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Abstract 4 

The geometric design of a roundabout follows an iterative process that aims at achieving an 5 

optimal balance between safety provisions, operational performance, and large vehicle 6 

accommodation. Evaluation of safety involves checking speed consistency along the vehicle paths, 7 

which requires identifying the trajectories of the fastest vehicles and the speeds at which they travel. A 8 

systematic procedure to identify the fastest vehicle paths for all possible movement types between the 9 

approaches of a roundabout by using as input data the roundabout geometry and the minimum distance 10 

between the vehicle and the roundabout edge is proposed. The determination of the fastest path 11 

between an entry and an exit is based on the generation of multiple feasible paths and the final 12 

selection of the fastest one. The proposed procedure supports the safety assessment of a roundabout 13 

geometric design according to most relevant international guidelines and can be easily implemented in 14 

a heuristic roundabout design procedure. The application of the method to a trial case is presented to 15 

demonstrate its performance and applicability. 16 

CE Database subject headings: Highway design; roundabout; fastest path; speed consistency 17 

18 

CORRESPONDING AUTHOR: Rafael Jurado-Piña 19 

1 Ph.D., Universidad Politécnica de Madrid, Profesor Aranguren s/n. 28040 Madrid. Spain. 
jl.rubio@alumnos.upm.es. 

2 Associate Professor, Universidad Politécnica de Madrid, Profesor Aranguren s/n. 28040 
Madrid. Spain. rafael.jurado@upm.es. 

3 Associate Professor, Universidad Politécnica de Madrid, Profesor Aranguren s/n. 28040 
Madrid. Spain. jmpardillo@caminos.upm.es. 

  Rubio-Martín, J. L., Jurado-Piña, R., & Pardillo-Mayora, J. M. (2019). Automated 
Identification of Fastest Vehicle Paths at Roundabouts. Journal of Transportation 
Engineering, Part A, 145(9). https://doi.org/10.1061/JTEPBS.0000259



 

 
2

INTRODUCTION 20 

 A roundabout is an intersection in which an annular roadway connects the approach legs and 21 

traffic entering the roundabout must yield to traffic in the roundabout. The design of a roundabout 22 

aims at achieving a good balance between safety, operational performance, and large vehicle 23 

accommodation. The design is usually developed in two stages taking as starting data the surrounding 24 

conditions, the largest vehicle that is expected to travel through the roundabout, and the capacity 25 

requirements to serve the traffic demand at each roundabout entry.   26 

At the first stage, the designer selects the type of roundabout between single-lane and multilane 27 

and estimates its size. Single-lane roundabouts have a single lane entry at all the legs and one 28 

circulatory lane, while multi-lane roundabouts have at least one entry with several lanes. In this case 29 

circulatory roadways have to accommodate more than one vehicle traveling side by side. The size of a 30 

roundabout is characterized by its inscribed circle diameter. 31 

The second stage is an iterative process which begins with the definition of a trial geometric 32 

design of the roundabout using a set of suitable values for the key geometric elements following the 33 

recommendations of the applicable guidelines. The trial design must be subsequently checked to 34 

confirm that it meets the overall design objectives. Design engineers commonly perform these checks 35 

using computer aided design (CAD) tools. Because minor adjustment in geometry can result in 36 

significant changes in the safety and/or operational performance, several iterations are usually required 37 

until a satisfactory design is achieved. 38 

 Traffic safety at roundabouts depends largely on the speeds at which drivers approach to the 39 

entries and on the speeds at which they pass through the roundabout. Risk increases not only with 40 

speed, but also when a driver needs to reduce his speed abruptly. As a consequence, the safety check 41 

involves the analysis of the speeds at the roundabout and its approach legs and of their gradients. At 42 

rural roundabouts, high approach speeds are usually present, so good approach visibility of the central 43 

island and the general shape of the roundabout is desired to make drivers aware of its presence and 44 

provide ample distance to decelerate comfortably. At urban environments the presence of pedestrian 45 
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and bicyclist is frequent, and lower speeds are usually desired, in addition to providing adequate 46 

facilities for them. In the design of a roundabout, the circulating speed can be controlled by adopting a 47 

geometry that constrains the vehicles to travel along a curved path. A greater curvature of a vehicle 48 

path results in the reduction of speed, which consequently improves safety provided that the approach 49 

speed has been previously reduced. Nevertheless, it may deteriorate traffic operation and capacity.  50 

The search for a design with safe circulating speeds involves making iterative modifications of 51 

the roundabout geometry, determining the trajectories of the fastest vehicles and the speed at which 52 

they travel, and, finally, evaluating safety conditions. For this purpose, the fastest paths for all 53 

approaches of the roundabout need to be identified. For each specific entry and exit, the fastest path 54 

can be defined as the smoothest, flattest path possible for a single vehicle traversing through the entry, 55 

around the central island, and out the exit in the absence of other traffic and ignoring all lane markings 56 

(Rodegerdts et al. 2010).  57 

For determining the fastest paths, various procedures to draw the potential trajectories either 58 

manually or with the assistance of CAD programs have been proposed (Rodegerdts et al. 2010). In any 59 

case, the construction of the fastest paths is often a subjective process requiring a certain amount of 60 

personal judgment. To solve this, alternative methods to identify the fastest paths in a systematic way 61 

with the assistance of automated algorithms have been developed. However, thus far none of them has 62 

solved the problem completely for all the possible types of movements. To address this gap, this 63 

article introduces a new method that uses the roundabout geometry and the minimum distance between 64 

the vehicle and the roundabout edge as input data. This method can be easily implemented in a 65 

heuristic roundabout design procedure (Rubio-Martín et al. 2014) where the paths are computed using 66 

the methodology described in the present article. The application of the method to a study case is 67 

presented to demonstrate its potential to support the design evaluation process.  68 

BACKGROUND 69 
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In practice, the geometric design of a roundabout is performed as an iterative process that aims 70 

at achieving an optimal balance between large vehicle accommodation, operational performance, and 71 

safety provisions. Each design trial must be checked for the three conditions. 72 

To ensure large vehicles accommodation it is checked that the geometry allows the turning 73 

maneuvers of the design vehicle. This type of check can be performed using appropriate vehicle 74 

turning templates (AASHTO 2011) or a CAD-based vehicle turning path program to determine the 75 

vehicle’s swept path (Godavarthy et al. 2016). To avoid a too wide circulating roadway, a truck apron 76 

may be used to provide additional traversable area around the central island. 77 

Operational performance is evaluated at each entry in terms of queues and delays depending on 78 

entry capacity and approach volumes. Entry capacity depends on several factors related to the 79 

geometric layout of the roundabout, the environment in which it is located (rural or urban), and the 80 

distribution of the traffic flows inside the roundabout. The geometric layout allows the designer to 81 

control the capacity (Yap et al. 2015). To estimate roundabout capacity different models have been 82 

developed in several countries based either on empirical approaches (that yield direct geometric 83 

relationships to capacity) or gap-acceptance approaches (which consider the driver behavior, using the 84 

critical gap and follow-up time) (Ren et al. 2016). These models are usually incorporated into national 85 

design guidelines.  86 

The last main check of the geometric design refers to safety conditions. Accidents at 87 

roundabouts are frequently related to conflict points (vehicle-vehicle, vehicle- pedestrian or vehicle-88 

bicycle). Their severity depends on the relative speeds of the vehicles and on the collision angle. In 89 

addition, excessive entry speeds may result in loss of control of the vehicle and originate run off the 90 

road crashes. The evaluation of safety at roundabouts may be undertaken using either accident data or 91 

surrogate measures such as traffic conflict analysis (Sadeq and Sayed 2016).  92 

Most existing roundabout safety analysis has focused in establish a relationship between 93 

contributory factors and crash rates.  Major crash causative factors are related to geometric design and 94 

traffic conditions (Kennedy et al. 2005; Montella 2011; Anjana and LR Anjaneyulu 2014). However, 95 
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there is widespread recognition of operating speed as a key safety-related variable for roundabouts 96 

(Chen et al. 2013).  Several researchers proposed the use of predicted vehicle speeds instead of 97 

roundabout geometric variables for estimating safety performance (Arndt and Troubeck 1995; 98 

Robinson 1998; Chen et al. 2013). Therefore, predicting the speed at a roundabout as a function of the 99 

intersection geometry is fundamental in the design process (Gallelli et al. 2014). 100 

Safety evaluation based on conflict analysis has the disadvantage that it is not clear the linkage 101 

between traffic conflicts and collisions (Sadeq and Sayed 2016). In addition, some accident types such 102 

as run-off-road crashes cannot be correlated with conflict types because they cannot be observed in 103 

conflict analysis.  104 

Different countries have developed extensive design guidelines and methods to evaluate the 105 

performance of roundabouts (Rodegerdts et al. 2010;  Austroads 2015; SETRA 1998; QDMR 2006; 106 

Highway Agency 2007; MF 2012). Most design guidelines provide criteria for controlling circulating 107 

speeds through roundabouts based on geometric parameters of the vehicle paths or the roundabout 108 

such as the radius of deflection, the entry path radius, and the deviation angle (Montella et al. 2012).  109 

The entry path radius is a measure of the deflection imposed on vehicle trajectory when entering 110 

a roundabout. Its effect on the safety of a roundabout design has been proven in several studies 111 

(Maycock and Hall 1984; Arndt 1998). The UK design manual recommends a maximum entry path 112 

radius of 100 m (Highway Agency 2007). 113 

The radius of deflection corresponds to the arc that defines the path around the central island. 114 

Both the Queensland (Australia) and the French design guidelines suggest limiting the radius of 115 

deflection to less than 100 m (SETRA 1998; QDMR 2006). 116 

The definitions of both the entry path radius and the radius of deflection require identifying the 117 

fastest vehicle paths from the geometry of the roundabout. The deviation angle is the angle imposed 118 

by the central island between two opposite entrances. Sound designs should have a deviation angle 119 

greater than 45° for all the entries (VSS 1999; MIT 2006). The computation of this indicator is based 120 

solely on the geometry of the roundabout. 121 
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Other design guidelines base the safety checks directly on speeds (Rodegerdts et al. 2010; 122 

Austroads 2015). The collision risk between two vehicles can be reduced by designing a geometry that 123 

provides a low relative speed of the conflicting flows, and the accident risk of an isolated vehicle can 124 

be reduced with a geometry that avoids large speed reductions along a vehicle path (Arndt 1998). 125 

From a practical point of view these risks are evaluated using the concept of speed consistency. 126 

Consistency is the relationship between the geometric characteristics of a highway and the conditions 127 

a driver expects to encounter (Lamm et al. 1999). It is usually measured on the basis of operating 128 

speed gradients. According to Arndt (1998) achieving a good speed consistency at a roundabout, 129 

which results in enhanced safety, has two implications: first, the relative speeds between consecutive 130 

geometric elements at each particular path have to be minimized; and second, the relative speeds 131 

between conflicting traffic streams should be as well minimized. Arndt (1998) recommends a 132 

maximum decrease in speed of 20 km/h for a particular path and a value that ranges between 35 and 133 

50 km/h for conflicting paths depending on the characteristics of the conflicting point. More recently, 134 

Rodegerdts et al. 2010 suggest that maximum speed differential between movements should be no 135 

more than approximately 15 to 25 km/h. 136 

Speed consistency analysis requires the identification of the fastest paths and their associated 137 

speeds. The Australian evaluation procedure (Austroads 2015; Arndt 1998) is based on the definition 138 

of all the fastest vehicle paths and their speed profiles except the movement from an entry and the 139 

consecutive exit (right turn in right-hand driving countries). The US guidelines (Rodegerdts et al. 140 

2010) proposes the determination of the fastest vehicle paths of the through movement, the left-turn 141 

movement and the right-turn movement from each approach, but suggests the selection of five critical 142 

arcs from these paths to be subsequently used in the speed consistency evaluation. A similar 143 

methodology has been adopted in Spain (MF 2012).  144 

In multi-lane roundabouts, multiple traffic streams may enter, circulate through, and exit the 145 

roundabout. As consequence, in addition to determining the fastest paths and evaluating the speed 146 

consistency as in the case of single-lane roundabouts, assessment of the natural vehicle paths takes 147 

special importance. In the case of multi-lane roundabouts, it is assumed that a natural vehicle path is 148 
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the path that an approaching vehicle will naturally take through the roundabout assuming there is 149 

traffic in all the approach lanes (Rodegerdts et al. 2010). If the natural path of one lane overlaps with 150 

the natural path of the adjacent lane the roundabout capacity and safety conditions are diminished. To 151 

avoid this situation, it is desirable that the natural paths do not have sudden changes in curvature and 152 

that consecutive curves be of similar radius. The larger size of multi-lane roundabouts and the larger 153 

width of the circulatory roadway originate larger radii of deflection of the paths, which leads to the 154 

need for larger entry and exit radii to avoid the overlapping of natural paths. In consequence, it may be 155 

difficult to keep the radii of the entry paths below a value that forces vehicles to enter the roundabout 156 

at a safe speed and so ensuring speed consistency at multi-lane roundabouts is more difficult than in 157 

the case of single-lane roundabouts.  158 

Several approaches have been proposed to estimate the operating speeds from the fastest vehicle 159 

paths allowed by the geometry. Operating speed is usually represented by the 85th percentile (V85) of 160 

the distribution of observed passenger vehicle speeds under free flow conditions. At roundabouts, 161 

operating speeds can be obtained from the fastest paths using the following relationship between 162 

horizontal curvature, travel speeds, superelevation and side friction factor, which is provided from 163 

vehicle dynamics: 164 

 127V R e f                    (1) 165 

 where 166 

V = predicted speed, km/h; 167 

R = radius of the circular arc, m; and 168 

e = superelevation, m/m.  169 

f= side friction factor 170 

Typical superelevation values of +0.02 and −0.02, corresponding to 2% cross slope, are usually 171 

considered at roundabouts. The value of the side friction factor depends on speeds and highway 172 

geometric design guidelines usually provide its reference values as a function of the design speed (MF 173 
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2012; AASHTO 2011; FGSV 2006). Based on US reference values, Rodegerdts et al. (2007) proposed 174 

the following relationship between speed and horizontal curvature at vehicle path, which has provided 175 

good correlations with real data when combined with acceleration and deceleration factors. 176 

0,3861

0,3673

8,7602   for  0,02

8,6164   for  0,02

V R e

V R e

   

   
                (2) 177 

Roundabout design guides generally recommend that the fastest paths be built as a series of 178 

circular arcs linked by tangent straight lines, while maintaining certain distances or offsets to some 179 

elements of the roundabout. For example, the US guidelines (Rodegerdts et al. 2010) proposes that the 180 

fastest vehicle paths be estimated assuming a vehicle width of 2 m and a minimum clearance of 0.5 m 181 

from the roadway centerlines or concrete curbs as well as that the vehicles keep flush with the painted 182 

edge lines. Based on these assumptions, the centerline of the vehicle path is drawn maintaining the 183 

following distances to particular geometric features: 1.5 m from a concrete curb, 1.5 m from a 184 

roadway centerline, and 1.0 m from a painted edge line. 185 

Making use of offsets, the fastest paths can be obtained by using templates to draw freehand 186 

successive trial solutions until a satisfactory one is achieved. This process is slow and laborious. In 187 

addition, it does not converge to a single common solution, as it depends on the personal judgment of 188 

each designer. To facilitate this task, CAD programs are used. For example, Wisconsin Guidelines 189 

(WisDOT 2008) propose a set procedure for creating the fastest paths in CAD. However, the task 190 

remains partially manual and time consuming. 191 

At a local level, the Ada County Highway District in Idaho (US) developed a Roundabout 192 

Design Guide (ACHD 2011), including a method that allows the computation of the radii of the five 193 

critical arcs as recommended by the US guidelines. The procedure first determines the exit type based 194 

on the number of entry lanes and the flatness of its exit geometry; then, depending on the exit type, a 195 

procedure is selected from three alternatives, and the fastest path is calculated using simple geometric 196 

constructions. This method can be automated. However, when the angles between consecutive legs are 197 

large, this method cannot determine the fastest path. 198 
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Existing methodologies only provide partial solutions to the computation of the fastest paths. In 199 

this article, a new procedure is proposed for the computation of the fastest paths in a systematic way 200 

that overcomes this drawback. 201 

METHODOLOGY  202 

In the proposed methodology, to determine the fastest path between an entry and an exit, the 203 

geometry of the roundabout along with some constraints regarding the minimum distances that the 204 

vehicle has to maintain with the edges of the roundabout are taken as input data. This section starts 205 

with the description of the geometric elements that define a roundabout, which can be automatically 206 

drawn from a set of scalar variables. Next, a set of auxiliary geometric elements that are used for 207 

considering the constraints in the path definition process is described. 208 

The proposed methodology, which is applicable indistinctively to one-lane or multi-lane 209 

roundabouts, classifies the possible paths between an entry and an exit into two categories: “direct 210 

path” or “deflected path”. The characteristics of these categories are explained, and the use of circular 211 

arcs and tangents is suggested for their definition. Next, a procedure is proposed for the geometric 212 

construction of direct and deflected paths, taking as starting data the geometry of the roundabout, the 213 

auxiliary geometric elements, and two or three reference points located at the entry, at the exit and at 214 

the circulatory roadway. 215 

Finally, as different solutions can be reached for a path depending on the exact position of the 216 

reference points, a procedure is proposed that allows selecting the fastest path among the group of 217 

potential solutions that have been generated according to the constraints they should meet and using 218 

different positions of the reference points. 219 

Geometric description of a roundabout 220 

The design of a roundabout often takes the alignment of the approach legs as the starting input. 221 

Next, the geometry of the circulatory roadway and that of each approach leg are defined. The 222 

circulatory roadway is described by the inscribed circle diameter DIC, the coordinates of its center 223 
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(Xc,Yc), and its width WC. Each of the approach leg is described by its alignment s and the entry and 224 

exit curves (Fig. 1). 225 

The geometry of an approach leg can be fully drawn according to the roadway approach width 226 

(WA), the entry and exit splitter island lengths (LE and LS), and the entry and exit widths (WE and 227 

WS). Rubio-Martín et al. (2014) proposed a procedure assuming that the geometric design of either an 228 

entry or exit use a single curb radius: the outside entry–exit curve is an arc of circumference tangent to 229 

the outside edge of the circulatory roadway and the edge of the approach leg; the inside entry–exit 230 

curve is an arc of circumference tangent to the central island and the axis of the approach leg. The 231 

entry and exit curb radii can differ, but both are controlled by the value of the entry and exit splitter 232 

island lengths. This procedure is typically suitable for single-lane roundabouts (Rodegerdts et al. 233 

2010) but is also applied in multilane roundabouts or when the approach leg presents a narrow 234 

median. 235 

 236 

[Fig. 1 Approximately here]  237 

Geometric constraints in path definition  238 
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When defining the paths, the vehicle width has to be selected and a minimum clearance from 239 

the roadway centerlines, concrete curbs, or painted edge lines must be maintained. In the proposed 240 

methodology, the following variables are used to consider these constraints in the path definition (Fig. 241 

2): 242 

d1 (m): minimum distance from the path to the approach leg axis (or the median edge if it exists) 243 

and the inside entry curve. 244 

d2 (m): minimum distance from the path to the outside entry curve. 245 

d3 (m): minimum distance from the path to the central island (or the truck apron if it exists).  246 

d4 (m): minimum distance from the path to the outside exit curve.  247 

d5 (m): minimum distance from the path to the exit leg axis (or the median edge if it exists) and 248 

the inside exit curve. 249 

These variables can be estimated on the basis of the vehicle width and the existence of concrete 250 

curbs, medians, or truck aprons. The US guidelines (Rodegerdts et al. 2010) provide approximate 251 

values for them. Once an entry and exit are selected for the determination of the path between them, 252 

five alignments (geometric objects) Oi, i =1,…,5, need to be defined as illustrated in Fig. 2. These 253 

alignments are parallel to the roundabout geometric elements at an offset of di, i =1,…,5. They are 254 

later used in the definition of the path between the selected entry and exit and are, hereinafter, called 255 

“Geometric Constraint Objects (GCO)” in order to facilitate the explanation of path computations. 256 

Hereinafter, a path is referred to as “feasible” when it satisfies all the constraints and “infeasible” 257 

otherwise. 258 



 

 
12

 259 

 [Fig. 2 Approximately here]  260 

Path classification  261 

A driver entering a roundabout can select various exits. International design guidelines 262 

commonly classify the possible movements from an entry to an exit into three types: right-turn, left-263 

turn, and through movement depending on the relative positions of the entry and the exit legs. 264 

In the proposed methodology, a new classification of the paths is used, namely, “deflected path” 265 

and “direct path”. A deflected-path is followed when the central island imposes two inflexion points in 266 

the vehicle path around the roundabout. A direct-path is followed in the absence of any inflexion point 267 

in the vehicle path (Fig. 3). 268 
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 269 

 [Fig. 3 Approximately here]  270 

A deflected path is built with three consecutive and tangent circular curves, with the second one 271 

having opposite sign to the other two. The radii of these circular curves are called “entry radius,” 272 

“circulatory roadway radius,” and “exit radius” (Fig. 3a). A direct path is built with a circular curve at 273 

the entry, a circular curve with the same sign at the exit, and an intermediate straight line tangent to 274 

the curves (Fig. 3b). In some situations, this line can be reduced to a point. This procedure of 275 

computing a path is aligned with the recommendations of international guidelines. 276 

Definition of a path 277 

A path between an entry and an exit is built as a series of circular arcs tangent to each other with 278 

the condition that it be tangent to the GCO and passes near (sometimes through) a predefined set of 279 

points. For a direct path, two points Pe and Ps located at the entry and the exit are used. Additionally, a 280 

deflected path must pass through a third point Pc located at the circulatory roadway. These points and 281 

the GCO are taken as the starting data to compute the path as described below. 282 

Methodology for direct paths (MDIP) 283 

The following steps are involved in the process of defining a direct path between an entry and an 284 

exit (Fig. 4): 285 
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- Plot a line S passing through points Pe and Ps. 286 

- If line S crosses O3, a direct path is not possible (or infeasible) and the procedure is stopped. 287 

Otherwise, the procedure is continued. 288 

- Plot the entry path as a circular arc tangent to O1, O2, and S. The tangent point on line S is Te.  289 

- Plot the exit path as a circular arc tangent to O4, O5, and S. The tangent point on line S is Ts. 290 

- If the entry and exit paths intersect, the exit path must be rebuilt as a circular arc tangent to O5 291 

and S and passing through Te. A layout of this step is shown in Fig. 5. Te and Ts are located at 292 

the same place. 293 

 294 

 [Fig. 4 Approximately here]  295 
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 296 

 [Fig. 5 Approximately here]  297 

Methodology for deflected paths (MDEP) 298 

A deflected path between an entry and an exit is obtained using points Pe, Pc, and Ps as follows 299 

(Fig. 6): 300 

- Plot a circular arc Cp passing through points Pe, Pc, and Ps. 301 

- Plot the entry path as a circular arc tangent to O1, O2, and Cp.  302 

- Plot the exit path as a circular arc tangent to O4, O5, and Cp.  303 

When the length of the circulatory path segment is less than a predefined minimum value, the 304 

obtained solution is considered infeasible.  305 
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 306 

 [Fig. 6 Approximately here]  307 

Methodology for searching the fastest paths 308 

In this section, a methodology is proposed to search for the fastest vehicle path between a 309 

specific entry and exit based on the generation of a group of feasible paths and the selection of the 310 

fastest.  311 

Step 1: Data entry 312 

The input data of the problem are the geometry of the roundabout and the GCO for the specific 313 

entry and exit. GCO is defined from the geometry of the roundabout. 314 

Step 2: Computation of feasible direct paths 315 

First, two sets of points Pe,i and Ps,j (i, j=1,2,…, N) are generated at the entry and exit, which are 316 

then placed on the inscribed circle, uniformly distributed along the section between the points of 317 

intersection with elements O1 and O2 in case of Pe and with elements O4 and O5 in case of Ps (Fig. 7). 318 

For practical applications, ten-point sets (N=10) generally yield sufficient precision while avoiding a 319 

high computational load. This recommendation is based on the results of several trial applications of 320 

the method to roundabouts with an inscribed circle diameter of 30 m, 35 m and 40 m, and with 321 
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different arrangements of the approach legs. For each combination of the inscribed circle and of the 322 

arrangement of the approach legs, the fastest vehicle paths were computed using different values of N 323 

(N= 2, 3, …, 40), and the radii of the paths were compared. It was found that from a value of N=10 the 324 

variation of the radii of the paths was less than 5%, but for N<10 the variations were in most cases 325 

greater than 5%. 326 

For each possible combination of points Pe,i and Ps,j a path is computed using the MDIP. N2 327 

paths are tried, where some of them can be feasible and others infeasible. If no feasible path is found, 328 

the movement is considered to be deflected and the procedure continues at Step 3. Otherwise, the 329 

movement is considered to be direct and the procedure continues at Step 4. 330 

 331 

 [Fig. 7 Approximately here]  332 

Step 3: Computation of feasible deflected paths 333 

In this case, three sets of points Pe,i, Pc,k, and Ps,j (i, k, j=1,2,…,M) are generated and placed as 334 

follows (Fig. 8): 335 

- Plot a circumference C1 tangent to O2, O3, and O4. The tangent points will be located at the 336 

entry, at the circulatory roadway, and at the exit. 337 
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- Next, three lines L1, L2, and L3 are plotted from the center of C1 to the tangent points. The sets 338 

of points Pe,i, Pc,k, and Ps,j are placed on the lines L1, L2, and L3, respectively (Fig. 8). The 339 

points of each set are uniformly distributed along a section beginning in the tangent point and 340 

finishing at a distance equal to a quarter of the circulatory roadway width. In this case, three-341 

point sets are generally sufficient for precise computation of deflected paths. To obtain this 342 

value, experimental tests similar to those performed for direct paths were made. 343 

Finally, for each possible combination of points Pe,i, Pc,k, and Ps,j, a path is tried using the 344 

MDEF. A maximum number of M3 feasible paths are then obtained. 345 

 346 

 [Fig. 8 Approximately here]  347 

Step 4: Selection of the path 348 

In this step, the fastest path among the set of feasible trajectories is selected on the basis of an 349 

estimation of the travel time required by a vehicle to run the path. To that end, the speed at each 350 

circular arc may be estimated using the relationship between speed and horizontal curvature proposed 351 

by Rodegerdts et al. (2007), unless an alternative relationship calibrated for local conditions is 352 

available.   353 
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A threshold speed equal to the design speed of the approach roads is imposed. Finally, the 354 

corresponding travel time at each path is obtained from the speed and length of the arcs, and the path 355 

having the minimum travel time is selected as the fastest vehicle path. 356 

CASE STUDY 357 

In this section, an example of the application of the developed methodology is presented. A 358 

single-lane three-leg roundabout was selected in which all the possible types of trajectories described 359 

above exist to illustrate the efficiency of the procedure in defining the fastest paths.  The evaluation 360 

has been performed following the recommendation of US and Spanish guidelines which do not 361 

consider the computation of the fastest vehicle paths corresponding to U-turns. However, their 362 

computation is possible using the proposed methodology. The applicability of the resulting paths to 363 

assess the consistency of the design was also demonstrated. 364 

Input data 365 

Table 1 contains the data used for defining the geometry of a three-leg roundabout with a 366 

roadway approach width of 7 m. The corresponding drawing is shown in Fig. 9. The constraints in the 367 

path definition were obtained from the following data: d1 = 1 m, d2 = 1.5 m, d3 = 1.5 m, d4 = 1.5 m, and 368 

d5 = 1 m. In case of deflected paths, a minimum length of the circulatory path segment of 20 m was 369 

adopted to consider a solution feasible. The design speed of the approaches was 80 km/h. 370 

[Table 1 Approximately here] 371 

Table 1. Values of the Variables that Define the Roundabout Geometry 372 

  LE (m) WE (m) LS (m) WS (m) Xc (m) Yc (m) DIC (m) Wc (m) 

Leg 

Entry 
splitter 
island 
length 

Entry 
width 

Exit splitter 
island length 

Exit width 
Roundabout 

center 
coordinate X 

Roundabout 
center 

coordinate Y 

Diameter of 
the 

inscribed 
circle 

Circulatory 
roadway 

width 

Leg 1 18 4.3 23 5.5 

55 55 40 6 Leg 2 21 4.3 18 5.5 

Leg 3 20 4.3 25 5.5 

 373 
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 374 

 [Fig. 9 Approximately here]  375 

Computation of the fastest paths 376 

The results of the application of the proposed methodology are shown in Fig. 10. The thicker 377 

black lines represent the selected paths between each entry and exit, and the circles represent the 378 

points of tangency on the paths. A drawing with the geometric details of the selected paths is shown 379 

on Fig. 11. For a deflected path, R1 is the entry radius, R2 is the circulatory roadway radius, and R3 is 380 

the exit radius. A direct path comprises circular curves at the entry and exit, linked by an intermediate 381 

tangent that may be reduced to a point. R2 is ∞ in the first case, and it does not exist in the second. 382 
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 383 

 [Fig. 10 Approximately here]  384 
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 385 

 [Fig. 11 Approximately here]  386 

Design evaluation   387 

At this stage, the resulting paths are used to assess the consistency of the design. Therefore, 388 

speeds along the paths are computed and subsequently used to evaluate speed consistency. Table 2 389 

shows the speeds obtained at the arcs of each path using the speed–radius relationship given in 390 

Equation (1). V1, V2, and V3 are the speeds corresponding to R1, R2, and R3, respectively. The origin 391 

and destination legs are shown in parentheses. 392 

[Table 2 Approximately here] 393 



 

 
23

Table 2. Vehicle Speeds Along the Fastest Paths (km/h) 394 

Path from Leg 1 to 

Leg 2 V1 (12)= 34.9 V2 (12)=  -  V3 (12)=  34.9 

Leg 3 V1 (13)= 36.5 V2 (13)= 25.7 V3 (13)=  48.0 

Path from Leg 2 to 

Leg 3 V1 (23) = 42.7 V2 (23) = 54.9 V3 (23) = 49.2 

Leg 1 V1 (21) = 40.7 V2 (21) = 24.9 V3 (21) = 49.8 

Path from Leg 3 to 

Leg 1 V1 (31) = 41.6 V2 (31) = 42.4 V3 (31) = 50.9 

Leg 2 V1 (32) = 40.2 V2 (32) = 25.8 V3 (32) = 42.2 

 395 

To achieve a good speed consistency of the design, relative speeds between conflicting traffic 396 

streams and between consecutive geometric elements should be minimized. Table 3 shows the results 397 

obtained for this case study. 398 

[Table 3 Approximately here] 399 

Table 3. Speed Consistency Analysis 400 

Relative speeds between conflicting traffic 
stream (km/h) 

Relative speeds between consecutive 
geometric elements (km/h) 

Conflicting 
speed 1 

Conflicting 
speed 2 

Relative 
speed 

Speed 1 Speed 2 
Relative 
speed 

V1 (12) = 34.9 V2 (32) = 25.8 9.1 V1 (12) = 34.9 V3 (12) = 34.9 0.0 
V1 (13) = 36.5 V2 (32) = 25.8 10.7 V1 (13) = 36.5 V2 (13) = 25.7 10.8 
V1 (23) = 42.7 V2 (13) = 25.7 17.0 V2 (13) = 25.7 V3 (13) = 48.0 22.3 
V1 (21) = 40.7 V2 (13) = 25.7 15.0 V1 (23) = 42.7 V2 (23) = 54.9 12.2 
V1 (31) = 41.6 V2 (21) = 24.9 16.7 V2 (23) = 54.9 V3 (23) = 49.2 5.7 
V1 (32) = 40.2 V2 (21) = 24.9 15.3 V1 (21) = 40.7 V2 (21) = 24.9 15.8 

      V2 (21) = 24.9 V3 (21) = 49.8 24.9 
      V1 (31) = 41.6 V2 (31) = 42.4 0.8 
      V2 (31) = 42.4 V3 (31) = 50.9 8.5 
      V1 (32) = 40.2 V2 (32) = 25.8 14.4 
      V2 (32) = 25.8 V3 (32) = 42.2 16.4 
         

 401 

These results indicate that the speed differential between conflicting traffic stream ranges 9.1–402 

16.9 km/h, with a mean of 14 km/h, and that between consecutive geometric elements ranges 0.0–24.9 403 
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km/h, with a mean of 12 km/h. The geometric design meets the speed consistency criterion specified 404 

in relevant international design guidelines (Rodegerdts et al. 2010; Austroads 2015). 405 

CONCLUSION 406 

This study developed a systematic procedure to identify the fastest paths for all possible 407 

movements by using the roundabout geometry and the minimum distance between the vehicle and the 408 

edge of the roundabout as input data. The following aspects of the proposed methodology are 409 

highlighted: 410 

 It supports the speed consistency assessment of the design as prescribed by most 411 

relevant international guidelines. 412 

 It can be easily implemented in roundabout design software. 413 

 It provides an efficient alternative to the current practice of drawing successive trial 414 

solutions by freehand until a satisfactory one is reached. In comparison with other 415 

existing semiautomatic methods, the proposed method has the ability to solve all the 416 

relevant movements in the roundabout. 417 

 It is applicable indistinctively to one-lane or multi-lane roundabouts, and for any 418 

arrangement of the approach legs. 419 

 It ensures convergence to a single common solution, as it does not depend on personal 420 

judgment of the designer. Therefore, it can be easily implemented in a heuristic 421 

roundabout design procedure. 422 

 A limitation of the method is that it has to be included in a comprehensive roundabout 423 

design software for a broad use. 424 

 Its applicability in practice has been demonstrated in a case study. 425 
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