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Abstract

Mainstream car following theories have assumed that each vehicle is influenced directly by the one in front and
vehicular headways have been studied as same-lane-based. These are true only when lane discipline is extremely
ideal and lane widths are large. Real traffic, however, poses a more complex picture. The paper, based on empirical
observations, attempted to explore the issue of two-dimensional headway analysis in detail for better realism in
traffic flow modelling. It was found that below a certain value of same-lane time headways, fewer numbers of
drivers were willing to keep short headways with respect to the neighbouring lane vehicles. This may mean that,
except light flow traffic where the offside lane is primarily used for overtaking, drivers prefer to pass or lag behind
the vehicle in the adjacent lane, rather than driving side by side. In addition to its safety concerns, especially in
relatively narrow lanes, this issue may have capacity implications. Hence, existing traffic flow models may require
further adjustments.
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1. Introduction

A time headway is defined as the time intervalleein successive vehicles (from a reference poithieofirst
vehicle to the same reference point of the secaficie) as they pass a point along the lane [listiy traffic
simulation models (microscopic models in particulare by in large lane-based models. They treattilang
(unidirectional) traffic flow lane by lane. Althohgnodels such as PTV’s VISSIM takes lateral frictinto account
such as the presence of bicycles or large vehithesyehicular headway relationships are all ssame-based. In
other words, the longitudinal location of each we#hiis governed by well-known car following theariéas a
function of the longitudinal position of the preaagl vehicle travelling in the same lane). The pnese of
neighbouring lane vehicles are not taken into actfar these position updates in modelling. Howeves believe
that drivers do not like driving side by side witther vehicles in the adjacent lanes for long mkiof times even in
moderate or heavy traffic. They either pass thackeMravelling in the neighbouring lane or lag ehit. There
may be two reasons for this behaviour: the phydatatal discomfort effect of the vehicle in thgaamnt lane as it
narrows down the effective width of the travel ador, and the psychological ‘shy’ effect of beirupked at by the
occupants of the neighbouring vehicle. Hence, imd@lling, an adjustment exercise should be consiiéoe the
calculation of the longitudinal positions of velgsiby taking this ‘pick up’ effect from the adjatésme vehicles.
The present paper surveys this issue. Here, we mlgduce the matter to show that there may beuei
appearances of time headways when these pick-aptgfire taken into account. The application asiingg of the
findings are subject to further work.
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2. Previousresearch

The existence of (non-physical) lateral frictiogtlween vehicles travelling in unidirectional maltie highways
attracted special interest in the past. May [2iodtced internal, marginal and medial friction be¢w vehicles.
Mahalel and Hakkert [3] found that the arrival eficles across the road (laterally) is not randdtall [4] studied
lateral throughput in addition to the conventioflahgitudinal) throughput. But not many researchetempted to
define those headways with particular referencéheéopresence of other vehicles in the vicinity,ujo Gunay and
Woodside [5] looked at time headways between vekitlavelling in the same direction but in neighioay lanes.
They used three sets of data, collected earlidstambul, Turkey; Karlsruhe, Germany, and Neweasfgon Tyne,
Britain, by means of video recording and manuallysis of video frames. They observed vehicularvats
spatially in that a certain section of the carrimge (15 m) was divided into two sectors on the cot@pscreen.
Each sector consisted of a number of sub-parts hwinies equal to the number of lanes of that pasicul
carriageway. Each sector was represented by axnatrich cell of which is set to either ‘1’ or ‘@epending on
whether the particular part was occupied by a Veldc not. Then the second sector was also repebéy another
matrix which is designed in the similar way dengtimhether a vehicle arrives on a particular parthefsector or
not. The readings were then recorded in the forra afatrix. These occupation and arrival matricassisted of
zeros and ones. Readings were taken three timesuienby stopping the tape at regular intervalsl hence each
row represents a separate reading. Rows were thgibdted over a number of groups, the number littvis the
all possible permutations of Sector 1. For examiplea there-lane carriageway, there are 7 diffepassibilities of
vehicle occupations in Sector 1. Table 1 showsp#reent analysis of the arrivals on a three-laiag iin Istanbul.

Table 1 — Observed lateral arrival patterns orreetiane highway, from [5]

Probability (%) that

Inside Middle Outside the next vehicle arrives on the Total

Lane Lane Lane Inside Middle Outside %

Lane Lane Lane

12.5 46.1 41.4 100

e 1 2.9 32.4 64.7 100
>5 1 21.6 9.8 68.6 100
53 1 30.5 54.2 15.3 100
§ g_ 1 1 0 33.3 66.7 100
O o 1 1 15.4 53.8 30.8 100
3 1 1 30.8 30.8 38.4 100

1 1 1 26.3 35.1 38.6 100

Without needing for significance tests, by visirsdpection of the table, it is possible to suggéstt the
probability of the next arrival on a lane that ieady occupied by a preceding vehicle is less tharprobability of
the next arrival on a non-occupied lane. This iegplihat lane by lane vehicular arrivals are noy wedependent.
The presence of other vehicles in the surroundiay aifect the (longitudinal) position of the veleich question.

As seen in Fig. 1, also, they [5] drew the disttibn of time headways between vehicles travelimthe same
lane (the curves) and between the vehicles tranggih adjacent lanes (the bars). In both English@arman cases,
the shape of the headway distribution (the curadsig. 1) for all lanes was in a typical headwastribution shape
reported in literature by others. However, it waa interaction between the neighbouring vehicles/éling in the
same direction but in different lanes) that atedattention.

Through empirical observations and simulation, &ufb], afterwards, modelled lane-based and noa-lan
based driving disciplines. He first showed thatiglgs travelling in a traffic lane position themsed laterally
according to a bell-shape distribution at bestworse in developing countries) which results irdat friction and
interaction, to a degree, between the vehiclesliiag in neighbouring lanes. He then incorporéttad into a safe
stopping-distance-based car following model, kn@srstaggered car following theory. Later, Garbek ldoel [7]
stated that narrow lanes make it difficult for twehicles to travel alongside each other. Basediroilas studies,
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The Highway Capacity Manual [8] established thrédhealues and relationships between lane widths and
throughput.
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Fig. 1. Distribution of time headways, Newcastl®@uyne and Karlsruhe, respectively, adapted ffom

3. Further data

The findings reported above, in Fig. 1 for examplere based on data collected by video recordargs
manual analyses which usually have a drawbackrofdiin data size. However, for a thorough micrgéc@nalysis
of traffic flow, a clear and defining scrutiny iseded. Having access to better resources and tegival facilities,
we therefore decided to collect additional data ifipre automated ways) to scrutinise the case waitel sample
sizes. These data were gathered at two sites on tAB5South East of Belfast, Northern Ireland (F2Yy. using
inductive loop surface detectors, shown in FigTi8e data contained around 43838 vehicles (at $isnd 42408
vehicles (at Site 2). Both sites were two straiggitions of dual carriageways. This data set wisoted by the
involvement of Roads Service (Northern IrelandYuty 2007 and the readings were passed to us @adsheet
data format.
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Fig. 3. The data collection sites (inductive lopd ¢he processing unit located in the median)
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Due to the big data size, rather than manual tigesons, we developed a piece of software toycaut the
analyses in a more efficient way. Not only it satiete, but also the chance of making human errothe analyses

was eliminated. Fig. 4 depicts a snapshot of trog@mm.
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Fig. 4. A screenshot of our data analysis tool GERRP
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4. Thefindings

First of all we analysed time headways (‘b’ in Figand ‘d’ in Fig. 6) between the neighbouring ictds
without taking the same lane leading vehicle’s pasiinto account. In other words, the relationshgiween ‘a’
and ‘b’ headways, and between ‘c’ and ‘d’ headwagse not considered. When these two figures arepaosal
with the English and German counterparts (FigtHg,findings did not show strong similarities espky for the <
0.5 second interval, although the bars for the Gesegory in Fig. 7 did not exceed 25% (unlikeeSi}. This showed
that further scrutiny is needed. It may be a gatsdito remind the reader here that the lower theeptages for the
first category (i.e., the <0.5 second interval)e tstronger the argument we put forward become, ighdhe
interaction between the neighbouring lanes, leatbirte need of adjustments in microscopic simoitathodels.
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However, when we examine the data in more detgth(the inclusion of the longitudinal position tie
leading vehicle travelling in the same lane as ftiilower), interesting results were discovered. Whhke gap
between the two same lane vehicles is small (i.€.80< 1.5 seconds), the number of vehicles (thagein the
faster lane) with short neighbouring headways .ef () < a < 1.5 seconds) are smaller than theinexval (i.e. 1.5
< a < 2.5 seconds) as shown in Fig. 7. This mdaatsihen there is a close following situation ia ghoulder lane,
the median lane vehicles preferred to stay (lonlgially) away from this vehicle pair. We interprbis as an
evidence for strong relationship (interaction) begw the two neighbouring lanes running in the sdineetion.
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The existing microscopic models currently lackarmmorating such interactions. This feature was tdsar in
Fig. 8 to 10, implying that more median lane (afésiane) vehicles adjust their position with respedhe situation
in the shoulder lane (inside lane) rather than vieesa (i.e. the shoulder lane vehicles adjustimgy fposition with
respect to the situation in the median lane).
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Finally, to be able to mimic an imaginary situatioshere two lanes are totally (physically) sepatatee
picked the inside lane of Site 1 and the outside laf Site two (as if there is a physical barrietween the two
unidirectional lanes), and compared the findingshensame diagram as shown in Fig. 11. The mdkirggrfinding
is the percentage levels, which remained below MgBereas the values reached 25-30% in Fig. 5 aqd6FiThis
difference highlights the fact that traffic (timeddways in particular) in two unidirectional lars®ws interactions
between them and should not be treated in isoldtioa lane by lane fashion, as is the case at thment in
modelling arena.
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5. Concluding remarks

Existing car following theories may not be apptileain many situations due to some of the assumgptibey
posses. For instance, each vehicle is expected toflaenced directly by the one in front, whichlyohappens in
traffic flow where lane discipline is extremely @leand the lanes are separated. In reality, howewmalyses
become more complex and further research is wartteraking. If there was no interaction betweenbbicles
travelling in different lanes, the headways betw#®n consecutive two neighbouring vehicles wouldehbeen
random. The only factor would have been the floveleNamely, with increasing flow, more vehicleswa have
been expected to keep shorter headways, resultingpie increase in the distribution with decreadinge
headways. However, below a certain value of timediays, fewer numbers of drivers were willing tefpehort
headways as opposed to the above expectation.nidsss that considerable amount of drivers prefetweldg
behind the vehicle in the adjacent lane, rathen théving side by side. The paper therefore is tenapt to mimic
multilane traffic flow for better microscopic motley. Further research can formulate this with thgport of
wavelet analogy for better interpretation of theutts and this is subject to our ongoing work. Guaad Erdemir
[9] have recently applied this technology on anasmed interpretation of traffic microsimulation afsample
network. But to analyse vehicular headways by medingavelet transformation will be the first of kind in the
field of traffic engineering.

Acknowledgement

We would like to thank Mr David Compston, Road \&&, Belfast, UK, for providing the additional dat
During the research stage of the paper, the cayngpg author was at the University of Ulster, Lifd the co-

author was at Istanbul Aydin University, Turkey.tBainiversities’ computing resources were faciithffor the
data analyses.

Rreferences
[1] Roess, R. P., Prassas, E. S., McShane, W.rRfficTEngineering, New Jersey, 2004.

[2] May, A. D., A friction concept of traffic flowProceedings, 30th Annual Meeting of the Highwaysdech
Board, National Academy of Sciences-National Rese@ouncil, Washington, D.C., pp. 493-510, 1959.

99



[3] Mahalel, D. and Hakkert, A. S., Traffic arrivaatterns on a cross section of a multilane highwagnsportation
Research, 17A, No. 4, 263-270, 1983.

[4] Hall, R. W., Longitudinal and lateral throughpaon an idealised highway. Transportation Sciei@2&g,No. 2,
118-127, 1995.

[5] Gunay, B. and Woodside, R. A., Discipline ofitgabased-driving: a simulation approach. Proceadmm 723,
The 10th World Conference on Transportation Resgadstanbul, 4-8 July, 2004.

[6] Gunay, B., Rationality of a non-lane-basedfoiowing model. ICE Journal of Transport, 162(2)-37, 2009.
[7] Garber, N. and Hoel, L., Traffic & Highways gneering - Sl Version, Nelson Engineering, 2009.

[8] Highway Capacity Manual, Transportation Reshdoard, Washington, 2010.

[9] Gunay B. and Erdemir, G., Using wavelet transfe for better interpretation of traffic simulatjomraffic
Engineering and Control 50(10) 450-453, 2009.

100



