is fixed as 75 km/h. According to the simulation 

results, it turns out to be orderly 42.733, 33.067, 22.467, 14.133, 8.2 vehicles detected under 

each scenario, as shown with 95% confidence interval in Figure 8. 

 

Figure 8 The number of detected speeding vehicles with different speed variance of the traffic 

According to Figure 8, the new method detects more speeding vehicles when the speed range 

gets narrower, which indicates that smaller speed variance of the traffic contributes to the 

better performance. ANOVA is applied to test whether there is difference among the 

scenarios. 

Table 11 ANOVA results on different speed variance of the traffic 

 Df Sum Square Mean Square F value Pr(>F) 

group 4 105626 26406 54.14 <2e-16 

Residuals 70 34144 488   

 

The result (Table 11) of ANOVA shows that difference is significant at 99.9% confidence 

level with P value < 2e-16. Tukey's honest significance is used to test difference among each 

scenario. 
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Table 12 Tukey’s test result on different speed variance of the traffic 

Comparison scenarios difference lower upper p value 

5km/h-0km/h -29 -51.582 -6.418 0.005* 

10km/h-0km/h -60.8 -83.382 -38.218 0.000* 

15km/h-0km/h -85.8 -108.382 -63.218 0.000* 

20km/h-0km/h -103.6 -126.182 -81.018 0.000* 

10km/h-5km/h -31.8 -54.382 -9.218 0.002* 

15km/h-5km/h -56.8 -79.382 -34.218 0.000* 

20km/h-5km/h -74.6 -97.182 -52.018 0.000* 

15km/h-10km/h -25 -47.582 -2.418 0.023* 

20km/h-10km/h -42.8 -65.382 -20.218 0.000* 

20km/h-15km/h -17.8 -40.382 4.782 0.189 

Note: * means the difference is significant at 95% confidence level 

As shown in Table 12, almost all the P values between every other scenario are above 95.0% 

confidence, except for the comparison between speed range 20 km/h and 15 km/h. The 

limited replications can be the reason why that P value is relatively big. Still, it can be 

concluded that, the method performs better when the speed variance is smaller, because there 

is less disorder in traffic. Due to a larger speed variance, there are less opportunity to make 

overtakes happen, while there is a larger possibility that a relatively slow vehicle following 

the measuring vehicle for a long distance which results in less other speeding vehicles 

detected.  

4.7 Performance comparison among the average speeds of the traffic 
In this comparison, average desired speeds of 75 km/h (scenario 1), 80 km/h (scenarios 26) 

and 85 km/h (scenario 27) are discussed to find out whether the performances differ because 

of the average speed of the traffic. The desired speed variance is fixed. According to the 

simulation results, it turns out to be orderly 22.467 35.467, 44.933 vehicles detected under 

each scenario, as shown with 95% confidence interval in Figure 9. 
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Figure 9 The number of detected speeding vehicles with different desired average speeds of the traffic 

As the average desired speed gets higher, more speeding vehicles can be detected by the 

measuring vehicle according to Figure 9. ANOVA is applied to test whether there is 

difference among the groups. 

Table 13 ANOVA results on different desired speeds of the traffic 

  Df Sum Square Mean Square F value Pr(>F) 

group 2 34352 17176 48.74 1.13e-11 

Residuals 42 14800 352     

 

The results of ANOVA (Table 13) shows that difference is significant at 99.9% confidence 

level. Tukey's test is used to test difference among each scenario. 

Table 14 Tukey’s test result on different speed variance of the traffic 

Comparison scenarios diff lower upper p value 

80km/h-75km/h 39 22.347 55.653 0.000* 

85km/h-75km/h 67.4 50.747 84.053 0.000* 

85km/h-80km/h 28.4 11.747 45.053 0.000* 

 

Table 14 validates the conclusion of the simulation results that the higher average desired 

speed of traffic is, the more speeding can be detected. When the average speed of the traffic 



28 
 

gets higher, the difference between the traffic and the measuring vehicle becomes bigger. And 

it is easier for a speeding vehicle to overtake the measuring vehicle. It may also result from 

more speeding vehicles which catch up the measuring vehicle and get detected. 

  



29 
 

5 Conclusion and future research 

5.1 Main conclusion 
The main aim of this study is to evaluate the performance of a new floating vehicle speeding 

detection method. The performance is defined as the number of speeding vehicles detected 

under one-hour driving the measuring vehicle. A microscopic model is built in VISSIM to 

collect performance data. ANOVA are coded in R to do the statistical analysis. The evaluation 

is conducted with the comparisons of the performances of the new method under different 

scenarios, including the detectable distance, the number of lanes, the speed of measuring 

vehicle, the flow of the traffic, the desired average speed of the traffic, and the desired speed 

variance of the traffic. The detailed results can be summarized as follows: 

 When the detectable distance of the measuring vehicle gets longer, more speeding 

vehicles can be detected. After the detectable distance reaches a certain threshold, the 

performance shall be not improved significantly. 

 The number of lanes doesn’t affect the number of speeding vehicles detected. In other 

words, if vehicles speed on other lanes where the speed sensor can’t not reach, they 

are not influenced by the measuring vehicle. 

 When the speed difference between the measuring vehicle and the speeding vehicles is 

small, not so many vehicles can be detected. However, the traffic could be distorted by 

a large speed difference to the contrary. 

 When the traffic is too light, less speeding vehicles can be detected because of less 

speeding vehicles and less interaction between the speeding vehicles and the 

measuring vehicle. When the traffic is too heavy, less freedom for speeding vehicles to 

overtake the measuring vehicle leads to a limited number of vehicles which can 

approach and be detected by the measuring vehicle. 

 When there is a uniform traffic that the speed variance of traffic is small, more 

vehicles can be detected by the measuring vehicle. When the speed variance is large, 

there could be certain vehicles which drive a relatively low speed following the 

vehicle all the way so that no other speeding vehicle can be detected. 

 When the average speed of the traffic is high, more vehicles can be detected, because 

overtake happens easily and more speeding vehicles can catch up with the measuring 

vehicle and get detected. 

In conclusion, the detectable distance of the speed sensors can be adjusted according to the 

current traffic density. There is no need to expand the detectable distance as much as possible, 
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which is not economically efficient. This floating vehicle speeding detection method is not 

suitable to be applied on roads with many lanes if only one measuring vehicle is used. It can 

be solved by allocating more measuring vehicles on different lanes or make the measuring 

vehicle able to influence speeding vehicles on other lanes. A relatively slow speed of the 

measuring vehicle helps manage more speeding vehicles during one drive without bring 

unacceptable distortions to the traffic. The method is more applicable with a moderate traffic 

density. In low traffic density situation, there are less speeding vehicles on the road makes it 

relatively expensive for such a management drive. In high traffic density situation, limited 

proportion of speeding vehicles can be detected and warned. The new method works better 

when the speed range of the traffic is small, otherwise there can be a vehicle following the 

measuring vehicle all the way.  

When more speeding vehicles can be detected and monitored, the speed of the traffic will 

decrease and become more harmonized. Then the frequency and severity of road crashes will 

be limited and in this way the road safety is enhanced. 

5.2 Limitations and further research 
There are some limitations in this study that should be noted and taken into consideration in 

the future research.  

Firstly, only the absolute numbers of detected speeding vehicles are analyzed and compared 

instead of the ratio of the detected speeding vehicles to the total speeding vehicles. The 

speeding behavior of vehicles has both temporal and spatial distribution which makes it 

unclear to define the total number of the speeding vehicles. In the traditional speed 

management method, all the vehicles which speed at the fixed detecting point can be detected. 

However, it is difficult to detect those vehicles speeding at other segments, and this is the 

main problem in reality. This new detecting method is relatively flexible to measure the 

speeds along the whole road. But it is also difficult to manage the speeds of all the vehicles at 

any time and at any location, due to the detecting mechanism. Since there are interactions 

between the measuring vehicle and the speeding vehicles, it should be more appropriate to 

consider how many vehicles the measuring vehicle can interacts with during a trip on the 

road. In the future research, a field experiment is in need to validate the results of the 

simulation analysis. 

Secondly, although the mechanism of the new speed management method is based on the 

interaction between the measuring vehicle and the traffic, as stated in section 1.4, the 
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compliance rate is regarded as zero in this study because the compliance rate to this new 

method should be based on experiments on driver behaviors which hasn’t be conducted yet. In 

the future research, a study on the compliance level is in need. As the compliance level is 

obtained, it can be used as a parameter in this study. The results of this study are believed to 

be changed. If the warned drivers slow down, a car following behavior may happen so that the 

assumption of overtake is undermined. Moreover, how much the warned drivers will 

decelerate remains to be investigated which also influences the performance of this method. 

Thirdly, the measuring vehicle is considered to only interact with the speeding vehicle driving 

right behind, however, there should be a systematical effect on the traffic. The speed change 

resulting from the speeding drivers warned will lead to a series speed adjustment of other 

vehicles. Furthermore, the warning method is primary designed as a screen warning which 

should be visible not only to the drivers behind but also to the drivers nearby. Such effects 

remain to be investigated. 

Fourthly, the performance index in this study is the number of vehicles detected since the 

following speed change is unknown. Therefore, once the human behavior parameters can be 

obtained, other aspects like the fuel consumptions, released pollution, the delays could be 

calculated. Finally, a cost-benefit analysis can be conducted to compare with other speed 

enforcement methods, considering the reduced frequency of the accidents and the reduced 

severity of the accidents.  
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