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Abstract

The aim of this study is to describe and compare methods that can be used to study the traffic

situation of cyclists at specific intersections or intersections in general.

Three categories of methods were reviewed in a literature study; methods to record Traffic

Safety, Qualities and Descriptive methods. From these categories; Conflict Technique and Degree

of Separation; Time Delay; Speed Measurements and Traffic Flow Registrations were chosen to be

used at one intersection.

Comparison of the methods showed that the choice of method must be based on the amount of

data, knowledge about accident causes, the required accuracy and the degree of detail in the result.

The result from the intersection was that the traffic safety situation of cyclists is just a little

worse than normal. The study was however too small for an assessment to be made of the

reliability of the different methods. The mean speed of free vehicles on one of the roads is 50 km/h,

which is too high considering the number of vulnerable road users. The cycle flow at the cycle

crossing across the minor road is much larger than at the others. About 9% of the cyclists have to

wait before crossing.
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Methods to study the situation for cyclists at intersections -

Application example: the intersection Vistvigen - Alerydsvigen

by Lisa Herland

Swedish National Road and Transport Research Institute (VTT)

SE-581 95 Linkoping, Sweden

Summary

A 4-way junction in Linkoping will be rebuilt as a roundabout. There are

problems in this junction and it was therefore chosen as an application example

for some methods in this study. The main aim of this study is to describe and

compare methods that can be used to study the traffic situation for cyclists at

junctions.

The methods that are reviewed in this report are divided into three categories,

Traffic Safety (Conflict Technique, Degree of Separation, Statistical Accident

Analysis, Deep Interview, Head Movements), Descriptive methods (Traffic Flow

Registrations, Speed Measurements) and Qualities (Time Delay, Behaviour in

interaction between cars and cyclists). Conflict Technique, Degree of Separation,

Speed Measurements (laser gun), Traffic Flow Registrations (video recording)

and Time Delay were used in an application example.

Different methods to evaluate traffic safety are suitable for different types of

studies. When a measure of traffic safety is needed for a single intersection,

Statistical Accident Analysis, Head Movements and Deep Interview are not

suitable methods. The first one cannot be used because of the small number of

accidents that occur at one single intersection. However it is very useful for larger

more general studies with large quantities of data. The second method requires

more knowledge of hazardous behaviour on the site because a hypothesis should

be formulated, but when this knowledge is available, Head Movements is not only

a measure of safety but also gives an explanation of what causes accidents. Deep

Interview is not suitable as a measure of safety at an intersection. However for

other types of studies it is useful for the generation of hypotheses of what causes

accidents. Besides these methods for analysing traffic safety the methods Degree

of Separation and Conflict Technique have been studied in this project. These are

designed for use in limited studies of a small number of intersections. They both

give an idea of the traffic safety situation; the Conflict Technique provides some-

what more detail, but it is also more time consuming. However, for Degree of

Separation the relation to the number of accidents is uncertain and for Conflict

Technique the experience an observer needs to be able to collect reliable data is

uncertain.

The importance of the descriptive methods should not be underestimated. For

instance, speed and traffic flow have a great influence on traffic safety. Methods

for registration of speed using physical sensors such as tubes are useful for long-

term measurements to get a more precise picture of speed at single points, which

is not necessary for this study. Video based methods for speed measurements are

often used to measure how speed changes within an area, e.g. a roundabout. For a

study such as the one in this report, methods (e.g. laser gun) that give a general

idea of the level of vehicle speed at single points are satisfactory. Methods which

measure traffic flow in the same way as speed, using physical sensors, are useful

VTI meddelande 887A 1



for collecting long-term data at single points. However the aim of this study was

to get detailed data on how road users move through the intersection. Video

recording and manual evaluation were therefore used.

Time delay was the only quality studied in this project because it is easy to use

and to measure. Although this is not the only quality of interest it was prioritised.

Waiting time and percentage of cyclists with waiting time generate useful data.

However the method to measure passing time could be modified because the

purpose of this study is just to get a general picture. Interaction between driver

and cyclists is also a valuable measure of the situation of cyclists in traffic, for

instance drivers blocking the way for cyclists using the cycle crossing.

The result from the application example, a study of an intersection, was that the

traffic safety situation for cyclists is just a little worse than normal according to

Degree of Separation and normal according to the Conflict Technique. This can be

compared with the finding of a statistical model that the number of cycle-motor

vehicle accidents conforms to expectations if data for the last 5 years are

considered and is a little above the expected number if 11 years of data are

considered. The model considers "regression to the mean" and is implemented in

DOK2 (Briide & Larsson, 1992). However the study was too small for an

assessment to be made of the reliability of the different methods.

Furthermore the results from the intersection show that the mean speed of free

vehicles when they pass the pedestrian and cycle crossings on the primary road is

just below the speed limit, 50 km/h, which is too high compared with the goals set

in "Vision-0". The results from the registration of cycle flow are that the cycle

crossing across the secondary road has a much larger cycle flow than the others.

Furthermore, the cycle crossings are used by most cyclists and about equally in

both directions.

The result of the measurement of Time Delay shows that the waiting time for

those who have to stop is on average 8 to 9 seconds and that about 9% of the

cyclists have to wait. The passing time was about 4 s for the secondary road and

about 7-8 s for the primary road.

2, VTI meddelande 887A



1 Introduction

There are many different methods to study the situation of cyclists in traffic.

Researchers and others who want to survey the situation of cyclists need an

overview of methods, the result they generate and the effort they require.

Therefore a literature review needs to be carried out.

The main aim of this study is to describe and compare methods that can be

used to study the traffic situation for cyclists at junctions. Furthermore, the

purpose of the methods and the results they generate will be summarised.

The situation of cyclists at a specific intersection that is going to be recon-

structed to a roundabout because of problems will be used as an application

example for suitable methods from the literature review.

VTI meddelande 887A 3



2 QOverview of methods

The literature review has shown that there are a large number of methods. This

literature review does not therefore cover all possible methods. The ones men-

tioned are in this report divided into three categories, traffic safety, descriptive

and qualities. The methods are as follows:

Traffic safety

e Conflict Technique

e Degree of Separation

e Statistical Accident Analysis

e Deep Interview

e Head Movements

Descriptive

e Traffic Flow Registrations

e Speed Measurements

Qualities

e Time Delay

e Behaviour and interaction between cars and cyclists

Measures of quality for the cyclists are included in the review but only methods

that are connected to observations. Subjective measures of attitudes and the way

road users experience the traffic situation are not included in this study even

though they could be seen as measures of quality. Capacity is also not included

for any category of road users.

Chapters 3 to 5 review the methods. Chapter 6 contains the application

example at the intersection.

In the application example, a study of an intersection, the following methods

were used.

Conflict Technique

Degree of Separation

Speed Measurements

Traffic Flow Registrations

Time Delay

How these where chosen is explained in Chapter 6.

4 VTI meddelande 887A



3 Traffic safety

3.1 Conflict Technique

Conflict Technique is used to study behaviour and to measure traffic safety at

intersections. It can be used to evaluate a change for instance in a pre-post-study

of a reconstruction. It can also be used to compare different intersections.

There are several varieties of Conflict Technique. The one described in this

chapter has been developed at Lund Institute of Technology (LTH), (Almqvist.

1998; Hydén, 1987). The idea behind the technique is that the number of serious

conflicts between road users, for instance at an intersection, is a measure of traffic

safety at that intersection. The serious conflicts are used as a measure of traffic

safety in the same way as accident data.

This Conflict Technique is used to study behaviour between a motor vehicle

and another road user. The other road user can be another motor vehicle, a cyclist

or a pedestrian. A conflict is a situation that would have resulted in an accident if

neither of the road users had averted it by braking, accelerating or swerving.

The observations are carried out at the site, which could be an intersection or a

pedestrian crossing. The seriousness of the conflict depends on the time to

collision (TTC). TTC is calculated from estimation of the speeds of the road users

and the distances to the point where they would have collided if their speeds and

directions had remained unchanged. If both road users involved in the conflict

turn or brake to prevent the accident, the highest TTC value of the two is the TTC

for the conflict. In other words the first one to react determines the TTC value and

thereby the severity of the conflict.

Only the serious conflicts are counted and analysed. The definition of a serious

conflict is that the TTC value is smaller than a certain value that depends on speed

(Figure 1). At for instance 35 km/h, conflicts with TTC smaller than 1.5 s are

considered serious. This definition is the one used at LTH at present (Almqvist,

1998). The definition of a serious conflict used to be TTC < 1.5 s, independent of

the speed (Hydén, 1987; Linderholm, 1981).

According to Almqvist (1998) a study is usually based on 6-7 hours of

observations daily for 5-6 days and a total of approximately 30 observed conflicts

are enough to base an analysis on. The site is usually video recorded at the same

time as the observations are carried out. The recording is used to review the

observed conflicts and to analyse them in greater detail, to be able to verify what

was observed and to determine whether or not the conflicts were serious when this

could not be determined during the observations.
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Figure 1 Seriousness of conflicts dependent on speed and TTC (Almqvist, 1998).

There is, according to Linderholm (1981), a ratio between the number of serious

conflicts and police reported accidents leading to personal injuries. The ratios

(table 1) depend on speed and direction of the paths of the road users involved.

The definition of a serious conflict is in this case TTC < 1.5 s and not according to

figure 1. The ratios are based on Swedish conditions.

Table 1 Ratios between police reported accidents leading to personal injuries

and serious conflicts per time unit (Linderholm 1981).

 

 

 

 

 

Conflict Situation

Car-car parallel' Car-car Car-pedestrian

perpendicular car-cyclist

Category 1

Speed >35 km/h 0 2.4 x 10° 9.6 x 10°

1.0 <TTC < 1.5 s

Category 2

Other conflicts 2.8 x 10° 11.9 x 10° 33.9 x 10°

 With TTC < 1.5 s    

1
This is rear end and parallel situations, where the angle between the paths of

the two vehicles is clearly below 90°.

This is oncoming and perpendicular situations where the angle is greater than

or approximately equal to 90° between the paths of the vehicles.
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3.2 Degree of Separation

The Degree of Separation Method has been developed at The Swedish National

Road and Transport Research Institute (VTT). The information source is Thulin &

Obrenovic (1986) or Obrenovic (1998). The technique is used to measure traffic

safety for cyclists and pedestrians. It classifies road user behaviour into

"separated" and "non-separated". The method is useful for pre-post-studies as

well as for making a survey of traffic safety.

"Separated" pedestrians or cyclists are not affected by and do not interfere with

other vehicles. There is no risk that a separated pedestrian or cyclist collides with

a vehicle. They pass one another, at a longer or shorter distance, without affecting

each other. That is, they do not brake, accelerate or swerve because of one an-

other, but it could be that one of them chooses to stop for the other. A right

turning cyclist is always considered "separated". Pedestrians or cyclists are

categorised non-separated when one of them has to brake, swerve or adjust speed

because of another road user.

The technique generates two measures, 1. the number of non-separated road

users and 2. Degree of Separation, the percentage separated of the total number of

observations. These two measures are then used as measures of traffic safety. The

higher the Degree of Separation, the lower is the risk of a collision. The larger the

number of non-separated cyclists, the larger is the number of collisions with cars

that can be expected.

The Degree of Separation is classified in three groups, green, yellow and red

(Thulin & Obrenovic, 1986). Green represents good Degree of Separation and

equals values between 0.9 and 1.0. Between 0.7 and 0.9 is less good separation

and yellow. Below 0.7 is poor separation and red.

Degree of Separation is evaluated from video recordings of a site. There shall

be at least 25 observations of cyclists to calculate Degree of Separation with

satisfactory accuracy for a traffic stream (Thulin & Obrenovic, 1989). The recor-

ding shall be spread over the day so that a representative picture of the situation is

obtained (Thulin & Obrenovic, 1986).

The change in the number of accidents to be expected after an intersection has

been rebuilt can be estimated from the number of accidents before and the change

in the number of non-separated road users assuming that the relationship between

accidents and non-separated road users is linear (Thulin, 1988).

3.3 Statistical accident analysis

The number of accidents that occur is a direct measure of traffic safety. Accidents

can be divided into casualties, severe or light injuries and property damage. A

distinction should be made between the number of accidents and the number of

persons involved in accidents.

Accident data are useful for a pre-post-study or to find the effect of a certain

feature on traffic safety. In the first case the number of accidents before and after

a change, and if possible also the severity, is compared. It is important not to

ignore the regression effect. This effect is described by Jorgensen & Jorgensen

(1994) approximately as follows: The number of accidents for one intersection

fluctuates over the years. Intersections to be reconstructed are rarely picked out at

random. They are usually chosen because they have a high accident rate. The

choice of which to rebuild could be based on for instance black-spot technique or

on intuition. In both cases the regression effect is a problem. If the accident rate is

VTI meddelande 887A 7



unusually high before the reconstruction it will likely decrease later on even if

there are no changes. When the accident rate changes towards the average rate

there is a regression effect. If the intersection is rebuilt the decrease will be

interpreted as an effect of the reconstruction when it is in actual fact a regression

effect. There is no reliable method to distinguish intersections with a high accident

rate from those that have an unusually or temporarily high accident rate. If the

intersection that is rebuilt is chosen at random there will not be a regression effect,

but this is not done because the goal is to improve black spots first.

When the regression effect is estimated the effect of the change can, according

to Jargensen & Jorgensen (1994), be calculated as the ratio between the number of

observed accidents after the reconstruction and the difference between the

predicted number of accidents and the regression effect. The predicted number of

accidents is judged from the general accident rate. A ratio larger than 1 should be

interpreted as improved traffic safety. The regression effect was by Jorgensen &

Jorgensen (1994) assumed to be 25% of the predicted number of accidents .

Briide & Larsson (1988) have developed a method which considers the

regression effect and predicts the "true" number of accidents, m ( Formula 1). The

observed number of accidents at the site of interest, obs, is used in the formula

together with a prediction of the number of accidents, pred, that is based on large

amounts of accident data from similar situations. a is a constant which, for police

reported accidents at intersections in Sweden, is usually a number between 0.10

and 0.30. There is a computer program, DOK2, that is based on this method

(Briide & Larsson, 1992).

a * pred
I+ a* pred * (obs - pred) ( Formula 1)m = pred +

When police reported accidents are used, it must be borne in mind that there are a

large number of accidents that are never reported. Investigations have been made

of the ratio between police reported accidents and accidents registered by the

casualty departments of hospitals in a specific area (Thulin and Obrenovic, 1989).

On the basis of this information, the actual number of accidents can be estimated

from the reported number.

3.4 Deep Interview

To identify the cause of accidents, deep analysis based on interviews with people

who have been involved in accidents at a particular intersection may be used.

Pettersson (1989) writes that each accident is caused by information loss in the

information processing by the road user and that without this loss the accident

would be avoided. Mechanical, perceptual and cognitive filters cause the loss. The

mechanical filters depend on for instance the vehicle or the traffic environment.

The perceptual filters depend on physiological limitations and awareness, which

depends on motivation. The function of the cognitive filters depends on

expectations, experience and interpretation. The information that reaches the road

user through all these filters is what he bases his actions on. The data collected in

interviews point out the information the road users have missed, and on the basis

of this a decision is made of how to improve the road environment.

According to Pettersson (1989) the interview shall be carried out in three steps

as follows: Information about the road user is first collected. A survey is made of

8 VTI meddelande 887A



experience, awareness and expectations and motivation at the specific intersection

for the time of the accident. The second part of the interview concentrates on the

accident. The road user is asked first to describe the situation just before the

accident by drawing and sketching. Then, using the sketch, he first describes what

he expected would happen and then what actually happened. In the third part of

the interview other important information is collected. The road user is first given

a chance to describe and explain, then the interviewer asks for missing

information. It is important to distinguish between what is said spontaneously and

in answer to questions.

Pettersson writes that to complement the Deep Interview the characteristics of

the road environment must be carefully described and a note must also be made of

any peculiarities which the vehicle might have. An analysis based on the infor-

mation processing model described above is carried out to reveal what informa-

tion the road user misses.

As mentioned above, Deep Interview may be used to identify causes of

accidents. Furthermore Pettersson (1989) writes that the method is good to use in

combination with a statistical accident analysis. Then the deep analysis is used for

identifying characteristics that might have an impact on traffic safety and the

statistical analysis is used to determine the effect of the characteristics on safety.

In this way the results can be further generalised to be valid for more than one

specific accident. Without a statistical analysis reliance has to be placed on

common sense when judging whether or not a finding from the interviews can be

generalised.

3.5 Head Movements

Instead of accidents, the hazardous behaviour that causes the accidents may be

studied. Summala et al., (1995) have, after having identified a frequent type of

accident, studied the strategy of visual scanning behaviour and found connections.

One example is accidents between cyclists and cars at T-junctions between a

primary road and a secondary connecting road. It was found that one accident type

was more frequent than other types; a car from the secondary road makes a right

turn and collides with a cyclist. The cyclist is riding on the left side of the primary

road towards the intersection. The cause was in this case found to be that drivers

who are about to make a right turn do not look right for cars whereas left turning

car drivers look both ways. Therefore the right turning car drivers might miss

cyclists coming from the right but the left turning car drivers discover them when

searching for other cars. Countermeasures to prevent accidents of this type were

evaluated using the method described below which registers visual scanning

behaviour.

In the methods used by Summala et al. (1995) visual search strategy is ana-

lysed from head movements that are recorded using two video cameras. One

camera records the driver's head movements, straight from the front, from the

other side of the intersection. The other records the position of the car from which

speed can also be calculated. If a larger area is to be covered with the video

cameras or the position of the cyclist is to be recorded a third camera is used

(Riasinen, 1997). When recordings are made, it is important that the cameras are

not visible to the road users. For the analysis the recordings are time-synchronised

and mixed into one picture. The driver's line of sight is then estimated manually

from the recorded head movements to an accuracy of 5 or 15 degrees (Riasinen et

VTI meddelande 887A 9



al., 1998; Summala et al., 1995). The speed and position of the car are also

computed from the recordings.

Dutch researchers (Janssen. et al., 1988) have also used head movement

patterns and found that they reflect when road users give way, or do not do so, in

general-rule and special priority regulated intersections. Two indicators of the

driver's attention towards the other road user were used, direction of first head

movement and frequency of head movements towards the other road user. For

registration of the head movements video cameras were used. Speed and position

were also computed in a way similar to the above method degrees (Risinen et al.,

1998).

In the methods described above head movements are registered using video

recordings and evaluated manually. This method is useful when studying real

traffic. When studying single drivers in a specific car, a different measuring de-

vice can be used to measure the angle more precisely. Parsonson & Isler &

Hansson (1996) use a stylus pointer mounted parallel to the line of vision on a

cycle helmet. From the stylus pointer a plumb bob is suspended. The angle of

neck articulation can be read from the position of the suspension cord on a

graduated transparent arc mounted on the shoulders.

There are many variations of instruments that register head movements auto-

matically such as a helmet with a mechanical registration equipment that was used

when studying give way behaviour at intersections (Helmers & Aberg, 1978).

10 VTI meddelande 887A



4 Descriptive

4.1 Traffic Flow Registrations at an intersection

It is important to know when evaluating traffic behaviour how road users pass

through an intersection. This is particularly important for cyclists because they use

many different paths through an intersection. The traffic volume of different

categories of road users is also important data.

The traffic flow of vehicles and cyclists can be recorded using sensors under

the pavement. This is a suitable technique for measurements during a longer

period. It is however of great importance that the sensors are placed exactly at the

right place and it should be borne in mind that they have difficulties in detecting

aluminium cycles and do not detect those made of plastics (Bolling, 1995).

For temporary measurements cables or tubes are better than sensors under the

pavement. Two systems to measure speed and flow of vehicles have been

developed at VTI, TA89 and PTA. TA8Y consists of rubber tubes, a sensor, an

amplifier and a computer. Two parallel rubber tubes are glued to the pavement

perpendicular to the direction of traffic flow. When a vehicle passes, the air in the

tube is compressed and the pressure pulses are registered and converted into

electrical pulses which are interpreted as the number and speed of vehicles

(Lundkvist & Ytterbom, 1994). Coaxial cables may also be used instead of tubes,

as in the case of PTA, described below. If the harder tubes used for vehicles are

replaced by tubes made of Latex, cyclists can be recorded (Bolling, 1995).

PTA is similar to TA89 but instead of tubes coaxial cables are used which

generate electrical pulses when vehicles pass (Lundkvist & Ytterbom, 1994).

There are two parallel cables and a third one placed diagonally. The latter is used

to measure the lateral position of vehicles. This system is used for motor vehicles

only.

Sensors in the pavement, cables and tubes are useful to measure flow at one

section. However they can not be used for recording the paths of road users.

Examples of paths are that a left turning cyclist can use a diagonal path through

the intersection or a path crossing two bicycle crossings. When more detailed

information is needed about flow then a manual count of the total flow at one

point, directly at the site or from video recording, is preferred. The direction

traffic comes from and where it is going is recorded as well as how it passes the

intersection. For instance a cyclist may or may not use the cycle crossings when

making a left turn. The flow for different paths may be registered on site or from

video recordings. For registration at the site, several observers who register flow

for different directions or different road user categories are required. Counting

from video recordings is probably more accurate because these can be checked

repeatedly.

There are image processing systems and tracking systems under development.

These will be used to extract data such as flow of road users, speed, time distance,

interaction, conflicts etc from video recordings (Bolling, 1995). As regards

tracking systems see also 4.2 Speed Measurements.

4.2 Speed Measurements

When behaviour in traffic is described, the speed of different categories of road

users is important information.

VTI meddelande 887A 1 1



Speed at one chosen section can be measured using cables or tubes as

described in 4.1 Traffic Flow Registrations at an intersection. Both PTA and

TA8Y9 may be used for motor vehicles and the latter can also be used for recording

cyclists after modification. According to a validation study (Lundkvist &

Ytterbom, 1994) the two systems have good precision and accuracy when

measuring the speed of motor vehicles. The study showed no significant

difference between the speeds measured with the two systems, but when they

were compared to a third system, radar, a small difference was found between this

and PTA. At 100 km/h PTA showed 1% higher speed than the radar. The other

system showed less difference. From this study it is hard to say which measuring

system gives too high values and which too low, but the differences are anyhow

small.

Hand held laser or radar detectors are convenient tools to measure speed

because no large preparations are required. Therefore they are good for brief

measurements. The instrument is usually utilised from the side of the road, and

consequently not from straight on. This creates a systematic error that is larger the

further to the side the instrument is located. As a result of this the measured

velocity is always lower than the actual velocity. The error is half a per cent when

measurements are made at a distance of 30 m and the instrument is placed 3 m to

the side, measured perpendicular to the driving direction. Instruments of this kind

can be used to measure the speed of cyclists but they are more difficult to aim at

because they are smaller. The accuracy of various types of hand held laser or radar

detectors varies . The laser tool used in measurements in this study is a Pro Laser

II made by Kustom Signals Inc. and it measures speed with an accuracy of

+ 2 km/h according to the user manual.

The above methods measure speed at just one point and do not measure how

speed varies through an intersection. According to Jorgensen (1991) the speed

when passing through e.g. a roundabout can be recorded using video recordings

and a computer system. The method he describes registers how a vehicle passes

an intersection, more precisely the track the driver chooses. For this the vehicle

needs to be tracked through the intersection, which means that the position of the

vehicle in a local system of coordinates with x, y and z-axis is determined with a

certain time interval. This generates a series of coordinates and times from which

speed and acceleration can be calculated. The tracking requires that the inter-

section or roundabout is simultaneously recorded with two video cameras. The

positions of the cameras as well as that of a point that is visible from both cameras

must be known in the local coordinate system. One well-defined point of the

vehicle that is visible from both cameras all through the intersection, for instance

one corner of the roof, is chosen. This point is then marked on both video screens

for the same time. The position of the point on the vehicle in the local coordinate

system is then calculated from the positions on the two screens compared to the

position of the known point. This method is similar to the one referred to as image

processing system in 4.1 Traffic Flow Registrations at an intersection.

12 VTI meddelande 887A



5 Qualities

5.1 Time Delay

The time it takes a cyclist to pass an intersection is an important measure of

quality for the traffic situation of cyclists. In a project in Vixj6 (Varhelyi, 1993)

Time Delay was measured at the intersections using video recordings and manual

evaluation. Two kinds of Time Delay were recorded, waiting time and time for

passing. The first is defined as the time from the instant when the driver or cyclist

stops, by the give way line, kerb edge or for other traffic, until he starts to cross

the intersection. Passing time is the time measured from the start from the give

way line etc. until he reaches the zebra crossing or kerb edge on the other side of

the intersection.

5.2 Behaviour and interaction between car drivers and

cyclists

A study of the interaction between car drivers and cyclists gives important

information about the quality of the traffic situation of cyclists. An example of a

quality measure is the extent to which cars give way to cyclists at the specific

intersection. This type of behavioural study can be carried out from video

recordings (Viarhelyi, 1993). It is also important to note whether car drivers stop

before the cyclist and pedestrian crossing or whether they encroach on either of

these, because in the latter case they are blocking the way for cyclists and

pedestrians (Pettersson et al, 1993).

Violations of traffic rules are an extreme type of behaviour that is a good

measure of how well the intersection works. Failure to stop for a red light or to

give right of way are examples of violations which must be noted.
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6 Application example - study of an intersection

6.1 Description of the intersection

The intersection is a four-way junction of two 2-lane roads, the primary road,

Vistvigen and the secondary road, Alerydsvigen (Appendix 1, 2). Near the

intersection both roads are widened, Alerydsviigen to 8-9 m and Vistviagen to 14-

16 m . The speed limit is 50 km/h on both roads through the intersection, but on

Alerydsviigen just after the intersection in the direction of Berga, Vidingsjo the

speed limit changes to 70 km/h. Vistvigen in the northerly direction leads to the

centre of Linkoping.

There are stop signs for vehicles on Alerydsvigen. There is one lane in each

direction except on Vistvigen in the direction from the centre, where near the

intersection there is one lane for traffic going straight on and one for straight on

and right turning traffic.

Cyclists are separated from motor vehicles on paths for cyclists and

pedestrians. There are cycle paths on both sides of Vistvigen towards the centre

but just on one side in the other direction. Alerydsviigen has cycle paths along the

road on both sides in one direction but one of these ends not far from the inter-

section. In the other direction the cycle paths leave the road to go into the housing

areas.

All four cycle and pedestrian crossings have 1.3 m wide refuges. The space

between the stop line and the cycle crossing is long enough for a car to stop

without obstructing cyclists.

On Vistvigen, right after the intersection in each direction, there is a bus stop.

The area around the intersection mainly contains residential areas with schools

and there is also a centre for the elderly.

A total of 9 accidents occurred during the period 1994-1998 and 22 accidents

during the period 1988-1998 (Persson, 1999). These are police reported accidents.

The characteristics of the accidents where cyclists were involved are described in

Table 2 for the two periods.

Table 2 Police reported accidents (Persson, 1999).

 

 

 

 

 

Number of accidents of different severity 1994-1998 1988-1998

Casualty - -

Severe Injury 1 2

Light Injury 6 11

Damage to property 2 9
 
Number of accidents of different types
 

Pedestrians-vehicle
 

 

 

 

 

 

   

Cycle-car 2 7

Car-car 6 11

Car single - 1

Car-Bus 1 2

Car-motorcycle = 1

Total 9 a
 

Of the 7 accidents between cyclists and vehicles in the eleven-year period, two

occurred when a cyclist crossed the secondary road and 5 when a cyclist crossed
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the primary road. Of the two that crossed the secondary road one used the east

cycle crossing riding, from his point of view, on the left side of the road and

collided with a vehicle that was approaching the intersection. The other one used

the west cycle crossing and was riding on the right side of the road and collided

with a vehicle that came from the primary road and had made a left turn.

According to Linderholm (1984), the cyclists using the cycle crossing on the left

side of the road, from their own point of view, are more prone to be involved in

accidents at intersections than those who use the cycle crossing on the right side.

This is neither verified nor rejected by these data.

Of the 5 accidents with cyclists who were crossing the primary road, two

involved cyclists who were coming from the secondary road and did not use the

cycle crossing to pass the intersection. One of these was riding in the lane on the

wrong side of the refuge and collided with an oncoming vehicle. The other one

collided with a vehicle that was going straight ahead on the primary road. The last

three accidents occurred on the cycle crossing, on the primary road south of the

intersection. The vehicles were in these cases going straight ahead and in two

cases the cycles were using the cycle crossing which, from their point of view,

was on the right side of the intersection and in one case on the left side.

6.2 Methods used in the application example

The methods that were used in the study of the intersection were:

Conflict Technique

Degree of Separation

Speed Measurements (laser gun)

Traffic Flow Registrations (video recording)

Time Delay

Degree of Separation and Conflict Technique were chosen as measures of

traffic safety because they are useful when studying traffic safety in just on single

intersection. Since the study consists of one intersection with few accidents,

statistical accident analyses would not give satisfying results. Deep Interviews

were also excluded because the task is not to suggest improvements, but rather to

evaluate the situation. Head movements were also considered unsuitable for this

study because it is not possible to identify a certain erroneous behaviour that can

be related to visual search.

Traffic flow and speed were both chosen as descriptive measures to be used in

the study. A laser gun was used because it requires less preparation and the aim is

to get a general idea about speeds. The traffic flow of different road users was

considered important information and was therefore analysed manually in detail

from video recordings.

Time Delay was chosen as the only quality measure in the study of this inter-

section because it is important for cyclists, also it was not possible to consider

more than one measure within the project. Time Delay is also good because it may

be used at intersections with stop signs as well as at roundabouts and intersections

with traffic signals.

All data collection and behavioural observations were carried out during

daytime between 06.30 and 18.30, which includes both rush hours and low traffic

flow. All data was collected in August after the schools had started. During data
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collection the weather was dry and not unusually cold or windy for the season.

This is important because it makes it easier to keep the conditions similar in a

possible post-study.

6.3 Conflict Technique

6.3.1 Method

The Conflict Technique used is the one described in 3.1, where the definition of a

serious conflict depends on TTC and speed according to figure 1. The conflict

observations were carried out 6 hours a day during 5 days. There was one

observer by the intersection from 7:30 to 17:00. Each day consisted of nine 40

minute observation periods with breaks in between. The exact schedule for the

periods is to be found in appendix 2. A discreetly placed video camera on a 3

metre high tripod was recording the intersection and pedestrian crossings from

7:30 to 17:00. The camera was placed on a hill with vegetation, which made the

camera less easy to see from the intersection. The conflict registration was carried

out in fine dry weather only, Monday to Thursday in one week and on Monday

the following week.

Conflicts, serious and non-serious were registered by the observer and

described in as much detail as possible. Estimated speed and distance to the

collision point, as well as type of road user, how the accident was averted and

weather characteristics, were noted on a form. The form (Appendices 2-3)

includes a sketch of the intersection which was used when describing the incident.

Only conflicts with cyclists involved were recorded. A laser gun was used to

"calibrate" the speed estimations made by the observer.

Conflicts, serious and non-serious, were registered during the observations on

site and reviewed from video recordings. Estimations of distance to collision point

and speed of the road users from the observations were adjusted during the review

when necessary. A stopwatch and known distances were used to estimate the

speed from the video recording.

6.3.2 Results

Five serious conflicts were observed. Together with the non-serious conflicts,

these are plotted in the diagram below (Figure 2) and listed in Appendix 4. It

should be noted that there are 3 conflicts that are non-serious conflicts but are

close to the dividing line between serious and non-serious conflicts.

The number of police reported accidents with personal injuries is estimated

using the ratios from table 1. Three of the five serious conflicts were of category 1

and two of category 2, and the observations lasted 30 hours. The 5 serious con-

flicts thus correspond to 0.281 police reported accidents per year with personal

injury to cyclists.
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Figure 2 Registered conflicts, both serious and non-serious.

6.3.3 Discussion

The data collection was carried out without any problems according to the method

described in 3.1. The only questionable detail is that, due to shortage of staff with

knowledge of the technique, the person who carried out the conflict registrations

was the same person who had planned the study. The impact of this is likely to be

small because of the strict definition of a serious conflict. It should however also

be noted that the observer was only able to practise the conflict technique on a

couple of occasions before this study.

Only a small number of conflicts were recorded even though the intersection

was observed 6 hours a day for 5 days. Just 20 conflicts were recorded and 5 of

these were serious conflicts. This is less than the recommended number of

observed conflicts, 30, which means that there is an uncertainty in the results.

There was not time for further observations within this study.

There are not many serious conflicts between cyclists and vehicles. This is to

be expected because the traffic density is not very high. The prediction of the

number of accidents, using the ratios (table 1), is lower than the actual number of

accidents. It is 0.281 per year compared with 2 cycle-vehicle accidents in the last

five years and 7 cycle-vehicle accidents in the last eleven years. In the final

discussion regression to the mean is considered.

6.4 Speed

6.4.1 Method

A laser gun was used for the Speed Measurements. The aim was to get an idea of

the level of speed of free vehicles driving straight ahead on the primary road

(Vistvigen) without turning at the intersection. The speed of traffic coming from
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Linkoping centre was measured when it passed the cycle crossing before the

intersection. The speed of vehicles going in the other direction on Vistvigen was

measured when they passed the other cycle crossing before the intersection. The

cycle crossings were chosen for the measurements because most cyclists use them

and most accidents occur there. The ones before the intersection were chosen

because it was assumed that the vehicle speed is higher there then on the cycle

crossing after. The speed was measured where the road markings for the cycle and

pedestrian crossings begin on the side the driver first comes to. The precise

measuring point differed slightly for different vehicles (+5 m).

The speeds of 100 vehicles in all were measured, half in each direction and half

in low and half in high traffic flow. The measurements were carried out 10.00 to

12.00 and 16.30 to 17.30 for low and high traffic flow respectively.

The laser gun was pointed at each vehicle from inside a car that was parked at

the side of the road by a bus stop. The side window was kept partly open. For the

measurements in one direction the car was parked on the grass and in the other on

the footway. The distance from the laser gun to the point where the vehicle speeds

were recorded was on average 71 and 70 metres for traffic from the centre of

Linkoping and 83 m for traffic in the other direction. The distance perpendicular

to the driving direction of the vehicles was in the first case 6.5 m and in the

second case 0 m because the road turns. No heavy vehicles were included in the

measurement.

6.4.2 Results

The speed was recorded with an accuracy of +2 km/h. The angular error has been

corrected for in the results below (Tabele 3). The speed limit is 50 km/h.

Table 3 Mean speed, median speed and standard deviation (SD) for cars.

 

 

 

 

 

 

 

 

 

 

 

Direction Traffic flow |N Mean speed Median speed SD

From city centre High 25 A47 46 4.72,

From city centre Low 25 51 49 7.89

To city centre High 25 50 48 6.70

To city centre Low 25 49 49 6.50

From city centre Total 50 49 48 6.68

Total High 50 48 47 5.86

To city centre Total 50 49 49 6.54

Total Low 50 50 49 7.21

Both directions Total 100 49 483 6.58        

6.4.3 Discussion

The method to measure the speed of cars using a laser gun worked well. It should

however be borne in mind that the car from which the measurements were carried

out was parked where cars are not parked normally, which might affect the speed.

A car was however the best hiding place from where it was still possible to make

measurements.

The mean speed of free vehicles when they pass the pedestrian and cycle

crossings on Vistvigen is just below the speed limit, 50 km/h. The vehicles on

Vistvagen probably do not slow down for this intersection because the vehicles on

the other road have to stop.
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6.5 Degree of Separation

6.5.1 Method

The Degree of Separation was evaluated for cyclists using the method described

in 3.2. The recordings of Degree of Separation in the intersection were made on a

Tuesday morning and half a Wednesday afternoon, in all from 6:30 to 18:30. This

recording is part of the one used to review the conflicts. The camera was placed

discreetly on a 3 m high tripod.

The data used to calculate the Degree of Separation are included in 6.6 Traffic

Flow Registrations.

6.5.2 Results

The total number of cyclists and the number of those who were non-separated are

set out in figure 4, separately for each direction the cyclists come from and go to.

In figures 5-7 the total numbers of cyclists and non-separated cyclists are

presented for different paths through the intersection.

The total number of non-separated cyclists is 546 and the total number of cyclists

is 1757, from which a Degree of Separation of 0.69 is calculated.

The Degree of Separation for each of the 4 entry roads was calculated using data

for cyclists crossing only one of the four roads. The Degree of Separation on the

secondary road, Alerydsviigen, was 0.72 for the east cycle crossing and 0.70 for

the other one. Across the primary road, Vistvigen, the Degree of Separation was

0.66 for the north cycle crossing and 0.74 for the other one.

For cyclists who cross one road using the cycle crossing which, from their point

of view, is to the left of the intersection, the Degree of Separation is 0.68 ("left

hand traffic') and for those who use the cycle crossing to the right, 0.75 ("right

hand traffic").

6.5.3 Discussion

According to the categorisation of the Degree of Separation into good, less good

and poor the total value at this intersection is just below the borderline to poor

Degree of Separation. All values less than 0.7 are considered a poor Degree of

Separation, Thulin & Obrenovic (1986).

There is a tendency for the degree of separation to be higher for those who pass

the intersection using the cycle crossing on the right side. This can be compared to

the finding by Linderholm (1984) according to whom cyclists who pass an inter-

section using the cycle crossings on the left side run a higher risk of being in-

volved in accidents.

6.6 Traffic Flow Registrations

6.6.1 Method

Traffic flow was recorded using a video camera and evaluated manually from

video tapes. The camera was erected at a discreet place on a 3 metre high tripod.

One working day's recording from 06.30 until 18.30 was used. The cyclists were

counted for the whole period, and at the same time they were categorised as

separated or non-separated. The cars were counted during every other five minute
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period. This could be done because the flow of cars was so high that it did not

influence the accuracy.

The direction the cars and motor vehicles come from and whether they go

straight on, turn to the left or to the right, is recorded. For cyclists the situation is

more complicated since they ride in both directions on the cycle paths and

sometimes also mixed with vehicles. They pass the intersection either on cycle

crossings or go through the intersection. All combinations of directions are

recorded in separate categories.

6.6.2 Results

The total number of cyclists counted was 1757. The hourly flow between 6.30 and

18.30 is presented in figure 3. The average working day flow is calculated as

2694. The annual average flow on working days is defined as twice the flow

between 6.00-9.00 and 15.00-18.00 during a working day in May (Vigutformning

94, 1994). That the measurements in this project are carried out in August instead

of May is assumed not to have any effect because the schools had started after the

summer break. The slight difference in the hours of measurement is also assumed

to have no influence on the average working day flow. The conclusions from

calculations and the graph of hourly flow are that the average working day flow is

about 2700 cyclists per day and that there are two peaks, just around 8:00 and

17:00 with 300-500 cyclists per hour.

Bicycle flow
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Figure 3 Bicycle flow per hour between 6.30 and 18.30.

The cycle flow broken down into cyclists riding straight, turning right and turning

left for each of the 4 directions is presented in figure 4 independently of how they

pass the intersection. The largest cycle flow, 56%, is going straight along the

primary road, Vistviigen; this includes both directions and both cyclists who do

not cross Vistviigen and those who do. The different paths that the cyclists use

when passing the intersection are described in figures 5-7 below. It was just stated

that most cyclists travel along Vistvigen. Most of these cyclists use the north-east
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cycle crossing on the secondary road, Alerydsviigen. 50% of the cyclists use this

cycle crossing when passing the intersection. There are very few cyclists who pass

the intersection and do not use the cycle crossings. Another important observation

is that the cycle crossings and probably also the cycle paths are used to about the

same extent in both directions.
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Figure 4 Bicycle flow broken down by the directions the cyclists come from and

go to. The number of non-separated cyclists and the total number of cyclists

between 6.30 and 18.30 on a working day.
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Figure 5 The paths of cyclists riding "straight on" during one day. The number

of non-separated cyclists and the total number of cyclists observed between 6.30

and 18.30 on one working day.
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Figure 6 The paths of the cyclists turning right during one day. The number of

non-separated cyclists and the total number of cyclists observed between 6.30 and

18.30 on one working day.
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Figure 7 The paths of cyclists turning left during one day. The number of non-

separated cyclists and the total number of cyclists observed between 6.30 and

18.30 on one working day.

The vehicle flow was 7592 for the period studied. In the morning and evening

peak hour the vehicle flow through the intersection is about 1000 vehicles/h.
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Figure 8 Vehicle flow per hour.
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The flow has a quite even distribution for the different directions. The flow is

1000-1500 for vehicles going straight through the intersection on both roads in

both directions. The flow is 200-300 for the turning streams except for around the

north corner where the flow is a little more than 500 in each direction. The vehicle

flow broken down by the different turning directions is presented in figure 9.
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Figure 9 Vehicle flow

6.6.3 Discussion

The survey of cycle and vehicle flows generates a good picture of the traffic

situation at the intersection. It is now clear that the cycle flow is large and also

that the cycle crossings on the secondary road have a much larger cycle flow than

the others. The cycle flow is high for an intersection outside the centre of a city

the size of Linkoping.

It is good to have an idea of the size of vehicle flow. It is just a little larger than

8000 vehicles per 24 hours, which is good to know since this is a limit above

which the use of roundabouts where cyclists are mixed with vehicles on the

circulation area is not recommended (Schoon & van Minnen, 1994). Both flow

and speed influence traffic safety as argued in the end discussion.

6.7 Time Delay

6.7.1 Method

The method used is inspired by a method described above in 5.1 Time Delay

(Viarhelyi, 1993). Waiting time and passing time were evaluated manually from

video recordings using a stop watch. Waiting time is defined as the time from the

instant when the driver or cyclist stops by the kerb edge until he starts to cross the
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intersection. A stop is defined as when one foot is on the ground or the cycle is

clearly standing still. Passing time is the time from the instant when the first

wheel passes the kerb edge until the last wheel passes the kerb edge on the other

side of the intersection. When the cyclist has to stop half way by the refuge this

time is included in the passing time.

When the cyclist passes two cycle crossings the waiting time at the first one, if

any, is recorded and then the passing times for the cycle crossings separately.

When there is waiting time before the second crossing it is also recorded sepa-

rately. The short time it takes to go from the end of the first crossing to the be-

ginning of the second one is included in the first passing time.

Four different categories of passing an intersection were distinguished. 1)

Going straight on and using one cycle crossing. 2) Going straight on and using the

vehicle lane. 3) Making a turn at the intersection and using more than one cycle

crossing. 4) Turning and using the vehicle lanes exclusively or partly. An example

of the latter could be that the cyclist approaches the intersection on the cycle path

and after the first refuge he turns and continues in the vehicle lane. A distinction

was also made whether the cyclists were passing the primary road (Vistvigen) or

the secondary road (Alerydsvigen), on which vehicles have to stop for the traffic

on the primary road.

Time Delay was evaluated from 3 hours of video recordings from one weekday

7:30-8.30, 14.00-15.00 and 16.00-17.00. The form used for recording Time Delay

from video recordings is included in appendix 5.

6.7.2 Results

The Time Delay for the various ways of passing the intersection is presented in

Tables 4-5. No cyclists used more than two cycle crossings to pass the inter-

section. 9% of all cyclists had to wait before passing the intersection. Of those

who were turning at the intersection and were using the cycle crossings 26% had

to wait. The percentages of cyclists with waiting time for other types of passages

are presented table 4.

Table 4 Percentage of cyclists with waiting time, waiting time and standard

deviation (SD) of waiting before crossing the intersection in different ways.

 

 

 

 

 

      

Type of passage Cyclists Cyclists with Waiting SD [s]

waiting1 [%] time [s]

1) Riding straight, using cycle crossing 571 7 8.9 6.0

2) Riding straight, using lane 2 - - -

3) Turning, using cycle crossing 89 26 8.2 7.1

4) Turning, using lane 9 11 9.0 -
 

' No cyclists had more than one waiting time.

The passing time is longer for crossing the primary road than for crossing the

secondary road mostly because of the difference in width.
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Table 5 Passing time for the different ways cyclists pass the intersection.

Vistvigen is the primary road and Alerydsviigen the secondary.

Road time [s

3.9

7.9

4.5 -

2 1 6.9 -

3) T 4.4 1.2

3) T 1 7.0 2.0

4) T lane Both 11.2 2.5
 

Table 6 Total time (= waiting time and passing time) for passing the intersection.

time [s SD [s

1 5.2 4.3

2 5.7 1.7

3) T 13.5 6.2

4) T lane 12.2 5.1

 

There are very few observations in the categories 2 and 4. The data for these are

therefore not reliable. When comparing the Time Delay for cyclists during the

morning rush hour to the situation in general there is hardly any difference. The

same is observed for duration of waiting times. These data are to be found in

Appendix 7.

6.7.3 Discussion

Manual evaluation using a stop watch introduces some errors. But as the method

is used in this study, to get a general opinion of the quality for cyclists at one

intersection, the accuracy is satisfactory.

The most interesting data is probably the number of cyclists who have waiting

time and the length of the waiting time. The time spent to cross a road or go

through an intersection is probably not experienced as a "waste of time" to the

same extent as standing still. The crossing or passing time varies very little

between cyclists. Nor does the other traffic have a large influence. The evaluation

of both waiting time and passing time for three hours of video recording was quite

time consuming. If it is necessary to prioritise one measure before another,

waiting time together with the percentage of cyclists who have to wait is more

informative. As regards passing time a less time consuming method would be to

just study the lane width the cyclists have to cross and to use this as a measure of

how long they are exposed to vehicular traffic.

The waiting time for those who have to stop is on average 8 to 9 s, with a very

large standard deviation which means that some of the cyclists have to wait a lot

longer and some can pass very soon. About 9 per cent of the cyclists have to stop

before crossing.
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7 Discussion and comparison of methods

7.1 Statistical Accident Analysis, Conflict Technique or

Degree of Separation

Conflict Technique and Degree of Separation have similarities and are also related

to Statistical Analysis of Accidents. Because both Conflict Technique and Degree

of Separation are measures of traffic safety. However the methods are used for

different types of studies. Statistical Analysis of Accidents is in general utilised

when studying a large number of intersections to find the effect of a change in a

pre-post-study or of a certain characteristic which some of the intersections have.

Conflict Technique and Degree of Separation are mostly used for studying the

effect of a change in a pre-post-study in one or a small number of intersections.

The strength of Accident Statistics is that it makes it possible to include data

from a large number of intersections in order to get a good overview of the

general situation. This avoids the risk that one specific intersection which could

have very odd data will have a too large influence on the results. However when

just one or a few intersections are studied accident data have to be collected for a

longer time, which is unsatisfactory because of the risk that the conditions at the

intersection, for instance vehicle flow, change. From this point of view Degree of

Separation and Conflict Technique are preferable because they will give results

after just a few days of study. On the other hand it would be very time consuming

or even unrealistic to use one of these two methods, for instance to get a general

picture of traffic safety at a specific type of intersection in Sweden, compared

with using the available accident data.

There are a few problems with statistical analysis that the methods Degree of

Separation and Conflict Technique do not have. The regression effect is difficult

to deal with when accident data are analysed. However there are methods to

overcome the difficulty e.g. the method used in the computer program DOK2

(Bride & Larsson, 1992). Another problem is that not all accidents are reported to

the police. This is especially important to take into account for less serious

accidents and those with only pedestrians and cyclists involved; on the other hand

in the case of a pre-post-study or if the ratio between reported and actual number

of accidents is known, this problem can be dealt with.

The number of accidents that occur is a direct measure of traffic safety, while

Conflict Technique and Degree of a Separation are indirect measures of the

number of accidents, and their reliability is therefore an important point of

discussion. Conflict Technique and Degree of Separation are mainly used in pre-

post-studies but can also be used to predict accidents. In the latter case the

Conflict Technique assumes a linear relation with a ratio that depends on the

direction and speed of the vehicles involved. The ratios are however based on an

older version of the Conflict Technique than the one used now and in this study. It

is uncertain to what extent the ratios are valid in combination with the new

method. The results from Degree of Separation are also used to determine a

change in the number of accidents from the change in Degrees of Separation,

assuming a linear relationship. It must be borne in mind that there is always

uncertainty in these predictions that accident data do not have. It shall also be

noted that interactions between road users are not always to be considered unsafe

because, according to Svensson (1998), the relation between interactions and

more serious events depends on the distribution of the severity of the interactions.
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Interaction is then defined as a traffic event with road users on a collision course

where interactive behaviour is a precondition to avoid an accident. Furthermore

Svensson (1998) writes that an intersection with a high frequency of interactions

widely distributed across the severity levels, mainly at the less serious levels,

seems to have more events with high injury potential. However at sites that have a

narrow distribution of interactions at a reasonably high level of severity, events

with high injury potential seem to be less common. These observations do not

agree with the method Degree of Separation in which all interactions are

considered to have a negative effect on traffic safety.

When Conflict Technique and Degree of Separation are compared, the data

from the first method is more detailed regarding severity of "accidents". Conflicts

are measured in seconds (TTC) whereas in the Degree of Separation a road user is

either separated or non-separated. The time is valuable information when there is

no change in the number of serious conflicts because the time reflects the severity;

however the Conflict Technique is more time consuming. It might take one week

to collect data for one intersection compared with Degree of Separation that can

cover a small number of intersections in one day. By exposing the problems

associated with the methods one may see possibilities of making the methods

more efficient.

When the accident data from the intersection studied are compared with the

results from the methods Conflict Technique and Degree of Separation the results

are not totally comparable. However from the small amount of data collected it

can not be said that one or the other method predicts traffic safety better. There

have been 7 accidents involving cyclists during the last 11 years. If regression to

the mean according to the statistical method used in the computer program DOK2

(Briide & Larsson, 1992) is considered the number of accidents is 4.2 and the

expected number of accidents is 3.4. When only the last 5 years are considered, 2

accidents have occurred, which can not be considered more than normal according

to DOK2. (After the regression effect is considered the number of accidents is 1.6,

which is also the expected number.) This can be compared with the suggestion by

Degree of Separation that the traffic safety is "poor" (Degree of Separation < 0.7).

The number of serious conflicts indicates that there are 1.4 accidents in a 5 year

period and 3.0 accidents in an eleven year period.

7.2 Head Movements and Deep Interview

In very simplistic terms, it may be said that Deep Interview is used to create

hypotheses of what causes accidents at a specific place, whereas Degree of

Separation and Conflict Technique are used to verify or reject improvement of

traffic safety after a change, and Head Movements are used to study certain

behaviour related to traffic safety.

Head Movements can be used to study the traffic situation for cyclists at an

intersection, assuming that the visual search strategy of drivers is associated with

certain driver behaviour that causes accidents. Compared with Degree of

Separation and Conflict Technique, Head Movements require more detailed

hypotheses about what causes the accidents in order that it may be used as a

measure of traffic safety, e.g. that drivers who do not look in a certain direction

cause accidents. Head Movements is a good method because it measures

behaviour that is closely related to the accident and therefore also gives an

explanation of why accidents occur.
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In contrast to Head Movements, Deep Interview does not require one specific

hypothesis and is therefore useful when little is known about the cause of the

accidents. It is not used for evaluation but rather to find the cause of a few specific

accidents by studying them in detail. These causes are either used as a hypothesis

that can be verified in a larger more general study, or directly generalised. The

latter should however be done with caution.

The methods Head Movements and Deep Analysis are both relatively time

consuming, but useful for the purpose they are developed for.

7.3 Descriptive methods

Measurements of speed and traffic flow through the intersection are both

descriptions of how the intersection works and important background information

for understanding and analysing the traffic situation. They are indirectly related to

traffic safety and also to qualities for the cyclists, but can not be replaced by these.

However research has shown that vehicle speed has a large influence on traffic

safety, e.g. the risk of casualties is proportional to the speed squared (Elvik &

Borger & Vaa, 1997). It is also known that both the number of vehicles and the

number of cyclists affect the traffic safety of cyclists. There are also research

results which argue that the larger the cycle flow the smaller is the accident risk

per cyclist (Briide & Larsson, 1992). This is probably because the drivers expect

cyclist to a higher extent. This could explain that of the number of reported

accidents at the intersection just one of seven cycle accidents occurs on the cycle

crossing where 50% of the cyclists pass.

For both the measurements of speed and traffic flow the accuracy, how detailed

the information is, and the time spent to get the results, vary depending on the

method used. For Speed Measurements of larger samples at certain measuring

points, when there are high requirements of accuracy, cables, tubes or sensors in

the pavement are useful. For a smaller sample at one or more measuring points a

hand held laser or radar gun is convenient because no installation is required. In

the latter cases one is limited to measuring vehicles that are not hidden behind

other vehicles or obstacles. Another drawback is that the point of measurement is

not that well defined and therefore the accuracy is lower, but satisfactory for the

purpose of this study which has the aim to get a general idea of the level of speed.

That the vehicle speed of the second vehicle in a queue can not be measured is not

a problem either, since it is the "free" vehicles that drive the fastest and are the

greatest threat to cyclists.

When the way in which the speed varies for a single vehicle driving through an

intersection is studied, the use of the methods mentioned above is limited.

However this information can be collected using video based tracking methods or

other methods for image processing. These methods are more time-consuming and

are therefore only to consider when the aim is to study a few intersections in

detail.

There is always a risk that the measurements affect the drivers' choice of speed

and thereby the reliability of the results. It is said that drivers are used to cable and

tube measurements and are therefore not affected by these, but this can always be

questioned. A hand held laser gun is often associated with speed surveillance

might therefore have an impact on the speed if the equipment is visible to the

drivers. Video cameras that are placed so that they are visible may also affect the

speed.
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The systems used to measure speed at one section, with the exception of laser

or radar guns, may often also be used to register traffic flow. The methods used to

measure at single points are suitable for larger samples, but the knowledge about

flow and speed applies only to those particular points. For many studies this is

enough information, for instance when the traffic situation is studied in a larger

area or at many intersections, but when there is a need to know in greater detail

how the road users pass an intersection, this is better analysed from video

recordings. Data acquisition of the direction vehicles come from and the way they

turn is then possible. Cyclists often have very many different ways of passing an

intersection, which are good to know about when studying the situation of the

cyclist at one particular intersection. For example at the intersection studied in this

project it is now known not only that cycle flow is large but also that the cycle

crossing across the secondary road has a much larger cycle flow than the others.

7.4 Qualities

There are many various qualities to consider for cyclists in traffic. That can be

measured in more than one way, but just a few of these are mentioned here.

Maybe all methods used to study the situation of cyclists in traffic can be

considered measures of quality. The methods in this report, Time Delay and

interaction measure very different qualities and therefore cannot replace one

another. The single qualities can also be registered in different ways, and the ones

in this study are only examples.

Time Delay is one of the few measures of quality that is determined physically.

Since it is in seconds it is very concrete and easy to understand. It is good in pre-

post-studies because it is useful even if the design of the intersection changes a

lot, for instance from an intersection with a stop sign to a roundabout. The

analysis of the video recordings is time consuming and therefore the method is

suitable for studying a smaller number of intersections that are of particular

interest.

An interaction between cars and cyclists describing how frequently cars block

the way or do not give way when they are supposed to, as described in Section

4.2, is similar to Time Delay. The measures do not however replace one another

and both give important information about the situation of cyclists. These

different measures are time consuming and are therefore not used for larger more

general studies but are very informative and useful for particular intersections.

In this study the most interesting data are the number of cyclists who have

waiting time and the length of the waiting time. The crossing or passing time

varies very little between cyclists, therefore an alternative and a much less time

consuming method would be to just study the lane width the cyclists have to cross

and to use this as a measure of how long they are exposed to vehicular traffic. If

one of the two measures of time delay must be prioritised, waiting time is the

more important one, because passing time is easier to estimate in other ways.

7.5 Results

The results of these measurements describe the situation before the improvement

of the traffic situation at the intersection and will be compared with the situation

after a reconstruction. Even though it is the before-after comparison that is the

major interest a summary of the situation of cyclists at the intersection in the

before situation is valuable.
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The number of accidents that cyclists at this intersection are involved in is the

average for an intersection of this type, or higher, depending on whether the last

five years or the last eleven years are considered. After regression to the mean is

considered, using the computer program DOK2 (Briide and Larsson, 1992), there

are 4.2 police reported accidents with personal injury with cyclists involved in the

last 11 years and 1.6 for the last 5 years. Furthermore the expected number of

accidents is 3.4 for 11 years and 1.6 for 5 years. This may be compared with the

result "poor safety", more precisely just below 0.7, given by the method Degree of

Separation, which is the upper limit of the category "poor safety". This is difficult

to compare with accident data because there is no clear relationship between

Degree of Separation and accident data. Results from an after-study are needed for

a comparison and study of the change in traffic safety from the change in Degree

of Separation. The Conflict Technique resulted in not too many observations of

serious conflicts. Five serious conflicts were observed which corresponds to 0.28

police reported accidents per year (1.4 per 5 years and 3.1 per 11 years). The

amount of data available is too small to be able to say whether or not this agrees

with accident data.

The mean speed of free vehicles when they pass the pedestrian and cycle

crossings on Vistvigen, the primary road, is just below the speed limit, 50 km/h.

The vehicles on Vistvigen probably do not slow down for this intersection

because the vehicles on the other road have to stop. A speed of 50 km at an

intersection where cyclists and pedestrians pass is too high compared with the

goals set in "Lugna gatan", a guideline for traffic planning implementation of the

traffic safety policy of the Swedish National Road Administration, "Vision-0".

According to this the speed should not exceed 30 km/h at intersections used by

motor vehicles, pedestrians and cyclists.

The method for registration of cycle flow gave useful information. It is now

known not only that the cycle flow is large but also that the cycle crossing across

the secondary road has a much larger cycle flow than the others. Furthermore it

was found that most cyclists use the cycle crossings and use them about equally in

both directions. The larger cycle flow and the lower vehicle speed on the cycle

crossing on the secondary road before the stop sign might explain that more

accidents have not occurred there than on the other crossings.

It is good to have information on the size of vehicle flow because it influences

the traffic situation and the choice of design. For instance at this intersection the

flow is just a little larger than 8000 vehicles per 24 hours, which is a Dutch limit

over which the use of roundabouts where cyclists are mixed with vehicles on the

same circulation area is not recommended (Schoon & van Minnen, 1994).

The result of the measurement of Time Delay shows that the waiting time for

cyclists who have to stop is on average 8 to 9 seconds with a very large standard

deviation. This means that some of the cyclists have to wait a lot longer and some

can pass very soon. About 9% of the cyclists have to wait. The Passing Time was

about 4 s for crossing the secondary road and 7-8 s for the primary road.
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8 Conclusion

The different methods of evaluating traffic safety are suitable for different types

of studies. When a measure of traffic safety is needed for a before and after study,

similar to the one in this project, accident data do not give significant information.

Degree of Separation is a useful method that gives an idea of the traffic safety

situation but the relation to the number of accidents is uncertain. The Conflict

Technique is also a useful method for this purpose, although it is more time

consuming. The experience that an observer needs to be able to collect reliable

data is also uncertain.

The importance of the descriptive methods, speed and traffic flow, should not

be underestimated. The number of accidents and their severity depends on speed.

The traffic flow of different road users also has a great importance for traffic

safety. For a study like the application example in this report methods that give a

general idea of the level of vehicle speed, e.g. laser gun, are satisfactory. As

regards the flow and the paths chosen the method gave detailed information,

which is good to have for research purposes.

Time delay was the only quality studied in this project. It was divided into

waiting time, percentage of cyclists with waiting time, and passing time.
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Design of intersection.
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Appendix 2

Konfliktregistreringsprotokoll
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Appendix 3

Translation of the conflict registration form:

Konfliktregistreringsprotokoll =

Observator =

Datum =

Tid =

Stad =

Korsning =

Viaderlek =

Sol =

Mulet =

Regn =

Viagbana =

Torr =

Vat =

Tidsperiod =

Norrpil =

Primartrafikant =

Sekundiartrafikant =

Personbil =

Cykel =

Fotgiangare =

Ovrigt =

Kon (fotg) =

Alder (fotg) =

Hastighet =

Avst. till kollisionspunkten

TO virde

Avarjande manover

Inbromsning =

Vijning =

Acceleration =

Ja =

No =

Beskrivning ay situationen

Fortsittning pa nistra sida

Skiss av de inblandades lige =

Markera din position men =

Markera videokamerans position med =

Privatbil, lastbil, Buss =

Cykel, Motorcykel =

Fotgangare =
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Conflict registration form

Observer

Date

Time

City

Intersection

Weather

Sun

Grey

Rain

Road surface

Dry

Wet

Time period

North

Primary road user

Secondary road user

Car

Cyclist

pedestrian

others

Sex (ped.)

Age (ped.)

Speed

Dist. to collision point

TA value

Evasive action

Braking

Swerving

Accelerating

Yes

No

Description of the situation

Continued on next page

Sketch of the position of those involved

Mark your position with

Mark the position of the camera with

Car, lorry, Bus

Cycle, Motorcycle

Pedestrian



Appendix 4

Summary of conflicts

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

No |Date Time Cyclist d| TA Car d TA |C?

v [km/h] [m]] [s] v [km/h] [m]] [s]

1 17/8 8:34 10 3 1.1 18 8 1.6 no

3 17/8 12:33 10 7) 2.5 25 no

4 17/8 15:46 10 >8| >2.9 15 4 1.0 no

35 17/8 16:13 12 30 10 1.2 yes

8 17/8 16:55 12 30 13 1.56 no

9 18/8 12:47 10 20 10 1.6 no

10 18/8 15:30 13 20 5 0.9 yes

11 18/8 15:11 12 18 6 1.2 no

12 18/8 16:43 10 2) 0.7 20 no

13 19/8 15:26 12 7) 2.0 15 6 1.4 no

14 19/8 15.41 13 P43 7 1.3 yes

15 19/8 16:32 10 30 10 1.2 yes

16 20/8 8:08 15 4| 1.0 20 4 0.7 no

18 20/8 12:04 15 4 1.0 28 12 1.5 no

19 20/8 16:05 10 15 3 (0.7 yes

20 24/8 15:53 15 4 1.0 no

21 24/8 16:44 12 3| 0.9 20 6 1.1 no
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Appendix 5

Vantestudier for

Statid fore korsning=
Tiden fran det att cyklisten stannat vid stopplinje eller trottoarkant pga k6 eller hindrande trafik till dess att cyklisten kan kora igen.
Tid genom korsning=
Tiden fran det att cyklisten passerar trottoarkanten eller stopplinjen till det att han passerar trottoarkanten
eller nar dvergangsstallet pa andra sidan. Ev. statid vid refug raknas in. Skriv tiden under respektive rubrik.
Cyklister som ej anvander ytor dar fordon kor, t.ex. en cyklist som cyklar pa hoger sida och svanger hoger pa ge-vagen, noteras ej.
HV - Cyklisten korsar huvudvagen = Vistvagen
Anslutningsy - Cyklisten korsar anslutningsvagen = Alerydsvagen

- skriv ettg Om cyklisten kor rakt fram genom korsningen ( fyll i tiden undesvang genom om han svanger)g/o

svang genom
Skriv 6 om cykeloverfaren anvants
-Cyklisten svanger i korsningen och kor genom korsningen. Om den hade anvant cykeloverfarterna
hade den anvant 2 st. Aven om cyklisten kor over en dverfart och sedan fortsatter i korbanan skriv
under denna rubrik.

Klockslag Klockslag ska fyllas i for varje cyklist men behover inte ha storre noggrannhet an nagra minuter.

korsn SummaKlockslag Sta tid Tid

fore korsn Anslutn tid [min:s
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Appendix 6

Time Delay for cyclists

Waiting time before intersection=

Time measured from the instant the cyclist stops by stop line or kerb edge because of queue until he continues.

Passing time=

Time measured from the instant the cyclist passes the kerb edge or stop line until he passes the kerb edge or reaches the

pedestrian crossing on the other side. Waiting time by the refuge, if any, is included. Write the time in the appropriate column.

Cyclists who do not use areas where there are vehicles, for instance cyclists going on the right side and turning right shall not be

recorded.

MR

Connecting

tc

turning trough

Time

- Cyclists crossing the primary road = Vistvagen

- Cyclists crossing the connecting road = Alerydsviagen

- write t for a cyclist going through the intersection (fill in the time under turning through if he is turning)

Write c if the cycle crossing is used.

- The cyclist is turning at the intersection and going through it. If the cyclist had instead used the

crossings, 2 would have been used. Even if the cyclist starts on a cycle crossing and continues outside,

use this column.

Time shall be filled in for each cyclist but not necessarily with greater accuracy than some minutes. Use

just one row for each cyclist so that it is clear when one cyclist has passed two cycle crossings.
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Appendix 7

Comparison of Time Delay in the morning rush hour, between 7:30

and 8:30, and in general.

The data for the secondary and primary road only consider cyclists who used the

cycle crossings. All cyclists are considered for the other cases.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Road All day Morning

Total Number of cyclists 670 297

Total Cyclist with waiting time [%] 10 9

Total Waiting time [s] 8.7 8.9

Total S.D for waiting time [s] 6.3 6.4

Secondary Number of passages 559 247

Secondary Cyclist with waiting time [%] 3 4

Secondary Waiting time [s] 10.0 10.0

Secondary S.D for waiting time [s] 6.7 8.3

Primary Number of passages 193 83

Primary Cyclist with waiting time [% ] 24 20

Primary Waiting time [s] 7.0 8.3

Primary S.D for waiting time [s] 6.5 5.6

Intersection Total passing time [s] 6.4 6.2

Intersection S8.D. for total passing time [s] 5.4 5.0
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