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Sky view factor (SVF) is a well-known parameter in urban-climatic studies, but
there is a lack of consensus on its effectiveness, especially with regard to the
interpretation of changes in urban air temperatures. This led the authors to
develop the new concept of the partial sky view factor (SVFp), which showed
promise in a previous study. The objective of this study is to save the time
associated with manual methods of calculating SVF and SVFp by developing a
Rhino-Grasshopper component to quantify them via the hemispheric projection of
a 3D model. In addition, a different approach, in terms of a hemispheric
projection to calculate SVF, will be introduced by another component, and the
pros and cons of each approach are considered. We will name these methods `Ray
Method' and `Geometrical Method' respectively. The Ray Method has achieved a
good balance between accuracy, processing time and urban scale and complexity
compared to the Geometrical Method.
Keywords: Sky view factor, parametric design, Rhino - Grasshopper, urban
morphology, partial Sky view factor

INTRODUCTION
Identifying links between urban conﬁguration characteristics and microclimatic factors can contribute
to promoting urban forms that create to a more comfortable and sustainable experience for city residents.
Therefore, it is desirable to investigate these links
and quantify the parameters that impact on the conditions within urban areas and the interactions between the urban morphology and urban microclimate - this is especially important in the context of

urban heat island eﬀects being exacerbated in the future by global warming.

Sky View Factor (SVF), a deﬁnition...
Sky view factor (SVF) is a one of those parameters
that supports current understanding and knowledge
about urban-climate relationships through intensive
and diverse studies that have investigated SVF and
its relationship with urban heat island (UHI), thermal
comfort, energy budget, air temperature and day-
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lighting. SVF refers to the ratio of radiation that is
received by a speciﬁc point to that which would be
received from the whole hemispheric radiant environment around that point (Johnson & Watson 1984).
The eﬀect of this ratio on the radiant energy ﬂux
density in an urban space may be subject to surfaces properties and their geometrical relationships
in terms of distances between the surfaces and their
orientations (Steyn 1980). Therefore, SVF can be considered as the ratio of visible sky that can be seen
from a location in the urban space to whole sky dome
that contains both visible and obstructed sky. The
limits of this ratio range between 0, which refers to an
entirely obstructed sky, and a value of 1, which represents a totally unobstructed sky (Lin et al. 2012).
Many methods to calculate SVF have been developed
and this study will consider some of them.

Calculation Methods of SVF
Analytical or Geometrical Methods. These methods uses the geometrical characteristics of an urban
space around a speciﬁc point as inputs to equations
to estimate SVF, where the energy budget of urban
spaces is subject to these characteristics in terms of
radiation exchange with the visible sky. SVF for general simple geometries have been calculated by Oke’s
formulae (Oke 1988). These formulae were enhanced
to be suitable for more realistic scenarios that represented unsymmetrical and ﬁnite urban geometries
by projecting the surroundings onto a hemisphere;
calculations are then performed on the hemisphere
to calculate the fractions of wall view factor and then
sky view factor with respect to the monitoring point
(Johnson & Watson 1984). These models were used
to develop algorithms and parametric methods to estimate SVF by some softwares(Chen et al. 2012).
Photographic Methods. These methods are used to
calculate sky view factor from geometrical characteristics of the radiating environment surfaces by taking in to account their orientations and distances between them. Therefore, these methods are suitable
for real cases with complicated or simple conﬁgurations and with or without trees. They utilize a ﬁsh-

eye lens to capture an image that shows the 3D surroundings on a 2D circular plane, using a hemispheric
projection as a middle stage between them. There
is a similarity with Nusselt’s method or unit sphere
method, that is used to calculate view factors in radiative heat transfer in terms of an equiangular hemispheric projection concept, which develops a graphical manual approach with its equations dependent
on a plane polar co-ordinate system to calculate SVF
(Steyn 1980). Currently, a group of software supported by image processing abilities is used to calculate SVF from ﬁsheye images. However, the sky condition in terms diﬀerences of cloud cover and direct
sunlight can cause problems for results of these software. In addition, this method may be time and eﬀort
consuming and, therefore, it is not suitable for large
urban areas (Chen et al. 2012).
Computational Methods. Advances in the eﬃciency of computer performance have contributed
to the development of software that can process
the complex factors in the built environment and
gives outputs that help to analyse it, and SVF is an
example of one of these outputs. Two main approaches have been tracked to calculate SVF - vector
and raster(Chen et al. 2012). This study will focus on
the vector approach, which processes the data of 3D
models to deﬁne the sky line border on a hemispheric
dome dependent on a measurement point location.
This dome can be divided in to equal slices and then
integral calculus algorithms are applied to calculate
the parts under the line, which are summed and then
subtracted from 1 to get the SVF value. Software such
as GIS-Arc View shows the ability to develop and apply algorithms like this (Gál et al. 2009)(Unger 2009).
LSS Chronolux is a SketchUp extension that is limited
to the version 2013, and which deals with the hemisphere in a diﬀerent way; it is divided in to a grid with
unequal numbers of vertical segments to horizontal
segments. SVF describes the relationship between
the area of cells that represent the visible sky and the
area of obstructed cells by surroundings from a monitoring point in the urban space[1].
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For the software Rhino - Grasshopper a plugin was
written in Visual Basic net to calculate the single point
SVF from a 3D model based on the analytical method
algorithm with a new method to estimate the altitude angles that aﬀect the calculation of obstructed
parts from the slices of hemisphere. Also, this plugin
has the ability to produce map that show continuous
SVF for a determined urban area with high accuracy
and a short processing time (Wu et al. 2013).
For Grasshopper-Ladybug, the SVF can be calculated from the view analysis component. However, the results are not aligned with ﬁndings from
a pioneering study of Oke that deﬁned the connections between SVF and high to width ratio for urban canyons. This mismatch may be due to the calculation of SVF as a geometric ratio of visible sky
[2]. Another work supports this opinion where other
metrics, that are related to the calculation of seen
sky from the urban space, cause confusion in understanding the SVF because of the convergence of
its basic ideas. Therefore, Ladybug with Honeybee
has been used to develop a component to calculate
these metrics in addition to SVF [3]. Ladybug does
not have the ability to take a ﬁsheye image as a direct input to calculate SVF; however, that can be done
by rendering a ﬁsheye scene from a point by using
Honeybee. Then, the number of sky pixels can be
accounted by Grasshopper’s image sampler component that processes images and returns the colours
for each pixel [5]. Another Grasshopper component
has been developed to calculate SVF on surfaces of
urban masses as a ratio of the total rays that shoot out
from nodes on a half-sphere to the number of the rays
that hit the obstacles. The main output is a colour
gradient map on the surfaces [4].
Although there is all this attention concentrated
on SVF, there are conﬂicting results about its role, especially with air temperature. While some studies
highlighted that SVF has an important impact, other
studies indicated its negligible eﬀect (Krüger et al.
2011). Many reasons may account for these diﬀerent views, with one of them being that a single value
of SVF can actually express various conﬁgurations for

diﬀerent locations. To overcome this problem, the
speciﬁcity of the urban conﬁguration of these locations need to be distinguished. Therefore, the ﬁrst
and third authors of this paper have previously suggested dividing the one value of SVF into four values related to the four cardinal directions. Each sector, knows as partial sky view factor (SVFp), represents the ratio of the visible sky from this sector to the
whole circular projection of the ﬁsheye image used
to calculate SVF (Al-Sudani & Sharples 2016). The results showed that SVF did not appear have a significant relationships with air temperature; conversely,
SVFp typically showed a strong correlation (Al-Sudani
& Sharples 2016). Therefore, the objective of this
study is to develop a Rhino-Grasshopper component
to quantify SVF and SVFp depend on hemispheric
projection of 3D model. This component will save
time compared to long manual processes needed to
calculate SVFp, with the ability to determine it in any
number of sectors (i.e. not just four). In addition, a
diﬀerent approach, in terms of of hemispheric projection to calculate SVF, will be introduced by another
component, to reveal the pros and cons of each approach. We will name these methods ‘Rays Method’
and ‘Geometrical Method’ respectively

THE PROPOSED SVF CALCULATION METHODS
To achieve the objective of this study, two components will be developed and validated, according to
the pre-deﬁned titles, as follows:

The Rays method
This component (Figure1) has six inputs. First, measuring point(s) (Origin). Second, the radius of hemisphere as (Radius). Third, the north direction in degrees. Forth, the number of sky sectors to calculate SVFp as (Divisions). Fifth, the segments of hemisphere is determined for a one sector as (segments).
The 3D model should be a mesh and not a BREP so
that users can use many modelling software (e.g. 3ds
MAX) and export it to Rhino as a mesh. The outputs of
this component are SVF, SVFp and hemispheric pro-
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jection that show the north sign and the diameters
that determine the side borders of sectors and extend outside the perimeter of the sphere to deﬁne
visually the number of sectors and their locations.

sector to the area of the whole hemisphere. The accuracy is subject to the number of segments per sector, where the number of horizontal segments equals
the number of vertical segments for each sector. The
SVFp values list is ordered counter clock wise from
the north direction (e.g. for 4 sectors, north, west,
south, east is 0,1,2,3 ) (Figure 4).
In detail , the algorithm workﬂow is in 5 phases
as follows (Figure 5) :
• In phase 1: a sphere is drawn with the measuring point as the centre with the radius size
from the input ‘radius’ and rotated by the angle input ‘NorthDir’ to have a rotated sphere
as Result A.
• In phase 2: the sphere is divided to become
a hemisphere and then divided in to sectors
according to the ‘divisions’ input, then subdivided into segments according to the ‘segment/division’ input. So, Result B is a rotated
subdivided hemisphere.

Figure 1
the proposed
grasshopper
component

Figure 2
Test model shows
the rays generated
from the
measurement point
and the hitting the
masses
Figure 3
the ability to test
unlimited number
of points
simultaneously.

The proposed component calculates the SVF by algorithms that generate rays in the form of a hemisphere; each ray starts from the measuring point(s)
that represent the centre of the hemisphere and gets
its direction from the centre of each sphere segment.
Once the ray of each segment hits an object of the
3D model then it will have a (true) value. The sky view
factor will be the ratio between the summation of the
areas of segments that are open to sky with (false)
values and the total surface area of the hemisphere
(Figures. 2,3).
In addition, this algorithm can calculate SVFp
and extract the segments of each sector, where SVFp
is the ratio of the total area of the segments that represent the open sky within borders of the determined
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Figure 4
hemispheric
projection with four
sectors

Figure 5
the detailed
workﬂow

• In phase 3: the rays are generated from the
measurement point and the segments of the
sphere that represents the visible area of the
sky is determined, to obtain a list of these segments in the output C
• Phase 4: is the calculation of the SVF and the
SVFp as a summation of the total area and area
per sector, divided by the surface area of the
hemisphere.
• Phase 5: is to create the graphical representation of the hemisphere with north direction
and sectors.

The geometrical method
The following ﬁgure (Figure 6), shows the proposed
Grasshopper deﬁnition to calculate SVF using a geometrical method. The proposed algorithm is a literal application of the geometrical method principles
to calculate SVF. Each object visible to a measuring
point makes a solid angle that represents its visibility and intersects with the solid hemisphere that represents the point’s ﬁeld of view. The subtraction between them will deﬁne parts that blocked from and
open to sky. The inputs of this component are a
3D model that should be in BREPS but mesh can be

used and converted to BREPS in phase 1, while the
Buﬀer Zone represents the extent of the urban context around the measuring point and will be included
in the calculation. The radius of the hemisphere is the
last input and should be smaller than the distance to
the nearest object.
The main steps of this algorithm to calculate SVF
are visibility detection, SVF extraction and ﬁsheye image extraction.
Visibility detection. The visibility detection is used
to optimise the processing time needed to calculate
the SVF, by determining the object’s segments that
are really facing the measuring point. This is calculated through three phases.
• Phase 1: is to detect the objects in the buﬀer
zone, by calculating the distance between objects and the measuring point, and comparing
it with the ‘radius’ input. The result (A) is the
objects within the buﬀer zone.
• Phase 2: is to detect the objects’ segments
facing the point, by evaluating the smallest
planar angle between each segment’s normal
vector from it centre, and the vector from this
centre to the measuring point (ﬁgure 7). If this
angle is acute (i.e. less than 90°) then it is fac-
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Figure 6
the proposed
grasshopper
deﬁnition to
calculate SVF using
a geometrical
method
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Figure 7
The plans and rays
generated per
segment to
determine the
minimal angle
between the
vectors.

Figure 8
The circle of buﬀer
zone, and the
generated rays from
the measuring
point. The detected
facing segments are
in orange

Figure 9
The Visible areas C
in blue. the orange
ones are the
diﬀerence between
B and C.

ing the point; if it is not then it is not facing
the point (ﬁgure 8). Result (B) is the segments
facing the measuring points.
• Phase 3: the previous phase had some defects
in detection of the facing faces but it was a
suitable way of reduction (more than 50% of
the input objects’ segments). One of these errors occurs when an object is behind another.
The previous method detects that both objects are facing the point but the one in the
back is not actually visible. So, the former ray
method is employed to detect the segments
that are really visible (ﬁgure 8), by subdividing
these segments into points, and generate rays
from the measuring point to them. The result
(C) is the visible segments that ﬁrstly hit these
rays (ﬁgure 9).
SVF extraction. After identifying the segments visible to the measurement point, point extrusion is employed to generated viewing angles that look like
prisms that have the measurement point at their
head and the facing segments at their bases (Figure
10). Afterwards, solid-union is employed to combine
these prisms as one object. Then, it is subtracted
from the hemisphere generated in (D) (Figure 6). The
subtraction will result in the geometry (E), which is
the part of the hemisphere that represents the visible
area of the sky (Figure 11). The SVF is the surface area
of the resultant geometry (E) divided by the surface
area of the hemisphere.
Fisheye image extraction. Another output that can
be generated by this technique is the ﬁsheye image
- this is a ﬂat representation of the visible area of the
sky (Figure 12). Although this representation is not
accurate for calculating the real visible area of the sky,
some researchers prefer to use it. This technique offers a vector drawing for these images that can be
easily exported to AutoCAD or Illustrator and area
calculation will be more accurate compared to other
software based on image processing.
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(ﬁgure 13), where LSS Chronolux has been utilized
previously by other studies (Paramita et al. 2016;
Zwolinski & Jarzemski 2015). (Figure 14) shows the
scatter plots where the determination coeﬃcients
(R-Sq) between LSS Chronolux and both the components were 99.9%.

PROS AND CONS
Processing times for the geometrical method were
faster than for the ray method in the simple test
model (1 second compared to 30 seconds). However, once the geometrical method was tested in
a larger and more complicated scene the process
failed. This may because, in the ray method, the processing time depends on the number of rays generated from the measuring point whereas the geometrical method generates rays from the scene. In
other words, the details of the scene are controlling
the processing time and accuracy of the geometrical method, whereas the number of rays and sphere
segments are controlling the processing time in the
ray method. Another reason could be the quality of
the input model; some faces are doubled, overlapped
or unnecessary that make the considered input segments a substantial task to calculate. Finally, the ray
method and its proposed modiﬁcations are preferred
in calculating SVF in large urban environments despite its lower accuracy compared to the geometrical
method.

Figure 10
The viewing angles
represented as
prisms, showing the
measuring point at
the head and their
bases as the visible
segments.

Figure 11
the resultant
geometry of the
subtraction process

Figure 12
the ﬂat ﬁsheye
image
representation into
the test model

Figure 13
LSS Chronolux
simulation

The validity of components
The SVF values of the two components have been
validated against outputs from LSS ChronoluxSketchUP 2013 for eight points that were distributed
in an arbitrary way around the masses of a test model
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Figure 14
statistical validation
of the two
components
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