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ABSTRACT 
Sky obstruction refers to the sky obstruction caused by the surrounding buildings, trees and structures 
for an arbitrary point of community. A simplified algorithm for urban sky obstruction was presented in 
the paper. With the analytical method of inverse trigonometric functions used to calculate the elevation 
angle of obstruction in the algorithm, SVF, SAR became available. Automatic calculation of the 
algorithm was achieved by designing RH& GH parametric platform widget with scripting language. 
After comparative calculation based on ideal calculating examples, building group case and actual 
residential community cases, the simplified algorithm was verified to feature relatively high calculating 
accuracy and stability and able to meet the requirements of engineering design. For calculated SVF 
values, the RMSE≤ 0.04 and index of agreement ≥0.99; for calculated SAR values, the RMSE≤ 0.101 
and index of agreement ≥0.96. Compared with previous widgets and software, the simplified algorithm 
widget took shorter time in calculation while performed better in efficiency. The algorithm and widgets 
presented in the paper are able to give key technical supports to the assessments of architectural planning 
and design schemes, including urban microclimate, outdoor thermal comfort and building energy 
consumption. 
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INTRODUCTION 
Urban sky obstruction is defined as the sky obstruction by buildings, trees or other structures for any 
urban surface (Grimmond, Potter et al. 2001, Gal, Rzepa et al. 2007). Because of urban sky obstruction, 
urban surface receives short and long-wave radiations that different from those of suburb surface, which 
in turn affects its near-surface air temperature and heat island (UHI), mean radiation temperature (MRT) 
and pedestrian thermal comfort, as well as building heat gains and energy consumptions. Sky view 
factor (SVF) and shadow area ratio (SAR) are two key parameters for urban energy budget that 
determined by urban sky obstruction. It is of great significance in providing scientific reference and 
basis for evaluation and optimization of urban designs to predict SVF and SAR and forecast UHI, 
outdoor thermal comfort and building energy consumptions based on calculation of urban sky 
obstruction. 
For a 3D vector digital model (Gal, Lindberg et al. 2009), the algorithm for sky obstruction calculation 
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can be divided into two types: obstruction projection and obstruction angle. Hemispherical projection 
algorithm is an example of the former one, which calculates sky obstruction through isometric 
projection of obstructions on sky hemisphere (Watson and Johnson 1988). Based on this algorithm, 
Matzarakis et al. (Matzarakis and Matuschek 2011) developed the SkyHelios software to compute sky 
obstruction, and Autodesk Ecotect Analysis 2010 (ECOTECT) calculates the information related to sky 
obstruction via GECO plug-in and Rhino & Grasshopper (RH&GH) (Shi and Yang 2013, Amado and 
Poggi 2014).  
Obstruction angle algorithm (Oke 1988, Gal, Rzepa et al. 2007) divides sky hemisphere into a number 
of slices by using azimuth and elevation angles, and determines sky obstruction by calculating the 
obstructed elevation angle for each azimuth angle slice. Iterative geometrograph, such as ray trace 
method (Gal, Rzepa et al. 2007), is commonly used for this algorithm. Based on the obstruction angle 
algorithm, Oke (Oke 1988) proposed a theoretical formula for SVF in the case of ring obstruction as Eq. 
(1) shows, and Gal et al. (Gal, Rzepa et al. 2007) proposed a formula for arbitrary obstructions as Eq. 
(2) shows. 

cos                                             （1） 
cos 360⁄                                     （2） 

where,  and  represent azimuth and the obstructed elevation angle at the azimuth respectively, °. 
Based on Eq. (1) and (2), Wu et al. (WU, ZHANG et al. 2013) calculated SVF on the RH&GH platform 
by script programming. 
Taking a more accurate, stable and efficient calculation of urban sky obstruction at the early stage of 
urban designs as a goal, this paper plans to propose a simplified algorithm for urban sky obstruction and 
actualize it on a parametric design platform. We specifically aim to: 1) propose a simplified algorithm 
for urban sky obstruction based on the obstruction angle algorithm and the inverse trigonometric 
functions; 2) develop a plug-in on the RH&GH platform based on the simplified algorithm and achieve 
the automatic calculations of SVF and SAR for any parametric model of urban designs; and 3) testify 
accuracy, reliability and operation efficiency of the simplified method of urban sky obstruction with the 
ideal, building group and actual residential community cases. 

THE SIMPLIFIED CALCULATION METHOD 
This paper calculated urban sky obstruction based on the obstruction angle algorithm (Fig.1a). The 
obstruction between a urban surface and the sky hemisphere is expressed as two parameters (Gal, Rzepa 
et al. 2007) — azimuth  and the obstructed elevation angle at this azimuth . The azimuth equals 
0 ° for north and 90 ° for south, and the obstructed elevation angle equals 0° for no obstruction and 90° 
for total obstruction.  
1. CALCULATION OF URBAN SKY OBSTRUCTION 
The obstructions like buildings and trees are essentially complicated, and a simplification is hence 
introduced as that they are disassembled into a number of rectangular planes that are perpendicular to 
the ground (hereinafter called vertical plane). Taking a simple case for example (Fig.1b), the sky 
obstruction by a vertical plane is determined by counting the azimuths obstructed by the plane and the 
maximum obstructed elevation angle at each azimuth. 
1) Obstructions by a vertical plane 
Supposing that O ( , , ) is the calculating point,  ( , , ),  ( , , ),  ( , , ) and 

 ( , , ) are the vertexes for a vertical plane of obstruction, ( , , ) is an arbitrary point on 
the vertical line segment ,  ( , , ) is the projective point of  on the line segment  
(Fig.2b). The obstruction azimuth between obstruction plane ABCD and point O is ∠AOB, and the 
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relevant azimuths range between [ , ]. The sky obstruction by  is calculated by using the inverse 
trigonometric functions as Eq. (3) ~ (8): 

∆     1,2, … ,

tan
                           （3） 

∆
| |

                                              （4） 

tan                                           （5） 

tan                                  （6） 

sin                                （7） 

cos                 （8） 

where,  and  represent the azimuth and the obstructed elevation angle by , °;  and  
represent the azimuth and the obstructed elevation angle by , °; ∆  is an azimuth unit, °;  is the 
number of azimuth; OC denotes the distance between O and C, m;  is ∠OAB, °. 
 

 

  
a. Azimuth and obstructed elevation angle b. Obstructed elevation angle calculation 

Figure 1. Obstruction angle algorithm and inverse trigonometric functions 
 
2) Obstructions by multiple vertical planes 
For the more real case of multiple vertical planes, the sky obstruction by each vertical plane is first 
calculated, and then the obstructed elevation angle for each azimuth is determined as the maximum one 
in all planes. 
2. CALCULATION OF SOLAR POSITION 
The solar position at moment  is denoted as the solar azimuth  and the solar elevation angle 

. The equations for determining the angels are shown as below:  
. sin sin sin cos cos cos   （9） 

cos   （10） 

where,  is the latitude of calculation location, °;  is declination angle, °;  is solar hour angle, °. 
3. CALCULATION OF SVF and SAR 

,  are calculated based on the sky obstruction and the solar position by Eq. (11) ~ (13): 
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∑ cos 1 360⁄   （11） 

∑      （12） 

1,
0,

  （13） 

where,   is the solar obstruction at moment  . 0 represents no obstruction and 1 represents total 
obstruction;  is the obstructed elevation angle at azimuth , °;  and  are the start and 
end time of calculation, h. 
4. DEVELOPMENT OF THE PLUG-IN 
The calculation of urban sky obstruction was achieved by developing a plug-in on the RH&GH platform 
by using Python based on the simplified algorithm. The schematic and the program for the plug-in are 
shown in Fig.2. The program consists of three modules of obstruction, sun position and index 
calculations. The 3D parametric modules, including the building and plants modules, were integrated 
with the calculation modules to achieve the automatic calculation of urban sky obstruction. 
 

  
a. Schematic b. Program 

Figure 2. The plug-in of the simplified algorithm 

VALIDATION CASES 
The ideal, building group and actual residential community cases (Fig. 3) were designed in the present 
study to be calculated and compared with the theoretical calculation, numerical simulation and field test 
to test the computational performances of the simplified calculation method of urban sky obstruction. 
The ideal cases are hollow cylinders, with diameter of 20m and height of 1~100m, and the theoretical 
calculation results by Eq. (14) are taken as reference: 

⁄  （14） 
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a. Ideal cases 

 

b. Building group case 

 
c. Photo of A. 

 
d. Actual residential community A. 

 

e. Photo of B. 
 

f. Actual residential community B. 

Figure 3. The validation cases 
 
The building group case is a regular block, 200 m long and m wide, and the numerical simulation results 
by Ecotect are taken as reference. The SVF and SAR of the residential communities with high-rise and 
mid-rise buildings are tested by using the Hemiview canopy digital analytical system (Hale and Edwards 
2002) and compared with the simplified method results. The angle and time step used in various 
calculation methods for the cases are illustrated in Table1. 
 

Table 1. The setting of calculation methods 

Methods Angle step / ° 
Sun position 

Location Date  Time period Time step/ h 
Simplified 

method 
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Hemiview × =2×2 0.17 

RESULTS 
1. IDEAL CASES 
The computed result of SVF in ideal cases is shown in Fig.4a. The absolute difference is shown in Fig.4b. 
It can thus be seen that when the elevation angle of obstruction is computed, the trigonometric function 
analysis method adopted by the simplified algorithm has stable performance and a small absolute 
difference; the obstruction projection method adopted by Ecotect is affected by elevation angle division, 
so there are some fluctuations in the calculation result, and the absolute difference is relatively large. 
The computing time is shown in Tab.2. It can be seen from a comparison with the total time consumed 
that the total time taken by simplified algorithmic plug-in equals 0.03~0.23s, accounting for only 
0.1%~1% of the latter, so this method is faster and more efficient.   
 

       
a. The calculated value and reference value                      b. The absolute difference 

Figure 4. The calculation results of ideal examples 

 
Table 2. Computing time taken by different plug-in 

Polygon Simplified method / s 
GECO +ECOTECT /s 

Total time Model export calculation Result import 
50 0.03 1.90 0.58 0.98 0.34 

100 0.05 4.07 1.24 2.07 0.76 
200 0.09 15.41 4.85 7.79 2.77 
300 0.13 39.82 19.59 15.66 4.57 
400 0.18 75.59 43.51 24.40 7.67 
500 0.23 152.09 97.54 41.20 13.35 

 
2. BUILDING GROUP CASE 
The calculated result of SVF in the case is shown in Fig.5a. The calculation was made at 8:00~17:00 on 
the day of vernal equinox, summer solstice and winter solstice. 75 sets of SAR contrast data were 
obtained. SAR in row C is taken as an example for analysis (Fig.5b).  
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a. The calculated value and reference value（×10-2） 

  

b. The calculated value and reference value of C1-C5 c. The absolute difference 

Figure 5. The calculation results of architectural complex examples 

The absolute difference in SVF between different measuring points (MPs) is shown in Fig.5c. The MPs 
seeing a big absolute difference include C2-C4 and C3-E3, and the error value≤0.04. An analysis on the 
cause of the absolute difference in SVF indicates: first, the elevation angle of obstruction is calculated 
differently in both algorithms, with analysis method adopted by the simplified algorithm and obstruction 
projection method adopted by Ecotect; second, there is a difference in sky azimuth step between both 
algorithms, with it equal to 1° for the simplified algorithm and 2 ° for Ecotect. The MPs seeing a big 
absolute difference in SAR are B4, as well as D3 and E2, and the error value≤0.10. The reason for the 
error in SAR is the same as that for the error in SVF. In general, similar results can be obtained if the 
simplified algorithm and Ecotect are used to calculate the distribution of SVF and SAR in the building 
group case. 
3. ACTUAL RESIDENTIAL COMMUNITY CASES 
The calculated result of SVF in the case is shown in Fig.6. The calculation of SAR was made at 
8:00~17:00 on the day of summer solstice. 13 sets of SAR contrast data were adopted.  
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Figure 6. The calculation results of actual urban residential blocks 
 
It can be seen from a comparison between the absolute calculation differences that the maximum 
absolute difference in SVF appears at MP13, and the error value≤0.1; while the maximum absolute 
difference in SAR appears at MP11, and the error value≤0.2. The causes of difference are shown below: 
changes in the shape of roof truss were ignored while the simplified model was built; there was a 
difference between the simplified tree model and the natural tree form; the obstructions around the 
community were ignored in the simplified model. Generally speaking, the simplified model and 
algorithm-based calculation result is basically the same as the measured value, and has little error. 
4. ERROR ANALYSIS 
The calculations and analyses in Section 3.1~3.3 suggest that there are the 4 major reasons for simplified 
algorithmic errors: 1) The elevation angle of obstruction was calculated differently, since analysis 
method was adopted by the simplified algorithm and sky subdivision method by Ecotect and Hemiview; 
2) There was a difference in step length between the obstruction azimuths, with 1 ° for the simplified 
algorithm and 2 ° for Ecotect and Hemiview; 3) there was a difference in computing time step between 
solar obstructions, with 0.1h for the simplified algorithm, 0.25 h for Ecotect and 0.17 h for Hemiview; 
4) there was a difference in shape between the simplified model and the real environment: the simplified 
model was different from fisheye photos since it didn’t consider the architectural form and the 
obstruction caused by something around the residential blocks. 
To quantitatively assess the accuracy and reliability of the algorithms, this paper calculated the d value 
and RMSE. The calculation result is illustrated in Tab.3.  
For ideal case, compared with theoretical formula, the RMSE of SVF was equal to only 0.002, and d 
value was equal to 1 by the simplified algorithm, suggesting that the result of the simplified algorithm 
is highly consistent with that of the theoretical formula and better than that of Ecotect. For building 
group case, compared with Ecotect, the RMSE of SVF and SAR＜0.05, and d value ≥0.995 by the 
simplified algorithm, the error was small, and the results were similar to each other, suggesting that 
there is no difference between the simplified algorithm and Ecotect in calculation of the obstruction 
caused by buildings. For actual residential community cases, compared with the field measuring result, 
the RMSE of SVF and SARE≤0.101, and d value ≥0.956 by the simplified algorithm, the absolute error 
was somewhat larger, but the relative error was smaller, suggesting that the simplified algorithm and 
model could be used to calculate sky obstruction in residential blocks in accordance with the 
requirements of a certain accuracy. 
 

Table 3. The error analysis of the calculation 

No. Calculating 
examples Calc. Algorithm Ref. Algorithm Index Mean value RMSE d 

Value Calc. Ref. 
1 Ideal  Simplified method Theoretical formula SVF 0.35 0.35 0.002 1.000 
2 Ecotect Theoretical formula SVF 0.35 0.35 0.023 0.999 
3 Architectural 

complex 
Simplified method ECOTECT SVF 0.64 0.64 0.017 0.998 

4 Simplified method ECOTECT SAR 0.37 0.37 0.046 0.995 
5 Actual urban 

residential blocks 
Simplified method Measuring results SVF 0.43 0.42 0.039 0.990 

6 Simplified method Measuring results SAR 0.38 0.37 0.101 0.956 

CONCLUSIONS 
Based on obstruction angle algorithm and inverse trigonometric functions algorithm, this paper put 
forward a simplified algorithm for urban sky obstruction, and realized the automatic calculation of urban 
surface parameters such as SVF, SAR on parameterized platform Rhino & Grasshopper through script 
language programming. By comparative calculation of ideal case, building group case and actual 
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residential community cases, the paper proved that this simplified algorithm had high computational 
accuracy and stability for the calculation of urban sky obstruction, able to meet the requirements of 
engineering design. According to the calculation by this simplified algorithm, SVF’s RMSE≤0.04, and 
d valve≥0.99, while SAR’s RMSE0.101 and d valve≥0.96. Compared with the existing plug-ins and 
software, this simplified algorithmic plug-in is less time-consuming in calculations and has higher 
overall computational efficiency. The algorithm and plug-in presented in this paper could provide key 
technical support for the evaluation and optimization of a preliminary urban design program’s effect on 
urban microclimate, outdoor thermal comfort and building energy consumption. 
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