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ABSTRACT: 

 

Road geometry and sun glares play an important role concerning road safety. In this research, the direct sunlight in a roundabout sited 

in Ávila (Spain) is analysed using Aerial Laser Scanning (ALS) point clouds. First, the roundabout is divided in 8 sections, obtaining 

the driver bearing vectors of the roundabout. Entrances and exits driver bearing vectors of the roundabout are also considered. Then, 

sun rays are generated for a specific location of the roundabout and in a specific day and time. The incidence of the sun rays with the 

driver’s vision angle is analysed based on human vision model. Finally, intersections of sun rays with obstacles are calculated utilizing 

ALS point clouds. ALS data is processed (removing outliers, reducing point density, and computing a Delaunay Triangulation) in order 

to obtain accurate intersection results with obstacles and optimise the computational time. The method was tested in a roundabout, 

considering different driver bearings, the slope of the road and the elevation of the terrain. The results show that sun glares are detected 

at any day and time of the year, therefore areas with risk of direct sun glare within the roundabout are identified. The sun ray’s incidence 

in the vision angle of the driver is higher during winter solstice, and intersections with obstacles occur mainly during sunrise and sunset. 

In roundabout vector 7, during winter solstice there is direct sun glare for 7 hours 30 minutes, at the equinoxes for 6 hours 15 minutes 

and during summer solstice there is no direct sun glare. 

 

 

1. INTRODUCTION 

Road network is hugely used for transportation of people and 

goods. The use of the road network deals also with the occurrence 

of traffic accidents influenced by several reasons such as traffic 

density, weather conditions and road geometry. Intersections, 

roundabouts and slope changes are road geometry features which 

can influence on traffic accidents.(González-Gómez and Castro, 

2019) visibility is a relevant factor regarding safety, particularly 

in intersections which are complex areas due to their visual 

obstructions. The conversion of an intersection to a roundabout 

reduce the number of accidents, (Daniels et al., 2010). However, 

roundabouts with several lanes have a high number of 

possibilities for lane changes which implies a higher probability 

of accidents, (Balado Frias et al., 2019). (Hels and Orozova-

Bekkevold, 2007) concluded that roundabouts are less safe for 

cyclist than for vehicles. 

 

Sunlight and its incidence on the road are two characteristics that 

have influence on road safety. In some cases, the driver is blinded 

by the sunlight. Consequently, traffic accidents can increase, 

(Pegin and Sitnichuk, 2017). (Mitra, 2014; Sun et al., 2018) 

exposed that sun glare contributes to collision occurrence, 

especially at road intersections.  

 

Aerial Laser Scanning (ALS) point clouds have been utilized in 

several studies. Road geometry is one of the features provided by 

road point clouds, which can be extracted from ALS data, 

(Widyaningrum et al., 2020). Having defined the road geometry, 
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it is possible to study how the geometry influence the road safety 

or the road visibility. ALS data is also  

used to study the elevations of the terrain. (Iglesias et al., 2016) 

concluded that ALS data is more accurate to analyse distant 

obstacles than MLS data.  

 

The aim of this work is to evaluate safety conditions on 

roundabouts, considering the incidence of the Sun and the driver 

bearing vectors. To analyse the sun incidence, the azimuth and 

solar altitude are calculated for a given location and time. 

Roundabout geometry and the driver bearing vectors are taken 

manually from ALS point clouds. Then, the orientation of the sun 

rays is compared with the driver bearing vectors. Intersections 

with obstacles are searched using ALS data. For this purpose, it 

is necessary to process the point clouds (to remove outliers, 

reduce point density and triangulate them).  

 

The rest of this paper is organized as follows. Section 2 presents 

the proposed method. The results are shown and analysed in 

Section 3. Section 4 concludes this work. 

  

2. METHOD 

The proposed method follows the subsequent stages, (Figure 1). 

First sun rays are calculated based on the solar angles (azimuth 𝛽 

and solar altitude 𝛼). Then, the incidence of sun rays in the 

driver’s vision field is studied and finally, intersections of sun 

rays with obstacles are calculated. 
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Figure 1. Workflow 

 

2.1 Sun ray generation 

Sun rays are calculated in order to analyse how the sunlight falls 

on the road. First, the latitude 𝛾 and longitude 𝜑 of each studied 

location are defined. Although a roundabout can be divided in an 

infinite number of ways to select and analyse the positions, in this 

study, eight locations within the roundabout are considered 

sufficient. Each change of section implies a bearing change of 

45º. The vision angle is of 120º, therefore, this angle is covered. 

In addition to the locations within the roundabout, another 

location is added for each entry and exit lane. Locations and 

driver bearing vectors are generated manually based on the 

direction of driving. 

 

The sun position is determined for a set of angles, (Figure 2): 

 Declination angle 𝛿; it is defined as the angle formed 

between the ecliptic plane and the equatorial plane. 

 The hour angle ω; it represents the angular 

displacement of the Sun. 

 Solar altitude 𝛼; it is defined as the elevation of the Sun 

with respect to the horizon. 

 Azimuth angle 𝛽; it is the angle formed by the south 

direction with the horizontal projection of the straight 

line connecting the position of the Sun with the 

observation point. Angles between south and northeast 

are negative and angles between south and northwest 

are positive. 

 
Figure 2. Solar angles: Declination 𝛿, hour angle 𝜔, azimuth angle 𝛽 and 

solar altitude 𝛼 

Angles which define the sun position are defined by the 

Equations 1 to 4, (Soilán et al., 2018). 

 
𝛿 = 23.45𝑠𝑒𝑛 (360 ∗

284 + 𝑁

365
) 

 

(1) 

 𝜔 = 15 ∗ (𝑠𝑜𝑙𝑎𝑟_ℎ𝑜𝑢𝑟 − 12) 

 

(2) 

 𝛼 = 𝑎𝑠𝑖𝑛(sin(𝛿) ∗ sin(𝜑) + cos(𝛿) ∗ cos(𝜑)

∗ cos(𝜔)) 

 

(3) 

 𝛽 = 𝑎𝑠𝑖𝑛(cos(𝛿) ∗ sin(𝜔)/cos(𝛼)) 

 

(4) 

Each location of the roundabout is defined as 𝐿 = (𝐿𝑥, 𝐿𝑦 , 𝐿𝑧) →

𝑁𝑥3, where 𝑁 is the number of points. Considering the driver’s 

high, 𝐿𝑧 is assumed to be the altitude of the road plus 1.1 meters 

considering the vehicle using the road is a car, (Iglesias et al., 

2016). The value of 𝐿𝑧 could be different in case of a truck, bus 

or other vehicle model. Therefore, sun rays are defined as 𝜃 =
(𝐿𝑥 , 𝐿𝑦 , 𝐿𝑧, 𝛼, 𝛽). Intersections of sun rays with obstacles are 

calculated utilising ALS point clouds. 

 

2.2 Sun ray incidence on the driver vision field 

The Sun has direct impact on the driver if sun rays are incident 

on the driver’s vision field. Driver’s vision field is defined by two 

planes, a horizontal plane and a vertical plane, (Figure 3a,b). The 

horizontal plane is defined by an angle between 60° and -60° and 

the vertical plane is defined by an angle between 50° and -70°, 
(Tara et al., 2020). 

 

The sun rays incidence on the driver’s vision field is analysed 

regarding the solar altitude 𝛼 and the azimuth angle 𝛽. The 

azimuth angle 𝛽 is measured with respect to the south, however 

the driver bearing vector can be oriented in different directions 

regarding de cardinal axes (north, south, east, west, north-west, 

north-east, south-west and south-east). Therefore, the azimuth 

angle 𝛽 is compared with the horizontal vision field considering 

the driver bearing angle regarding to the cardinal points, (Figure 

3c). The solar altitude 𝛼 is compared with the vertical vision 

field. The slope of the road is considered, (Figure 3d). In the next 

stage it is analysed if any obstacles can occlude the direct 

incidence of the Sun. 
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Figure 3. Driver's vision field: a) horizontal plane, b) vertical plane, c) 
analysis in the horizontal vision field d) analysis in the vertical vision 

field 

2.3 Sun ray intersection with obstacles 

Intersections of sun rays with obstacles are calculated to obtain 

the location and time at which the sunlight is occluded. In order 

to obtain intersections accurately, ALS point clouds, 𝐴 =
(𝐴𝑥, 𝐴𝑦, 𝐴𝑧) → 𝑁𝑥3 where 𝑁 is the number of points, are filtered 

and triangulated, (Figure 4). First, a Statistical Remove Outliers 

(SOR) filter, (Abdelazeem et al., 2021), is applied to eliminate 

noisy points which do not belong to the terrain. Then a point 

density reduction is applied and finally ALS point clouds are 

converted into a triangular mesh with the Delaunay Triangulation 

algorithm, (Dinas and Bañón, 2014). In this case it is not 

necessary to have a high level of detail. Obtaining the envelope 

of the terrain will be enough. 

 

Intersections of the sun rays with obstacles are calculated, 

considering the location of the driver and the orientation of the 

sun rays. The mid-point of each driver bearing vector is chosen 

as the point of reference where the sun rays have incidence. Then, 

intersections of the sun rays 𝜃 = (𝐿𝑥 , 𝐿𝑦, 𝐿𝑧, 𝛼, 𝛽) with the 

triangular mesh are computed. 

 

 
Figure 4. Workflow: Sun rays intersection with obstacles 

3. EXPERIMENTS 

3.1 Data 

A roundabout sited in Ávila (Spain), with latitude 40.7º N and 

longitude 4.7º W, was selected as case study. ALS point clouds 

of this area were used to perform the proposed method. The ALS 

data were obtained from the Spanish National Geographic 

Information Centre (CNIG), considering 2 km as maximum 

distance to the roundabout. The Spanish ALS point cloud 

database is organized in grids of 2x2 km, therefore, in this 

analysis 9 grids were considered with about 7,500,000 points 

grid, (Figure 5). 

 

 
Figure 5. ALS point clouds. The blue square indicates the location of the 
roundabout 

3.2 Parameters 

ALS point cloud processing was done following the next stages: 

SOR filter, point density reduction and Delaunay Triangulation.   

Parameters used to perform these processes are shown in Table 

1. The voxel size used for point density reduction decreases the 

number of points without losing significant detail of the terrain 

profile, allowing the computation time of subsequent steps to be 

reduced. With the size of the radius to perform the Delaunay 

triangulation, the triangulated terrain surface is obtained 

sufficiently detailed. 

 

Operation Parameters 

SOR Filter 
No. neighbors = 

20 

Standard deviation = 

5 

Point density 

reduction 
Voxel size = 20 cm 

Delaunay 

Triangulation 
𝜌 = 15 

Table 1. Workflow parameters 

3.3 Results 

The proposed method was applied in the roundabout considering 

the driver bearing vectors of the 8 sections of the roundabout 

itself (R1 to R8), the driver bearing vectors of the 3 entrances (I1, 

I2, I3) and the driver bearing vectors of the 3 exits (O1, O2, O3) 

during each season (summer solstice, equinoxes and winter 

solstice), although it can be applied to any day of the year. Each 

bearing vector is defined by its orientation regarding the cardinal 

points, (Figure 6). In general, and due to the sun trajectory 

(sunrise in the east and pass through the south to sunset in the 

west), vectors oriented to the south are more affected by the direct 

sunlight. 
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Figure 6. (a) Top view of the case study and (b) bearing vectors 

Figure 7 shows the driver’s vision in the horizontal plane (blue 

arrows) during each season, referring to the vector 5 of the 

roundabout. The number of hours where sun rays have incidence 

on the driver’s vision in the horizontal plane increase from winter 

solstice to summer solstice (passing through the spring equinox). 

Solar altitude also increases, therefore sun rays are no longer 

incident on the vertical plane of vision when it is reached a certain 

height. During summer solstice sun rays are not incident in 

several hours of daylight due to the high altitude of the Sun, 

although they are indecent in numerous hours of daylight in the 

horizontal plane of vision.  

 
Figure 7. Sun rays during daylight (red lines) represented in the 2x2 km 

roundabout grid for a) winter solstice, b) equinoxes, c) summer solstice. 

river’s vision field in the horizontal plane is indicated with blue arrows 
(referring to vector 5). 

Intersections with obstacles were mainly encountered during 

sunrise and sunset. The terrain model had low altitudes and few 

altitude changes. Sun ray’s incidence on the driver’s vision field 

and intersections with obstacles were studied during daylight in 

each season. Figure 8 show intersections with obstacles in a 

specific roundabout vector, which occurred during the sunrise 

and the sunset in the winter solstice and in the equinoxes, and 

only during the sunset in the summer solstice. 

 

Figure 9, Figure 10 and Figure 11 show the obtained results in 

each of the bearing vectors for the different seasons during 

daylight. In each vector is represented the solar hour at which the 

Sun had or not direct incidence in the driver’s vision field and the 

solar hours at which the Sun was occluded by obstacles.  

 

During winter solstice and equinoxes, the Sun had almost no 

incidence on the driver’s vision field in roundabout vectors, 

entrances and exits which were oriented to the north. However, 

during summer solstice, the Sun had more incidence in these 

vectors due to the sun trajectory. The major incidence of sun rays 

on the driver's vision field occurred in south-facing vectors, 

although during summer solstice the sun ray’s incidence was 

reduced due to the high solar altitude. Between 9:15 and 14:45 

the Sun had not incidence in no location of the roundabout during 

summer solstice due to the high solar altitude 𝛼. Sun rays had 

incidence at later daylight hours when vectors were oriented to 

the west. Roundabout vectors oriented to the east had sun ray’s 

incidence at earlier daylight hours.  

 

  
Figure 8. Sun ray intersections with obstacles in the roundabout vector 7 

during daylight. Sun rays are represented by red lines and intersections 

are indicated with cyan points: a) winter solstice, b) equinoxes, c) summer 
solstice 
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Analysing driver bearing vectors, sun rays had incidence in the 

earlier hours of daylight in roundabout vector 1 and 2, oriented 

to north-east. In these locations, the more oriented to the east the 

more incidence of the sun rays at earlier hours of the daylight. 

Also the number of hours where the sun rays had incidence on 

the driver’s vision field increased from winter solstice to summer 

solstice. Similarly occurred in vectors oriented to south-east 

(roundabout vector 7 and 8, entrance 2 and 3, and exit 1), 

although, in these locations the more oriented to the east the 

earlier the Sun ceased to have incidence on the driver’s vision 

field. The number of hours where the Sun had incidence on the 

driver vision field is maximum during equinoxes. Results in 

north-west faced vectors (roundabout vector 3 and 4, entrance 1 

and exit 2) and in vectors oriented to south-west (roundabout 

vector 5 and 6 and exit 3) are equivalent to the previous locations. 

However, the sun rays had incidence in the later hours of the 

daylight. In north-west face vectors, the more oriented to the west 

the higher number of hours where the Sun had incidence on the 

driver’s vision field. Also in north-west vectors the solar 

incidence increase from winter to summer solstice. In south-west 

vectors, the more oriented to the west the later the sun rays started 

to have incidence on the driver’s vision field.  

 

 

 
Figure 9. Sun rays incidence and intersections during winter solstice 

 

 
Figure 10. Sun rays incidence and intersections during equinoxes 
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Figure 11. Sun rays incidence and intersections during summer solstice 

All experiments were executed on Intel® Core™ i7 CPU 3.4GHz 

with 16GB RAM using Python. The total time processing 

considering one season and analysing all driver bearing vector 

was 6’ 48’’. The time processing detail is shown in Table 2. 

Operation 
Time 

processing 

Number of 

executions 

Data reading and latitude 

and longitude calculation 
1’ One execution 

Sun position and sun 

trajectory calculation 
1’ 

Executed for 

each season 

Filtering and triangulation 

of ALS point clouds 
2’ 12’’ One execution 

Calculating intersections 12’’ 

Executed for 

each driver 

bearing vector 
Table 2. Time processing detail 

3.4 Analysis and discussion 

An analysis was performed by selecting a specific hour. Sun ray’s 

incidence was studied in every driver bearing vectors and for 

different seasons. The solar altitude 𝛼 increases from the winter 

solstice through the autumnal equinox to the summer solstice. 

During winter solstice occurred several intersections (Figure 12a) 

while in equinoxes and in summer solstice did not occur 

intersections with the terrain due to the solar altitude is high and 

the elevation of the terrain is low, (Figure 12b).  

 
Figure 12. Sun ray intersections with obstacles in the roundabout at 7:30. 

Sun rays are represented by red lines and intersections are indicated with 

cyan points: a) winter solstice with zoom in intersections, b) summer 
solstice, equinoxes and winter solstice 

Results demonstrated that the incidence of sun rays in the driver’s 

vision field depend largely on the driver’s vector bearings and 

also on the day and hour of the year (azimuth 𝛽 and solar altitude 

𝛼). Intersections with obstacles depend on the altitude of the 

terrain and accordingly on the day and hour of the year. 

 

All the experiments were analysed considering direct sunlight in 

sunny days. Clouds and other meteorological factors could 
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minimize the incidence of the sun rays; however, this is out of 

the scope of the work. Neither adverse weather conditions (rain, 

snow, fog) have considered in the proposed method. 

 

In this case of study, the roundabout is not surrounding by near 

obstacles which can occlude the Sun (vegetation, buildings, road 

elements). ALS data is sufficient to analyse intersections with 

obstacles, however, given the limitations in acquiring vertical 

elements, another data source should be used to detect near 

obstacles and obtain a more accurate triangulation. 

 

4. CONCLUSIONS 

Find the areas where sun rays have incidence on the driver’s 

vision field is a crucial feature in order to prevent accidents and 

propose measurements to reduce them. In this research is 

presented a method to detect sun glares in roundabouts. It is 

applied at days and times where the direct sunlight has incidence 

on the driver’s vision field and has into consideration locations 

where sun rays are occluded by the altitude of the terrain. The 

method is applicable to any day and time of the year and for any 

location at the roundabout, considering the driver bearing, the 

road geometry and the sun position. 

 

The experimental results, on a roundabout sited in Ávila (Spain), 

show that the incidence of the sun rays in the driver’s vision field 

are closely related with the bearing of the driver. Due to the sun 

trajectory (rises in the east and sets in the west) the orientation 

more expose to sunlight is the south. However, during summer 

solstice there were some exceptions because the Sun rises in the 

north-east and sets in the north-west. The azimuth angle and the 

solar altitude are also relevant features. Low altitudes imply a 

greater incidence of the sun rays in the driver’s vision field and 

also greater number of intersections with obstacles. Winter 

solstice is the season where the Sun is at its lowest position and 

therefore the season where the sun rays had more intersections 

with obstacles. However, summer solstice is the season where the 

Sun is at its highest position and therefore the season where sun 

rays had the least incidence on the driver’s vision field and where 

there were the fewest intersections with obstacles. Intersections 

occurred during sunrise and sunset, because the solar altitude is 

low and the terrain had low altitudes. 

 

The method can be applied in high accident areas to assist 

decision-making. Illuminated signs could be installed to warn of 

reduced visibility at specific times of the day, and the algorithm 

could be used in accident blackspots or road accidents. In 

addition, notifications could be implemented in navigation 

systems to warn of potential sun glares. 

 

Future work will focus on extending the test on different types of 

intersections (direction changes on road, intersections). Cloudy 

days and adverse weather conditions (rain, fog, snow) will also 

be considered, revaluating the incidence of the un and 

considering the reflections of sun rays. Other types of data 

(Terrestrial Laser Scanning or Mobile Laser Scanning) may be 

used to obtain more accurate information, especially of obstacles 

in the vicinity of the road. In addition, other models of visibility 

and solar incidence in different geometries will be investigated. 
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