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Analysis of the Driving Behaviour at Weaving Section Using
Multiple Traffic Surveillance Data

Andyka Kusuma, Ronghui Liu, Charisma Choudhury, Francis Montgomery

Institute for Transport Studies, 34-40University Roadds LS2 9JT, United Kingdom

Abstract

Weaving sections are formed when a merge area is closely followed by a diverging area, or when an entry slip
road is closely followed by an exit slip road and the two are joined by an auxiliary lane. Driving in the weaving
section involves complex car-following and lane-changing interactibims paper presents two empirical data
collection and data extraction processes based on traffic surveillance camera atetdotmy measurements. It
examines the quality of the extracted data, and highlights the |@ossiinrces of measurement errors
considering that the speed and acceleration are varied significantly pdjms proposes locally weighted
regression method for data cleaning and presents example resultsotosttate the method by combining the
two data sources. The study succeeds in identifying somerkygdcharacteristics of vehicles in the weaving
section. We found that 30% of the weaving movements took platieeifirst 50 meters from the point of
merge. Around 30% of the total traffic involved in one lane-changiagement. Meanwhile, the transit time
for the driver with more than one lane-changing is 4.09 seedrage. The appearance of auxiliary lane in the
weaving section provides further opportunity to delay the lanagihg, which affects the traffic performance.
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1. Introduction

Driving behaviouy which describes the drivers’ intentions behind the maneuvers from the current position
towards a target position, significantly affects the traffic performanbesé effects are more pronounced in
multilane facilities where each driver has a preference to maintain his/nentdane or shift to the target lane
(Bonsall et al., 2005).

Driving movements are typically motivated by expectations of ooedngains or advantages from the
ambient traffic i.e. increasing speed, avoiding delay, and overtakirigatiesehicle. Moreover, the movement
can be mandatory in order to comply with a traffic regulation, avoiginipcident in the current lane, or to take
an exit or make a turn to follow the path-plan (Laval and Daganzo, .2006)

Weaving is defined as the crossing of two or more traffic streaawsliing in the same direction along a
significant length of the highway without the aid of traffic contteVices. Eventually, in a motorway weaving
section, the lane-changing appears in high number especially cloger émd of the merging and diverging
points where the drivers expect to merge or diverge from the maiic.tfefius, the lane-changing drivers have
to critically observe and evaluate the traffic condition both in the current anththet lane. They pursue
continuously for a safest condition to precede the lane-changing movéimemhovement in motorway section
is critical since the distance between the merging and diverging area are reldtorel{2<000-3,000 metres
according to the Design Manual for Roads and Bridges (DMRB) (2006)).

This paper analyses the characteristics of driving behaviour in a motersesng section two sources of
traffic surveillance data: an extraction from a direct video recording and tmagdment Incident Data
Analysis (MIDAS) loop detector data. Individual vehicles trajectories are extracted drdbmin video
recording, using the Semi-Automatic Video Analysis (SAVA) softwareher, 2003). MIDAS provides traffic
flow, speed and headway data (averaged over 1 minute) frontl&teptors. The observation is taken at the M1



motorway network between Junctions 41 and 43, which islresats, United Kingdom.
2. Background

Vehicle interactions, in terms of their car-following and lane-changing\wietr, have a significant impact
on motorway traffic performance. These interactions are contributingffic thow breakdownand capacity
drop in the main carriageway and the entry slip road (Cassidy &jaRakanoknad, 2005; Wang, Liu, &
Montgomery, 2005a, 2005bThe traffic interaction on a motorway weaving section is even morgleam
because the lane-changing and weaving interactiameto occur at a relative short distance between an entry
and exit split roads

Number of factors affects the driving behaviours; road geometric, availablangl traffic condition both in
the current and the target lane. Those factors are significant input fimidieescopic modelling. Moreover, in
this regards, the drivers may seek for a condition which gives thenhighest utility. Depending on the
particular situation, a driver has his/her own preference to evaluateseia @ither to stay in the current lane
or make a lane-change to left/right (Ahmed, Ben-Akiva, Koutsopp@élddishalani, 1996; Choudurry, 2007;
Toledo, Choudhury, & Ben-Akiva, 2005)

Therefore, to capture the driving behaviour in weaving sections iroseigpic level, this paper proposes the
traffic surveillance camera and the loop detector data as the main source. Tdfettzémraffic surveillance
technique is to trace the vehicle location and the traffic condition around the exbsehicle at the specific
time (t) sec. Combining the traffic surveillance camera and loop detiat sources thus allows us to use the
strengths of both data sets.

Traffic surveillance is a method in capturing the driving behaviour abliservation location. The video
data provides observed driving behaviour in high level of details (A&dar2011; Choudhury & Ben-Akiva,
2008; Koutsopoulos & Farah, 2012; Kusuma & Koutsopoulos, 20a&ledo et al., 2005). In fact, the video
observation produces number measurement error due to imagiogsgirgg and obstruction. Therefore, the
locally regression method is introduced to increase the data accuracy levad,(Borzacchiello, & Ciuffo,
2011; Toledo, Koutsopoulos, & Ahmed, 2007). More details of the jocafiression will be discussed in the
sectionError! Reference sour ce not found..

In the UK, the Highways authority records and stores the loop detelettarsnto a system which is known
as MIDAS. It records and stores the loop detectors data at the specific lokkat@ords the basic traffic data
such as traffic volume, time speed, level of occupancy, and heddmwegch lane. MIDAS data has been used
in a wide range in order to capture the traffic characteristic and driving bahawioa specific motorway
network

Wang (2006) used both the traffic surveillance and MIDAS data to investigatdriving behaviour in the
merging motorway section. The video observation gtbthat most of the lane-changing occurs at the first
available gap. In the other words, the lane-changing occurs at the upsta&anwhere the main traffic and
entry-slip road traffic meet at the end of the taper marking. The lefdtte @uxiliary lanes in merging area
length affects the merging behaviour. In fact, a longer auxiliary lane leatithehanging drivers to become
conservative in order to seek for larger gap rather than accept thgafirsThe average speed between the
lanes, where most of the lane changing occurs, is relatively similar.

Al-Jameel (2011) observed the effect of lane-changing in a motavreaving section. To do so, the study
applied a simulation the traffic surveillance and MIDAS loop detectoholived that the average speed of the
lane-changing drivers, when it starts the lane-changing moveimdatyer compare to the lead vehicle at the
target lane. Then, the lane-changing vehicle speed increased slightly thérilane-changing. This study found
that the lane-changing drivers prefeptecede the lane-changing at the end of the taper at the merging area.

The current research extends the usage of traffic surveillance method and NiDx&pture the lane-
changing characteristics at the weaving section. This research proposeffitheutreeillance camera to extract
the vehicle trajectory and the movement characteristic of each vehicle (i.e.ratémelelane-changing
location). The study realise that the video observation there is a significaminettte video extraction process.
Moreover, the error is clearly represented in speed and acceleration anéhgsistudy adopts the locally
weighted regression method to relax the error which this approach h&eemtused in the two previous
researchs

MIDAS provides the ambient traffic condition at the observation location at macrodeegiclt provides



the base line dataset for the validation process. In fact, this paper validatéseéheed speed of the traffic
surveillance extraction result with MIDAS. More details regarding the data extractiovahdaltion process
will be discussed in the next section.

3. Methodology
3.1. Traffic video recording

This research applies the SAVA software to extract the driving behavidwaednicle trajectory data from
the traffic surveillance camera. All the extraction process in SAVA hasdore semi-manually. The software
provides only playbacks interface and several measurement featareassthe virtual measurement line for
recording the passage time, transport mode and distance measurementplidatiomprecords the traffic
movement for every 40 millisecond. Each record of the traffic mevi contains the transport mode and the
passage time at the specific location. It classifies the transport mode into th&@&Purpose Vehicle
(MPV), Van, Light Goods Vehicle (LGVHeavy Goods Vehicle (H@), and Bus.

It, firstly, is important to validate the pixel in the video footage vetispecific object in the observed
location. The validation stage is critical where the measurement error mustibgsetn A good aerial map
helps to increase the level of accuracy in distance measurement. The rmpasatement features has been
used in this regard. It also gives flexibility for the user to pointark at the interested point. Once the
calibration process is completed, the next phase is to draw the virtualohndge specific locations. This
research records and stores the position of each vehicle at every 1sec interval

Using the vehicle trajectory information, we calculate the speed and accelaefatach vehicle at the
time(t). The speed and the acceleration can be written;

d(t)-d(t - At)
0= --a0 @
and,
aft) = V) - V(t=A) @)

where;v(t) is the vehicle speed at the observation time (m/sec or knfth}; At) is the vehicle speed at the
previous observation time (m/sec or kmihjt) is the vehicle location at the observation time (@}, — At) is
the vehicle location at the previous observation time {ft)) is thevehicle acceleration at the observation time
(m/sed), (t) is the observation time (sec) afid— At) is the previous observation time (sec) . Theis
presumed as 1 sec.

In many cases, the speed and the acceleration of each vehicle variregithemobservation time due to the
traffic surveillance extraction error. This research, therefore, applies the loegilyssion method to fit the
observed location.

3.2. Locally weighted regression

The locally weighted regressida common method to increase the observed vehicle trajectory level of
fitness with global polynomial curve. In this paper, this method is appiedmooth the vehicle time-
continuous trajectory from the observed vehicle locations. Moreover.tingonos to estimate the speed and the
acceleration profile for the observed vehicles at the specifidtime

Toledo et al. (2007) introduced the local regression method in smgdti@ vehicle trajectory. This method
consists of two phases which are (1) fitting the time-continuous timajeftinction and (2) deriving the speed
and acceleration estimation based on the fitted location. Assuming that the vehécimtyajs a function of
time(t);

d(t) = f(t,B) + £(0) ®3)

where;f (¢, 8) is the fitted location of the observed vehicle at the {imey the local regressiop, the vector
parameters of the estimated curve, aftda normally distributed error term.

The estimated functiofi(t, 8) is based on the weighted least-square estimation with the N observation of
each vehicle in the window around tirft§. The observed weighted values are calculated based on the time



difference between the observation and the estimate fitted time. Moreovdncéheregression objective
function is to minimise the deviation between the observed vehicle trajeastdrthe global polynomial curve.
The equation is written as;

min[D— £ t, A)W[D - f(t.5)] )

where;D is a column vector of the N position observations used to estimate a trajecictign, f (t, 5) is the
fitted values vector, ani is[NxN] matrix with elements corresponding to weight of observatioad far local
regression.

In terms of statistic, the difference between the observed and the fittedocan be evaluated by the
Mean Absolute Error (MAE) andd®t-Mean-Squared Error (RMSE) as follows:

(5)

and,

(6)

where;d; is the observed vehicle locatiod, is the estimated vehicle locatiah]/ is the number of observation
for each vehicle.

3.3. MIDAS

MIDAS system records traffic volume, spot speed, level of occupandyhe@adway for each lane from all
loop detectors in the UK motorway network, which can be accespednnmidas-data.org.ykin fact, each
loop detectors has unique ID (xxxxy) which is identical with geographsitipo (xxxx) and the observed
carriageway (y). The Highways Agency in England classifies the losatbthe loop detectors based on the
traffic approacks(northbound and southbound) and the location (main, entry slgpand exit slip road). The
letter A, J and K represent the loop detector at the main, entry and exit sligtrd@a northbound traffic.
Meanwhile, the letter B, L, and M, which observe the main, entry and exit alibrespectively, are located at
the southbound traffic.

A moving mean method in this paper is proposed to capturedapagmation of the traffic flow and the speed
characteristic at the observed weaving section. This approach is ussdribelthe nature of the dataset which
has series of average of different data subset. Meanwhile, this application espeetsto reduce the noise in
the data set. The method can be written as;

+ + +...F
EMMI — XI Xl—l XI—2 )Q—L
L
where; emv, is Estimated Moving Mea, is the subset data 1R; is value of the subset |, aiids the length

@)

of moving average interval.
4. Observation

4.1. Site description

The study site covers two weaving sections located between Junctions4Blandthe M1 motorway in
England. The sitdas to be located in a straight road section in order to capture clearly fie ledfaviour,
especially the lane-changing behaviour. Moreover, there are fewer obsiablesite such as, road works, road
geometric, and clear sight distance for the traffic video recording.

The section is a major link road between two urban towns WakefieldLaads. Hence the traffic
characteristic in this section is mixture traffic between long distande@mmuting traffic. Moreover, J42 is
an interchange that between M1 and the M62 motorway, whilst J43 (Warttip links the M1 and M621
motorway.

In terms of road geometry, the J41-J42 section is three lanksaitiageway with two lanes both in the exit


http://www.midas-data.org.uk/

and entry slip roads. Moreover, there is ramp metering operated in theslgnigad at J41. Further North, the
J42-J43 section is a five lanes dual carriageway (three lanefiwttugh traffic and two auxiliary lanes) with
two lanes in entry slip road and three lanes in the exit slip Additionally, the length of those two sections is
1,250 m and 1,265 m considering that DMRI®6) definition for weaving sections, which specifies that the
length of weaving section is normally between 2,000 m to 3r@00hat is to say, those two sections are
departures from the DMRB standard.

Furthermore, to manage the traffic, the Highways Agency has installed &nafribop detectors between
J41-J43. The loop detector captures the traffic characteristic at the observezh.lddare details of the
observation location can be seeillustrating the J41-J42 road alignment together with the locations of
loop detectors and traffic video recording.
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Fig. 1 The Observation Area (unit:metres)

iIIustrates the locations and the ID of the MIDAS detectors, the location of thbéridge from where
the video recording took place. The three lanes on the main carriagesvenarked as lanes number 1, 2 and 3,
whilst the two auxiliary lanes between J 42 and J43 are marked #ukJAux 2 respectively. The distance
between the over bridge and the start of the entry from JB20is1. Point M marks the entry from J42, and N
320m from the entry. The video data extractions were carried out vehiclellingaietween M and N.

4.2. Data collection

The video recording was taken on Wednesday, &y 2013 during the afternoon peak period between
16:30-18.30. The study focuses only on the evening peatkier to capture the lane-changing when the vehicle
moves in relatively at a free-flow condition. Due to the site and recostiogppment tools, the study focuses
only on the first 320 m of the weaving section between J82M4dreover, the camera recorded the traffic from
the Over bridge which is located arous2D m from the merging location.

The MIDAS loop detectors data were collected during the video observation pEnediata is useful as
validate instrument during the video extraction process. There are 15dtayods located around the study
site (sedFig. 1), meanwhile the loop detector 5017A is located inside the observation area

5. Results

The MIDAS data shows that the total traffic flow reaches the peak between 1I848-with the highest
flows of 4982 vehicles/hour detected from detector 4990 A betweler J42, and 5833 vehicles/hour from
detector 5017A between J42-J43. The data includes all existing lanes atettiimes where there are 3 lanes in
J41-J42 and 5 lanes (3 main traffic lanes and 2 auxiliary lanes) in J42-J43

As it is mentioned in the sectiderror! Reference source not found., the lane-changing shall affect the
traffic performance both in the main traffic and slip-road. This paperotxpo capture the lane-changing affect
at the main traffic at the observation site. We, therefore, propose the EjiMt{&h
and present it in a traffic flow and the speed propagation map, whidkecseen 2

[Fig. 2| shows the total traffic flow and averaged speed for every lgesiad. Moreover, it illustrates that
around 60% of the traffic at J41-J42 moves continuously to4held3, while the rest traffic exits to the M62
network.

Due to the lane-changing behaviour around the merging and divergiagthe speed propagation infthe Fig.
indicates that there is a delay in the weaving section (J41-J4242ni#3). The average speed at the
observation sites is around 80-90 km/h at the J41-J42 (498898A), and 90-100 km/h at J41-J42 (5011A-
5028A). Meanwhile, the average speed between the exit and the emBiatincreased, into around 120 km/h
which is the speed limit in the UK.

The speed propagation illustrates that the existing of the auxiliary lang2a143 weaving section is




expected to reduce the delay. Moreover, it provides more opportunityefairitter to maintain their lane and
proceed lane-changing later on downstream rather than forces thénéamggag at the beginning of the merging
area.
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Fig. 2 Traffic flow and speed propagation at themianes traffic of the observation site
5.1. Traffic surveillance data

This process is only for the highest five minutes traffic betweerbi¥7120 considering that it is a massive
undertaking to extract individual vehicle trajectories using a semi-atitomrocedureDuring ths 5 minutes
period, the video surveillance found 408 vehicles passing the observaibetiveen J42-J43. In fact, the
5017A loop detector records 471 vehicles passing this area doeirsgne time interval. That is to say, around
14% of the vehicle is missing due to the measurement error.

This study identified several issues, which may produce error girtréfffic surveillance method. In fact,
video resolution, video time step and obstruction from the leading vehicke theaproblem in the extraction
process.

Due to those affecting factors, ettanalysis of the vehicle trajectory data shows that the speed and
acceleration are varied significantly for each vehicle during the obserysitod. An application of locally
weighted regression is adopted in this paper to globally fit the vehiclettngjdmom the traffic surveillance
method Equation. (2). It smooth and reduces the variation
of the speed and acceleration. Moreover, the MAE and the RMSE are propospresent the fitness level of
the traffic surveillance vehicle trajectory (observed data) with the trajectociidn result (estimated data).
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[Fig. Jillustrates the MAE and RMSE of the traffic surveillance data. The dasistaf the 408 vehicles.
Most of the data showed that the MAE (which represents the variaribe e§timator) is around 0.059, while
RMSE is 0.782. Both of the analysis indicates that the trafficedllance video data is relatively near the
estimated value.

Table 1 MIDAS vs traffic surveillance video recordiagerage speed between 17:15-17:20 (units: km/h)

MIDAS Observation
Lane
mean s.d mean s.d

Sample Size 471 408

Overall 109.12 3.68 104.66 14.77
Auxiliary Lane 1 95.20 4.27 92.41 8.62
Auxiliary Lane 2 103.60 2.07 104.08 10.10
Lane 1 100.20 5.89 97.57 10.66
Lane 2 116.60 2.79 111.89 8.17
Lane 3 130.00 4.64 125.92 8.60

Furthermore, we validated the average speed of the fitted observation result t& Mierage speed which is
seen in__Table1|The analysis is aggregated for the whole 5 minutes and it classifies basadholanes. It
shows that the difference between the fitted traffic surveillance data and MIDAstgisificant around 3%-5%.

5.2. Acceleration

Extending the fitted vehicle trajectory data, this paper observes the accelerdtibwtiia during the 5
minutes period. There are 4238 events of acceleration which divides iteteration(> 0 m/sec?) and
deceleration £ 0 m/sec? ). Additionally, there are 1908 events for the acceleration and 2378 evertte for
acceleration.
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Fig. 4 Fitted acceleration distribution at the weavsection



illustrates the density distribution of the fitted acceleration and deceletatian. be seen that most of
the fitted deceleration occurs between (0, -0.5] mi/ske density 0.32. Then, the fitted accelerations are
between (0, 0.5] m/séevith a probability between 0.27. Both of the histogram distrilmstiare skewed to zero
value which fits with the log-normal distribution. This acceleration distribuopresented in the previous
research findings (Koutsopoulos and Farah, 2012, and Toledo 20@9) is significant for the modelling
section later on in this study.

5.3. Lane-changing characteristic

The traffic _ surveillance
identifies around ~ NO.OfLanes- __Type of Lane-Changing 148 vehicles
(36.27% of total Changed Direct Staggered data)  which
\20- , 0 260 (63.72%) h
involve in the 1 119 (29.16%) } (0.00%) lane-changing
movement. We 2 14 (3.43%) 13 (3.19%) characterise the
lane-changing 3 1 (0.23%) 1 (0.23%) based on the
number of lane- Total 408(100%) changing moves

and the type of lane-changing. From the observation, we defioetypes of lane changing: a direct and
staggered lane-changing.

A direct lane-changing is a lane-changing situation where a vehiclesrdoeetly from the origin-lane to its
target lane (which is adjacent to the origin lane). A staggered lane-chategngbes a situation where a
vehicle moves to transit lane(s) in between its origin lane and its targeT larss.the staggered lane-changing
appears when the vehicles change the lane more than one-lane befurgrigatarget lane.

Furthermore, this paper defines a lane-changing prerequisite bases tometinterval between each lane-
changing movement; (i) the direct lane-changing; if the time intervaldeetthe consecutive lane-changing is
< 1 sec, (ii) the staggered lane-changing; if the time interval betweenrtbecotive lane-changing is > 1 sec.

Table 2 shows the number and the proportion of the lane-charfgamgghe total traffic by lane-changing
types observed over the first 320m of the weaving section.

Table 2 Number of lane changing by types

We can see that 29.16% of the observed lane-changings are direct@we anly one lane. For those lane-
changings involving more than one lane, the data shows thatoperfions of the direct and the staggered lane-
changing are similar, at lower than 10%. Moreover, the time interval betwelmé&iehanging varies between
[0.4-10.28] sec with a mean value 4.09 sec.

Density
L

T T T T T T T
5} 50 100 150 200 250 300

Distance (unitmetres)
Fig. 5 Lane-changing location
illustrates the proportion of the lane-changing locationértie observation area. It finds that around

30% of lane changing occurs in the first 50 metres. Meanwhile, the secoachpleflane-changing locations
are 50-100 metres and 150-200 metres. The data shows that they areaiméher@portion, which is around



18%. Al-Jameel (2011) found that the lane-changing occurs in thte7fir metres and suggest enforcing the
driver to delay the lane-changing towards the approximately 150 mretneshe beginning weaving section.

6. Summary and Future Research

This paper discovers several issues that affect the traffic and driving tehiatacsuch as, traffic flow, the
road geometric, acceleration and lane-changing location. The existence of waiaileain the weaving section
gives opportunity for the planned lane-changing driver to reiatead of force to change their lane at the
beginning of merging area. It is seef in Fip. 1, the speed at J48-shthtly higher compare to the J41-J42.

Based on the fitted vehicle trajectory, 29.16% of the traffic precede oneHangitg and prefer to change
the lane at the first 50 meter. A vehicle with more than one lane-chargginghange the lane into the target
lane either directly or staggered. The averaged transit time between thedagéigh is around 4.09 sec.

Identifying a traffic characteristic in microscopic level is a massive work whileawe to track and record
each observed vehicle. The traffic surveillance recording quality, site condiiayback time step and
obstruction from the lead vehicle(s) affect significantly the data extractomegs. The application of the local
regression expects to reduce the measurement error and succestio thmarajectory of the observed
vehicles.

Most of the vehicle prefers to accelerate between 0 - 0.5 néset decelerate -0.5 - 0 m/&edhe
distribution is skewed to zero values and it found to foldag-normal distribution.

The results from the empirical observations and data processing wilitiisig the lane-changing and car-
following behaviour of traffic at motorway weaving sections, and withrm the development of better traffic
models. Future research will involve this result in structuring thdotlamwing model and the lane-changing
model
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