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Abstract 
According to the optimization of sunshine environment time, spacing and height of new 
residential buildings in Hangzhou, the optimization model is adopted to obtain the 
sunshine spacing coefficient of buildings under different layout and orientations, so as 
to obtain the relationship between adjacent buildings and building height.And further 
consider the meteorological factors and the temperature and wind direction data under 
different seasons, combined with the solar radiation analysis, to obtain the best 
orientation of residential buildings.This paper features the effective use of the 
optimization model, which better realizes the calculation of the sunshine spacing in 
different building orientation situations, with good practicability and high efficiency. 
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1. The Question of the Proposed 

For decades, Hangzhou's economy has always maintained rapid growth.With the growth of the 
economy, the shortage of land resources has also become a serious problem facing the urban 
construction.In order to make reasonable use of land resources, Hangzhou needs to comprehensively 
consider the relationship between building spacing and building height in the residential area 
construction, so as to improve the sunshine time, solar radiation rate and other factors, and make the 
best planning for it.This paper mainly takes Hangzhou as an example, according to the sunshine 
standards and the meteorological data of Hangzhou, make reasonable assumptions, establish 
mathematical models, optimize the sunshine environment of residential areas in Hangzhou, and solve 
the following problems: 

(1) When residences in Hangzhou are arranged in parallel and facing north and south, the minimum 
spacing between adjacent residential buildings and the height of residential buildings are established. 

(2) When residential buildings in Hangzhou are parallel and not directly north and south, the 
minimum spacing between residential buildings and the residential height are established. 

(3) When Hangzhou residential space is arranged in parallel, establish the minimum distance between 
adjacent residential buildings and residential height. 

(4) Establishes a mathematical model of the best building orientation in Hangzhou to realize the 
maximum solar radiation in winter and better avoid the west sun in summer. 

2. Problem Analysis 

In the existing meteorological data of Hangzhou, the main parameters are dry bulb temperature, 
relative humidity, moisture content, total radiation, etc.The database is primarily used to study the 
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correlation of meteorological humidity and solar radiation.Here, the data has been filtered out of 
irrelevant factors to meet the subsequent calculation requirements, which can be used directly. 

On question 1, the relationship between the minimum spacing and the residential height: 

Here, we establish a solar height model to calculate the minimum spacing between the adjacent 
residential buildings and the residential building height, and consider the residential buildings 
arranged in parallel and due south, so that the sunshine length reaches the standard.The sunshine 
standard of residential buildings in China is shown in Table 1. 

 

Table 1. Sunshine standards for residential buildings 

Climatic zoning of 

buildings 

Ⅰ, Ⅱ, Ⅲ, Ⅶ climatic Ⅳ climatic province 
Ⅴ, Ⅵ climatic 

province Big 

cities 

Small and medium-

sized cities 

Big 

cities 

Small and medium-

sized cities 

Sunshine standard 

day 
Great cold day The winter solstice 

Sunshine time(h) ≥2 ≥3 ≥1 

Effective sunshine 

time band(h) 
Local time (True solar time)8～16 Local time (True solar time)9～15 

Calculation of 

starting point 
Bottom sill surface 

 

Hangzhou belongs to a big climate city, the residential building requires that the effective sunshine 
hours should be greater than or equal to 2 hours.Take two adjacent residential buildings parallel to 
each other and facing directly south as an example, the hours when the sun can illuminate the bottom 
floor of the house at 8-16:00 on the Great Cold day should be greater than 2 hours, and the relatively 
small sunshine spacing is from about 11 to 13:00, and the house bottom floor can receive the 
light.Question 1 is an optimization problem [1], which requires the dynamic change of building 
minimum sunshine spacing and residential building height [2].Therefore, we established a solar 
height model at the midday period of Great Cold Day to meet the requirements of sunshine 
duration.Taking the length of sunshine as the decision variable, the equation is established and 
brought into the local data, which shows that the relationship between the minimum spacing of the 

building and the building height is d =
’

[ ( )]
 , and the optimal 

relationship between the building spacing and the height is d=1.2h. 

On question 2, the relationship between the minimum spacing and residential buildings in parallel 
and not north and south: 

In problem 2, combined with problem 1 sunshine spacing and the relation between the building height, 
parallel but their quest to establish a minimum distance under the different azimuth of adjacent 
buildings and the relationship between the height, also belong to the optimization problem, because 
income equation coefficient only is different, we will be divided into six categories, namely, SBW 
15 °, 30 °, 45 °, 60 °, 75 °, is what direction, In this paper, according to the rod shadow principle, 
namely, from the rod height H and the projection plane, the shadow length generated by the sun in 
different time periods is calculated [3], and the minimum height of the building is assumed to be 
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19.8m, which satisfies d=1.2h at 0-15°. At 15°-30°, d=0.9*1.2h; At 30°-45°, d=0.8*1.2h; Above 45°, 
d=0.9*1.2h. 

On question 3, the analysis of the relationship between building minimum spacing and residential 
height under the non-parallel layout of residential buildings: 

In question 3, the relationship between sunshine spacing and residential height is considered in the 
case of non-parallel layout of housing buildings. Therefore, it is necessary to consider the rotation of 
0-30° or 30° on one side of the house on the basis of the original parallel arrangement [4]. The solar 
ray is approximately regarded as a cone shape, and a single point cone model is established. Any 
single point is taken as a mathematical model blocked by rectangular buildings, so as to obtain the 
effective sunshine time of any point on the earth in any day.Simplify the problem demand when the 
sun is the farthest from the house, that is, the sunshine demand of the building, get ω1 =

sin
√

,ω2 = sin
√

. Then, the surface of the building is divided 

into M occlusion strips on average. Assuming N house Windows, under the constraint of sunshine 
time, it can be solved that 0-30° to the west of the sheltered building meets d=1.2h, and d=1.0h above 
30° to the west of the sheltered building meets d=1.0h. Shielding buildings from 0 to 30° south east 
meets d=1.2h, shielding buildings from 30° south east meets d =1.0h. 

On question 4, comprehensively consider the analysis of the best orientation of Hangzhou architecture: 

Hangzhou is located in the region south of The Qinling-Huaihai, belonging to the subtropical 
monsoon climate, cold and dry winter, the dominant wind is northwest wind, hot and rainy summer, 
the dominant wind is southeast wind. In order to make the local architecture can meet the demand of 
sunshine of 2 h, home to follow the rules of sits, among them, in order to ensure the building 
ventilation and temperature suitability requirements, such as building towards should try to avoid 
leading the direction of the wind in winter, when building the parallel arrangement, toward the 
dominant wind direction in summer and incident Angle is less than 45 ° direction, when building 
parallel arrangement, want to avoid is the dominant wind direction in summer, The incidence Angle 
with the dominant wind in summer is between 30°-60°. According to the highest temperature in 
summer at about 12:00 noon in August, the sun orientation at this time is roughly located in the 
southwest direction, so the building orientation in the southwest direction may lead to severe western 
sun exposure. Considering the intersection of the above orientation angles, it can be obtained that the 
optimal orientation of Hangzhou is within 15° south by east, and the appropriate orientation is within 
30° south by east, and the northwest direction should be avoided as far as possible. 

3. Establish and Solving the Model 

3.1 The Establishment and Solution of Model I(Solar Height Model) 

3.1.1 Model Specification 

The solar height model [5]is based on the relationship of building height, spacing, geographical 
latitude, solar declination Angle and hour Angle according to the different solar height angles at noon 
on the Great Cold day. The geographical latitude data has been given, and the solar declination Angle 
and hour Angle can be calculated according to the formula. Then it is estimated that the acceptable 
range of the shadow range of solar rays on the blocked building (i.e. the blocked area) is [0.5, 3.5]. 
After substituting the above relationship, the relationship between the minimum spacing of houses 
and the height of the building is obtained. 

3.1.2 Model Preparation 

In order to ensure that the daily sunshine hours in Hangzhou reach the standard, it is necessary to 
select the major cold day with the least sunshine in a year for calculation. According to the search 
data, it can be found that the major cold day is around January 20. This model needs the data of solar 
altitude Angle, hour Angle, declination Angle and so on, and can be obtained by searching the data: 

Solar altitude Angle: sin α = sin φ sin δ + cos φ cos δ cos ω. 
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Solar declination Angle: δ = 23.45 sin
( )

. 

Hour Angle: ω = 15(ts − 12). 

3.1.3 Model Establishment and Solution 

 
Figure 1. Sunlight directly hitting the ground 

 

 
Figure 2. Sunlight moving onto the building 

 

The sun at noon is selected to build a building model, in which the shielding building is located in the 
south of the shielding building. 

In order to ensure the daily lighting of the house, that is, the house can receive natural light at noon 
on the day of major cold, as shown in Figure 1,solution: Rt △ CDM is available, 

 

d=                                   (1) 

 

Data shows that the height angle of the sun satisfies the relation: 

 

 sin α = sin δ sin φ + cos δ cos φ cos ω                    (2) 

 

According to formula (1) and (2): 

 

 d=
 [ ( )]

                     (3) 

 

This is the expression of the relationship between building height, spacing and sun altitude Angle. 

Under actual conditions, the ground floor of the house is about 0.5m to 1m high. Under the condition 
that the Windows are large enough, the maximum acceptable L can reach 3.5m. Rt△CPP 'can be 
obtained as shown in Figure 2: 

 

dmin =                                   (4) 
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For example, ignoring eaves occlusion and other problems, let h=L, and substitute (2) into (4) to solve 
the 𝑑  relationship: 

 

dmin =
’

[ ( )]
                   (5) 

 

Among them, φ = 30.23°, δ = 23.45 sin
( )

≈ 2.1388. 

∴sin δ = 0.0373. 

Combined with "Hangzhou City Planning management Technical Regulations", it can be concluded 
that d =1.2h. 

3.2 The Establishment and Solution of Model II (Solar Shadow Coefficient Model) 

3.2.1 Model Specification 

The solar shadow coefficient model converts the time point of direct sunlight at noon in Hangzhou, 
and takes the effective sunshine time of 8:00 and 16:00 (the weakest sunshine) 12:00 (the sunlight is 
the most intense) the solar declination Angle and height Angle are obtained, which are divided into 
six directions when considering the orientation of the building. The shadow length formed by the 
solar projection in different time periods is obtained according to the height of the building and the 
solar projection, and the sunshine spacing coefficient different from the north-south direction is 
obtained, so as to draw the conclusion. 

3.2.2 Model Preparation 

Calculation of local time: true solar time and solar time are defined by the hour Angle, and the hour 
Angle is measured from the meridian. For places with different geographical longitude circles on the 
ground, their meridian circles are different, so the time is different. Therefore, the time determined 
based on the local meridian is called local time [6]. 

The conversion relationship between precise local and standard time is as follows: 

 

To = Tn + 4(Lo − Ln) + Ep                        (6) 

 

among them: 

To is standard time (China's standard time to 120 degrees East longitude as the standard of Beijing 
time). 

Tn is local time. 

Lo is the longitude of the meridian of standard time. 

Ln is the longitude of the local meridian. 

Ep is standard time. 

However, considering Lo=120° and Ln=120.17°, the error is small and can be ignored. That is, the 
direct sunlight in Hangzhou at noon is Tn= 12:00 in Beijing time, and the effective sunshine time in 
Hangzhou[7]  is 8:00-16:00, T1= 8:00, T2= 12:00, T3= 16:00. Beijing time 12 o 'clock is the median 
irradiation, take as Angle zero, rotate 15 degrees per hour, then:ω1 = 60°, ω2 = 0°, ω3 = 60°. 

The following calculation formula is used to find the data: 

Solar altitude Angle: 

 

sin α = sin φ sin δ + cos φ cos δ cos ω                     (7) 
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Solar azimuth: 

 

sin A =                             (8) 

 

Solar declination Angle: 

 

δ = 23.45 sin
( )

                       (9) 

 

Hour Angle: 

 

ω = 15(ts − 12)                         (10) 

 

Hangzhou is located at 120.17° E and 30.23° N,φ = 30.23°. 

3.2.3 Model Establishment and Solution 

When studying the influence of building orientation factors on the determinant housing [8], we 
analyzed the layout of residential building model in accordance with certain Angle changes [9], and 
respectively selected the six cases of orientation of 15°, 30°, 45°, 60°, 75° and east-west respectively 
for discussion.According to the data prepared by the model, it can be obtained from (9) that the solar 

declination Angle is δ = 23.45 sin
( )

≈ 2.1388°. 

By the(7): α = sin (sin φ sin δ + cos φ cos δ cos ω). 

The solar height angle in the three time periods: 

 

α1 = α3 ≈ 26.776°, tan α1 = 0.505 

α2 ≈ 61.909°, tan α2 = 1.874 

 

According to the bar shadow principle, namely, the length of the shadow generated by the sun in  

different time periods is calculated from the bar height H and the projection plane. We assume that 
the minimum height of the building is h, which can be obtained from the solar altitude Angle of "noon 
time" in Hangzhou on the day of major Cold: 

 

d1 = d3 =
h

tan α1
=

h

0.505
 

d2 =
h

tan α2
=

h

1.874
 

tan α = 0.5 × (tan α1 + tan α2) ≈ 1.1895 

d =
h

tan α
=

h

1.1895
 

 

When the housing deviation occurs, the relationship between building height and spacing changes 
accordingly. The following figure can be obtained by substituting the deviation Angle with Hangzhou 
Urban Planning Management Technical Regulations: 

 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0087

 

705 

d=1.2h d=1.2h 

d=0.9*1.2h d=0.8*1.2h 

d=0.9*1.2h d=0.9*1.2h 

d=0.9*1.2h 

Figure 3. Relationship between building height and spacing at different deflection angles 

3.3 The Establishment and Solution of Model III (Single Point Sunshine Cone Model) 

3.3.1 Model Specification 

The conical model of single point of sunshine is to establish a mathematical model of any single point 
blocked by rectangular buildings. So from any point on the earth, you can figure out how much 
daylight is available at that point on any given day. In order to make it meet the lighting needs of the 
building, only when the sun is furthest from the house (i.e., on the day of major cold) to meet the 
sunshine is no less than 2 hours. Based on the parallel arrangement of buildings, the relationship 

residence 

Sheltered (contains) 

(contains) (contains) 

(contains) 
(contains) 

(contains) 
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between building height and spacing to meet the demand of sunshine under different deflection angles 
is considered with 0-30° or more unilateral deflection Angle. 

3.3.2 Model Preparation 

A three-dimensional coordinate system was established on the ground plane, with x axis pointing due 
east on the ground plane, y axis pointing due south on the ground plane, and z axis pointing vertically 
upward on the ground plane. 

3.3.3 Model Establishment and Solution 

 
Figure 4. Conical model of single point sunshine can be viewed 

 

A three-dimensional coordinate system was established, with x axis pointing due east on the ground 
plane, Y axis pointing due south, and Z axis pointing upwards on the vertical ground plane. The 
equation of the cone surface of sunshine was obtained: 

 

                     (11) 

 

L---Is the distance between the observation point and the point on the cone of sunshine. 

In the process of the sun rising in the east and setting in the west, the height Angle of the sun rays 
reaches its maximum value at local noon and is 0 at sunrise and sunset, while the rest of the time 
changes continuously between the maximum value and 0. The value range of the sun's height Angle 
and azimuth Angle can be obtained as follows: 

Solar altitude Angle α ∈ [0°, 90°], Solar azimuth A ∈ [−180°, 180°]. 

According to model II (12,13) and Model III(11), it can be concluded that: 

 

        (12) 

 

In this case, it is assumed that the building is a regular rectangular building. Each wall of this building 
is regarded as a plane, and then each plane is divided into a number of spatial straight lines, so as long 
as we know the length, width and height of the shelter, we can get its equation in space, and then 
combine the conical surface equation to get the intersection of these lines and the cone. According to 
the position of the intersection point and observation point, the corresponding azimuth Angle of the 
intersection point can be calculated, that is, the azimuth Angle of the sun passing through the point, 
and then the solar height Angle and true solar time can be obtained through calculation, and then the 
sunshine time and sequence of the point can be obtained through the inverse trigonometric function. 

Unit: hour 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0087

 

707 

i.The line is perpendicular to the XOY plane: 

 

 
 

Substitute in (12) to obtain, 

 

L = (a − xo)/ cos δ sin ω                      (13) 

 

L = cos φ(b − yo)/(sin φ sin δ + sin φ cos φ cos δ cos ω − sin δ)        (14) 

 

From (13) and (14), it can be obtained: 

 

(a − xo)/ cos δ sin ω = cos φ(b − yo)/(sin φ sin δ + sin φ cos φ cos δ cos ω − sin δ) (15) 

 
 

Substitute in(15), get:M = N sin ω + p cos ω. 

By sin ω + cos ω = 1 resolve:sin ω =
± √

. 

Therefore, ω1 = sin
√

;  ω2 = sin
√

. 

ii.The line is perpendicular to the XOZ plane. 

 

 
 

Substitute in (12) to obtain, 

 

L = (a − xo)/ cos δ sin ω                        (16) 

 

L = (b − zo)/(sin φ sin δ + cos φ cos δ cos ω)                (17) 

 

By (16) (17): (a − xo)(sin φ sin δ + cos φ cos δ cos ω) = (b − zo) cos δ sin ω. 

At the same time to: 

 

 
 

Can solve: ω1 = sin
√

;  ω2 = sin
√

. 



International Core Journal of Engineering Volume 8 Issue 3, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202203_8(3).0087

 

708 

iii.The line is perpendicular to the YOZ plane. 

 

 
 

Substitute in (12) to obtain, 

 

L = cos φ(a − yo)(sin φ sin δ + sin φ cos φ cos δ cos ω − sin δ)       (18) 

 

L = (b − zo)/(sin φ sin δ + cos φ cos δ cos ω)           (19) 

 

By the (18) (19): 

 
(a − yo)(sin φ sin δ + cos φ cos δ cos ω)

= (b − zo)(sin φ sin δ + sin φ cos φ cos δ cos ω − sin δ) 

 

At the same time to: 

 

 
 

Can solve: ω1 = cos ;  ω2 = − cos  

iv.Arbitrary line in space. 

Linear equation: 

 

                        (20) 

 

(20)substitute for(12): 

 

L = [yo − y1 − b(x0 − x1)/a]
/[b cos δ sin ω − (sin sin δ + sin φ cos φ cos δ cos ω − sin δ)/ cos φ] 

L = [zo − z1 − c(xo − x1)]/(c cos δ sin ω − sin φ sin δ − cos φ cos δ cos ω) 

 

Mean: [zo − z1 − c(xo − x1)]/(c cos δ sin ω − sin φ sin δ − cos φ cos δ cos ω) = [yo − y1 −
b(xo − x1)/a]/[b cos δ sin ω − (sin φ sin δ + sin φ cos φ cos δ cos ω − sin δ)/ cos φ]. 

At the same time to: 
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Can solve: ω1 = sin
√

 ; ω2 = sin
√

 

When the housing deviation occurs, the relationship between building height and spacing changes 
accordingly. The following figure can be obtained by substituting the deviation Angle with Hangzhou 
Urban Planning Management Technical Regulations: 

 

d=1.2h d=1.0h 

d=1.2h d=1.0h 

Figure 5. Relationship between building height and spacing under non-parallel distribution 

3.4 The Establishment and Solution of Model IV 

3.4.1 Model Specification 

According to the data of the previous three questions, the orientation range of the house that can 
achieve 2h sunshine was determined. Then, the orientation of the sun was calculated according to the 
period of direct sunlight at the highest temperature in summer to determine the direction range that 
may lead to severe western sun exposure of the house [10]. Then, considering temperature, humidity 
and other climate factors for housing housing demand to determine the range of housing orientation. 
The above ranges are combined to obtain the optimal orientation of the house. 

3.4.2 Model Preparation 

According to the first three questions, the orientation of the house that can meet 2h sunshine is north 
facing south. According to the data, in order to realize reasonable ventilation of the house, the 
dominant wind direction should be avoided in winter. When the house is not arranged in parallel, the 
Angle of incidence with the dominant wind direction in summer should be less than 45°. When the 
houses are arranged in parallel, the incidence Angle between the orientation and the summer dominant 
wind should be between 30° and 60°, so as to avoid facing the summer dominant wind. 

3.4.3 Model Establishment and Solution 

Hangzhou is located in the south of the Qinling-Huaihai line and has a subtropical monsoon climate. 
The characteristics are: high temperature and rainy summer, prevailing southeast wind direction; 
Winter cold and dry, prevailing northwest wind. The analysis of the optimal orientation of the house 
needs to consider the constraints of lighting, heat collection and ventilation [11]. According to the 

Sheltered Sheltered 

contain 

residence 
residence 

contain 
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model of the first three questions, it can be concluded that the house building facing south can well 
meet the demand of 2h sunshine. Meanwhile, in order to avoid western sun exposure, it is necessary 
to comprehensively consider the sunshine time and sunshine area on the building wall and the heat 
received by the solar radiation on the wall. 

 

 
Figure 6. Statistical chart of monthly total radiation in Hangzhou 

 

 
Figure 7. Line chart of daily radiation in Hangzhou in August 

 

According to the above data, the sunshine duration is short but the irradiation area is large on major 
Cold day, and the sunshine duration is long but the irradiation area is small on summer solstice day, 
as shown in Figure 8 and Figure 9: 
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Figure 8. Area of sunlight on the summer solstice can be viewed 

 

 
Figure 9. Solar radiation area on winter Solstice can be viewed 

 

In order to meet the demand of building ventilation, find information available house toward the 
winter to avoid the dominant wind direction, to prevent the indoor temperature is too cold, the parallel 
arrangement of the house toward the dominant wind direction Angle of incidence with summer in 
less than 45 ° direction, and parallel arrangement of the building to try to avoid is the dominant wind 
direction in summer, and summer dominated the wind attack Angle between 30 ° to 60 °, This creates 
natural ventilation. 

 

 
Figure 10. Building orientation range diagram 
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Figure 11. Range of building orientation after constraint 

 

The room facing north is easy to be directly exposed to the sun in summer, and the prevailing 
southeast wind cannot enter the room through the window in summer, so the indoor ventilation is not 
smooth, the temperature is high and sultry, and the sunshine can hardly be seen in winter. The 
prevailing northwest wind is easy to enter the room in winter, which makes people feel damp and 
cold, leading to the lack of comfort. 

 

 
Figure 12. Monthly average dry bulb temperature in Hangzhou 

 

It can be seen from Figure 12 that the highest summer temperature in Hangzhou occurs in August, 
and the direct sunlight at noon is around 12:00, when the sun is oriented toward the southwest. 
Therefore, the orientation of buildings should be avoided as far as possible to avoid serious western 
sun exposure. 
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Figure 13. Sun movement around the building in summer and winter 

 

Rooms facing east and west have half a day of direct sunlight through the Windows throughout the 
year. In winter, a lot of sunlight entering the house is beneficial; In summer, a large amount of sunlight 
entering the room will lead to a higher indoor temperature than outdoor, especially in the west room. 
In the second half of the day when the temperature is higher, the direct sunlight will cause the indoor 
temperature to rise rapidly, resulting in serious western sun exposure. 

From the above analysis, it can be seen that the optimal orientation of houses in Hangzhou is within 
15° by east of south, the appropriate orientation is within due south and 30° by east of south, and the 
northwest direction should be avoided as far as possible. 

4. Model Sensitivity Analysis or Error Analysis 

Table 2. Sensitivity analysis data 

Hour Angle Building Height Height of the lowest floor of the building minimum spacing 

-30° 23 0.8 22.27 

-15° 25 0.8 19.10 

0° 

15° 

30° 

45° 

60° 

33 

30 

30 

30 

30 

0.8 

0.8 

0.8 

0.8 

0.8 

23.15 

23.05 

29.29 

41.01 

64.04 

 

In the model I, it was assumed that forecast building bottom height is 0.8 m, setting up the Angle of 
30 °, 15 °, 0 °, 15 °, 30 °, 45 °, 60 °, respectively, under the condition of high forecast floor 23 m, 25 
m, 33 m, 30 m and 30 m and 30 m and 30 m. 

When building phase at the same time, in the case of no Angle at the same time, the calculated floor 
spacing minimum value is 23.05 m, 29.29 m, 41.01 m, 64.04 m, can draw with Angle increases, the 
spacing between the difference will be more and more big, the Angle from 0 ° to 30 °, floor spacing 
relative difference is not obvious. 

When the time Angle is 15° and the building height is 25m and 30m respectively, the minimum 
distance between buildings is calculated as 19.10m and 23.05m respectively. When the time Angle is 
30°, and the building height is 23m and 30m, the minimum floor spacing is 22.27m and 29.29m, 
respectively. It can be concluded that at the same time Angle, the greater the height gap, the greater 
the minimum spacing difference. 

House 

Summer Winter 

East West 

South 

North 
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Therefore, when the hour Angle is 0-30°, the smaller the height gap is, the smaller the minimum 
spacing difference is. When the hour Angle is >30°, the greater the height difference, the greater the 
minimum spacing difference. 

The higher the sensitivity, the stronger the stability of the model. 

5. Conclusion 

The key to the optimal design of residential sunshine environment is to grasp the variation trend 
function of sunshine duration under the influence of various factors, and construct the variation curve 
of sunshine duration by considering the arrangement, orientation, spacing and building height 
variables of different buildings. The relevant knowledge, formula and data of geographical sunshine 
used in the model adopted in this paper have been concluded from astronomy. In addition, 
programming and formula method are used in this paper to solve the problem in parallel, and the two 
methods are verified against each other. Therefore, the results obtained in terms of sunshine duration 
are relatively accurate. To improve the precision of the model, the solution of the actual area 
surrounding can further consider when building to the barrier effect of community construction and 
the construction of each layer ventilation, noise and other factors, and the optimized sunshine, under 
the condition of considering building density, population density and building plot ratio, so that the 
model has more practical value. The models in this paper are the relationship models between the 
minimum sunshine interval and the building height established under different orientations and 
layouts of buildings, which can be extended and applied to other aspects of real life to enhance the 
significance of mathematical modeling. 
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