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Motorway bottlenecks are commonly occurring in developed countries with
increased commercial activities. As opposed to the traffic jam, the source of the
bottleneck is often a result of a specific traffic situation like traffic accidents,
sudden breaks, or bad road design. They could be described as a sudden capacity
drop that creates congestion on the part of the motorway that propagates in
the downstream flow. More formally, free flow (normal traffic flow) could be
described with equation qin ≈ qout, where qin represents upstream flow and
qout represents downstream traffic flow on the observed part of the motorway.
The bottleneck manifested through the decrease of the downstream traffic flow
due to the congestion. There are two types of bottlenecks: recurrent and non-
recurrent. The recurrent bottlenecks are caused due to the influence of daily
commuters and transit traffic. At the same time, non-recurrent are often the
result of traffic anomalies like traffic accidents or some unexpected events [1].

This paper aims to present a method for motorway bottleneck detection
by computing the probability of bottleneck occurrence using Speed Transition
Matrices (STMs). The method is divided into three parts: (i) preprocessing
of synthetic Global Navigation Satellite System (GNSS) dataset extracted from
simulation, (ii) STM computation, and (iii) bottleneck probability estimation.
The first step includes preprocessing the raw GNSS data to extract the routes of
every vehicle, dividing the route into the transition between motorway segments,
and computation of the mean harmonic speeds for every vehicle on motorway
segments. The second step includes STM computation by counting the speed
transitions and presenting them by speed transition probability distributions,
explained in the next paragraph. The third step incorporates STMs and the
Center of Mass (CoM) computation as an input to the fuzzy-based system for
the bottleneck probability estimation. The contributions of this paper can be
summarized as: (i) proposed method for the motorway bottleneck detection us-
ing the STMs, (ii) evaluation of the method on synthetic dataset under different
traffic scenarios.

As a traffic data modeling method, the STM is proposed [2]. The STM cap-
tures the vehicle’s speed at the movement between two consecutive motorway
segments called transition. It is used to represent the speed probability change,
and therefore it represents the speed probability distribution at one transition in
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one time interval. Captured speed is relative to the speed limit on the motorway
road segments that are observed. In this paper, 5% is chosen as the discretiza-
tion period, and 100% is the maximal possible relative harmonic speed, which
resulted in matrix dimensions of 20×20. Therefore, every row represents the
speed change on the origin edge ei of 5%, and every column represents the
speed change on the destination edge ej of 5%. The value in the cells of the
STM pmn represent the probability of the relative speed change between speed
value from m to n.

There are five examples of the characteristic STMs on the motorway: (i) ve-
hicles on the observed transitions had, both origin and destination speeds, close
to the 100% of the speed limit, where traffic state can be defined as the free-flow,
(ii) more unstable traffic state because vehicles are traveling with speeds close
to 60% of the speed limit, (iii) beginning of the bottleneck is characterized with
the transitions from high speed values to low values, (iv) end of the bottleneck
where vehicles are transitioning from congested traffic flow to free-flow, and (v)
congested traffic state is characterized by very low speeds on both origin and
destination segments of one transition.

To extract the most probable transition, the CoM for each computed STM is
computed. The method was adopted from [2], which relies on the computation
of the expected speed values. When the CoM is computed, some features were
selected for quantification of the bottleneck probability. Two features were
extracted from the computed CoM: (i) distance from the origin of the STM
labeled as dS and (ii) distance from the diagonal of the STM labeled as dD.
The first feature, dS , is important for estimation of the traffic state on the
observed transition. If the CoM is closer to the origin of the STM, it represents
traffic with low speeds on both origin and destination segments, and as dS
grows, origin and destination speed grows, which leads to free-flow conditions.
On the other hand, larger dD values will show sudden breaks area and intense
acceleration area of the STM.

As features dS and dD can be represented as linguistic variables, the Fuzzy
Inference System (FIS) is used to detect the probability of the bottleneck occur-
rence [3]. In its initial form, FIS consists of two input variables dD and dS with
corresponding output pb that represents bottleneck probability. All variables
are represented with range [0, 1], relative to their maximal values. The maximal
value of the dS is is the length of the STM diagonal that can be computed as
20
√
2, while the maximal value of dD can be computed as dS/2.
The proposed bottleneck probability estimation method was evaluated on

the synthetic dataset extracted from the Simulation of Urban MObility (SUMO)
traffic simulation framework. The method was evaluated on four different pos-
sible motorway congestion scenarios that originate from different congestion
sources: traffic accident, short recurrent congestion from on-ramp flow, long re-
current congestion from on-ramp flow, and moving bottleneck originated from
slow, heavy-duty vehicles on the motorway. The method was evaluated and
compared to the measured speed values, with the initial results indicating the
usability of the method in every proposed scenario.

Future work will include validation of the results by comparing baseline
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results of the three most crucial traffic parameters: speed, density, and traffic
flow. An interesting future research direction would include the usage of a
convolutional neural network for automatic extraction of the STM features, as
they can be used as traffic images.
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Congestion Index Estimation Based on Speed Probability Distributions,” Trans-
port Research Procedia, vol. 55, pp. 1389-1397, Jan 2021.

3


