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ABSTRACT 

This paper describes a replicable process of design 

solutions to problems of excessive direct glare in 

buildings. First, glare is evaluated using HDR image 

technique. Second, a Radiance model of the building 

is calibrated using the HDR images. Finally, 

proposed shading strategies are evaluated using the 

calibrated model and DIVA annual simulation of 

glare. A case study using a recently completed 

building with severe glare problems provides a 

demonstration of the method. Three potential shading 

strategies are evaluated: brise soleil, venetian blind 

and mechoshade. The ability of each to reduce glare 

is discussed and a solution is proposed. 

INTRODUCTION AND OBJECTIVES 

A well-designed daylit space should satisfy both 

quantitative and qualitative respects. The former one 

refers to a space with sufficient illuminance ratios on 

working planes in even distribution; the latter one is 

related to a comfortably visual environment for 

occupants. In order to reach this goal, shading device 

is usually implemented to block direct sunlight and 

reflect parts of it to the rear space. With the absence 

of shading device, a space may have a risk of severe 

glare. The popularity of glass curtain wall in modern 

buildings has led to many situations of severe glare. 

In this paper, the more serious glare issues come 

from a huge curtain wall in winter with low sun 

angles. Under this situation, the authors combine the 

method of physically analysing glare by using High 

Dynamic Range (HDR) images with the available 

simulation tools of estimating glare. The application 

of these tools allow analysis of solar control 

strategies to effectively reduce the glare in the space. 

A recently completed hospital located in Milwaukee 

(43.1◦N, -87.8◦W), USA, has severe glare in its two-

story entry lobby and patient commons. The facility 

is located on a bluff overlooking Lake Michigan, and 

the lobby and common space is enclosed by a two-

story curtain wall. The lobby is a congregation spot 

to welcome patients, to ask information, and to direct 

patients to the appropriate waiting area in the 

commons, the plan is illustrated in Figure 1. The 

lobby is an 18.3m by 14.8m rectangle facing 

southeast. The waiting area is 104.3m along east-

west direction by 9.4m along north-south direction 

with glazing facing south and southwest. The ceiling 

is 11.6m high with two four-floor height sections 

reaching 21.3m. With the tall curtain wall facing 

southeast, south and southwest, the common presents 

the occupants with direct sunlight and serious glare 

problems, especially in winter with low sun angles. 

Movable partitions have been added and moved 

around by staff throughout an entire day to 

temporarily block direct sunlight (Figure 2 a and b). 

A shading strategy is desired to reduce glare and 

provide both staff and patients a visually comfortable 

environment.  

There are a number of studies illustrating the 

effectiveness of shading strategies with regard to 

illumination and luminance levels and energy 

impacts. There are few studies concerning 

daylighting performance in terms of combination of 

static and dynamic glare. Since this paper is primarily 

a response to the reduction of glare, other criteria 

concerning thermal environment or energy 

consumption is beyond the scope of this paper. 

METHODOLOGY 

The method consists of three steps. First, the existing 

luminous environment is evaluated using HDR image 

technique. Second, the Radiance model is compared 

with HDR image to determine the efficacy of the 

Figure 1: Hospital layout of the first floor 

  

Figure 2: Movable partitions as shading device 
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Radiance model as a simulation evaluation tool. 

Third, the Radiance model is used to evaluate three 

shading strategies in a combination of static 

luminance maps and dynamic glare simulation.   

Evaluation of the Existing Luminous 

Environment 

The first step utilizes HDR image technique to 

collect daylighting data. Different from the 

traditional lighting meters that offer single quantities, 

the High Dynamic Range photography (Debevec & 

Malik, 1997) (Reinhard, et al., 2005) is able to 

provide the luminance ratios of an entire view. HDR 

image refers to the technique of taking multiple 

exposure photographs to record the wide luminance 

variation within a space. Being validated by Inanici 

(Inanici, 2006), it has been widely used in lighting 

research. In order to cover the lighting environment 

of the common, nine views (chosen from the staff 

and patients’ perspectives) are selected for taking the 

HDR images under both sunny and overcast days. 

The data is collected with a Cannon EOS 5D Mark II 

and a fisheye lens (Sigma 8mm F3.5 EXDG). For 

each scene, the multiple images are taken with the 

aperture size of 5.6 and varying shutter speed. Figure 

3 illustrates the positions and directions of these nine 

views. A representative group of images were taken 

on the sunny day, November 10, 2013, and the 

overcast day, January 5, 2014.  

Simulation Comparison 

The second step involves rendering each scene under 

both sunny and overcast skies. The hospital model is 

constructed in Rhinoceros3D and the Radiance 

renderings are calculated in DIVA. DIVA (Design 

Iterate Validate Adapt) is a plugin for Rhinoceros3D 

which lighting and energy consumption simulation 

(Jakubiec & Reinhart, 2011). The reason of choosing 

DIVA-for-Rhino is threefold. First, DIVA is built on 

Radiance (Ward & Shakespeare, 1997), a powerfully 

accurate lighting software with a number of 

independent validation studies (Grynberg, 1998 and 

Mardaljevic, 1997). Second, DIVA provides both the 

static and dynamic calculations with the annual glare 

analysis. Third, with a simple user interface, DIVA is 

easy for architects and researchers to learn quickly.  

The comparison between the simulation and the HDR 

images uses Daylight Glare Probability (DGP). DGP 

is the method developed and validated by Wienold 

and Christoffersen (2006) to estimate the probability 

of glare in a view. DGP is so far the most robust 

glare index with the consistent performance to reveal 

levels of glare in a view (Jakubiec & Reinhart, 2012). 

Evalglare (Wienold, 2012) is the tool used to 

calculate DGP glare index of a scene. There are three 

methods of glare calculation: predetermined absolute 

luminance threshold (DGP3000), scene based mean 

luminance threshold (DGP7x), and task based mean 

luminance threshold (DGP5x) (Van Den 

Wymelenberg, Inanici, & Johnson, 2010). Although 

it is simple to compare the luminance at each pixel of 

the simulation and the HDR images, given that 

deviation can possibly happen on any step, it is not 

realistic nor useful to expect the exact match between 

them (Rushmeier, Ward, Piatko, Sanders, & Rust, 

1995). Since this research is glare orientated, with the 

consistency of reflecting glare and connection 

between quantitative and qualitative defining glare, 

DGP is chosen as the indicator of glare for both HDR 

images and simulation.  

Shading Devices Application and Evaluation 

There are three general orientations of the glazing: 

unshaded southeast facing curtain wall, southwest 

facing curtain wall with shading from floor above 

and south facing curtain wall with overhang shading 

from floor above. In addition, there are two thin tall 

sections of south facing curtain wall shaded by 

sidewalls of the building.  Figure 4 illustrates the two 

south curtain wall conditions in section view. Two 

strategies are applied: strategy one employs 

horizontal brise soleil for south and mechoshade for 

southeast and southwest orientations; strategy two 

employs venetian blinds for the whole curtain wall. 

Because of the low sun angles in winter, horizontal 

brise soleil will not perform as well to southeast or 

southwest, so mechoshade system and venetian blind 

systems are used. The southern glazing has columns 

outside and the third and fourth floors projected out, 

where external shading devices can be mounted. The 

three types of shading devices are applied externally 

or internally and illustrated in Figure 5.  

In Table 1 the different configurations are presented. 

In order to coordinate the curtain wall, the position of 

brise soleil is aligned with the glazing mullions, with 

the width and placement as the variables. One 

                                                                                                                                                 

Figure 3: The view selection in the common                       Figure 4 a & b: Sections for the common  
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distance between the brise soleil and the curtain wall 

is 0.3m. The group number and dimension of the 

brise soleil are in Table 2. The other is when the brise 

soleil aligned with the exterior wall of the third and 

fourth floors. Venetian blinds have the tilt angle as 

the variable with 76mm width and 76mm spacing 

between. Mechoshade system has the openness and 

preset positions as the variables. The material 

characteristics are given in Table 3. This study 

chooses 0.5 as a middle representative reflectance 

value for these shading devices. The annual glare 

(Wienold, Dynamic daylight glare evaluation, 2009) 

for each shading device with the variables listed is 

calculated.  

RESULTS 

Data Collection and Comparison 

After processing the vignetting correction and 

calibration of the HDR images, DGP values are 

calculated. Meanwhile, the same scenes are created 

in the Rhinoceros3D model for rendering at the same 

time and sky condition. The DGP values of the 

simulations are also estimated and compared with 

those from the HDR images. In Table 4, the DGP3000 

and DGP7X values are listed and color-coded in 

reference to intolerable (DGP>=0.45), disturbing 

(0.45>DGP>=0.4), perceptible (0.4>DGP>=0.35), 

and imperceptible glare (DGP<0.35). The analysis of 

the HDR images demonstrates that on sunny days 

(HDRSD and SIMSD), all the nine views have 

serious glare issues falling into the intolerable 

category; yet, on overcast days (HDROD and 

SIMOD) the lighting environment is very 

comfortable. The difference between sunny and 

overcast days illustrates the source of serious glare: 

the existence of direct sunlight.  

A paired comparison design (Box, Hunter, & Hunter, 

2005) is run for both representative sunny and 

overcast situations between the DGP values of the 

HDR images and 3D model renderings. Table 4 lists 

the t-test values for the representative sunny and 

overcast days. With n=9, df=8, and a critical value of 

t(8)=3.355 for a two-tailed test with α=.01, any t 

statistic below 3.355 fails to prove that the two 

groups of statistics are significantly different. None 

of the t values higher than 3.355 means that the DGP 

values of the HDR images and simulation are 

comparable.  

Table 4 also includes one representative DGP values. 

Generally speaking, the DGP values of HDR images 

are higher than those of the renderings. The results 

indicate that eight of nine views on the sunny day 

have DGP values falling into the same category of 

intolerable glare, along with seven of the nine views 

on the overcast day falling into the same value of 

imperceptible glare. The only one exception on the 

sunny day is scene eight with small difference. For 

the overcast situation, the different values for scene 

one and seven are larger, which leads to higher t 

values.  

Figure 6 compares the HDR images and simulations 

for scene eight. The falsecolor images show 

comparable luminance distribution and the casting 

shadow between them. The comparable DGP results 

of the HDR images and simulations indicate that 

simulation can represent the real lighting 

environment for glare analysis; and the calculation 

should focus on sunny days with direct sunlight.  

           Table 1: Variables and values for three 

strategies  

SHADING 

DEVICE 

ORIENTATION VARIABLE 

Brise soleil South Width (m):  

1.2,  1.8,  2.4,  

3.0 

Venetian 

blinds 

South, Southeast 

and Southwest 

Tilt angle:  

0o, 15o, 30o, 

45o, 60o 

Mechoshade Southeast and 

Southwest 

Position:  

50%, 75%, 

100% 

Openness:  

1%, 3%, 5% 

                                                                                                                                         

             

Table 2: Building surface reflection and transmission specifications 

White wall:  Re 0.72 Purple wall:  Re 0.157 White floor:  Re 0.475 Venetin blinds:  Re 0.5 

Grey floor:  Re 0.19 Window frame:  Re 0.28 Glazing: Trans 0.678 Mechoshade:  Trans 0.03 

Front diffuse: 0.37 

Back diffuse: 0.56 

Wood partition:  Re 0.295 Blue sofa:  Re 0.068 Brise soleil:  Re 0.5 

 

Table 3: DGP values for the HDR images and simulation 

SCENE HDRSD3000 SIMSD3000 HDRSD7X SIMSD7X HDROD3000 SIMOD3000 HDROD7X SIMOD7X 

S1 1.00 1.00 1.00 1.00 0.52 0.20 0.49 0.20 

S2 1.00 0.68 1.00 0.65 0.17 0.20 0.17 0.20 

S3 1.00 1.00 1.00 1.00 0.30 0.19 0.30 0.21 

S4 0.72 1.00 0.72 1.00 0.16 0.18 0.16 0.18 

S5 0.92 0.47 0.89 0.47 0.33 0.20 0.33 0.21 

S6 0.65 1.00 0.65 1.00 0.19 0.14 0.19 0.15 

S7 1.00 0.62 1.00 0.61 0.44 0.20 0.43 0.20 

S8 0.50 0.38 0.42 0.37 0.22 0.18 0.23 0.19 
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Annual glare calculation for four representative 

views are chosen: scene one for southeast, scene 

three and five for south with different glazing 

heights, and scene eight for southwest. Figure 7 

shows the annual glare calculation for these views: 

the vertical axis is hour of the day and the horizontal 

axis is day of the year. Given southeast orientation 

without shading, scene one has glare throughout the 

day over the entire year. Scene three, five, and eight 

have the third and fourth floors projected out to 

partially restrict sunlight in summer. Scene eight 

presents an obviously western lighting picture with 

glare issues concentrating in the afternoon. Based on 

the data collection of the real lighting environment 

and the annual simulation, both the point-in-time 

renderings and dynamic calculation reflect severe 

glare issues throughout a year. The glare duration for 

the four scenes is 2829 hours scene one, southeast 

glazing; 2070 hours scene two, south glazing 11.6 m 

tall; 2464 hours scene five, south glazing 21.3 m tall; 

and 1529 hours scene eight, south and southwest 

glazing. The observer point in scenes one, three & 

five is 7 meters from the wall facing the glazing. The 

observer point in scene 8 is roughly 30 meters from 

the southwest glazing facing west. 

Shading Device Application and Evaluation 

1. Brise Soleil 

The design of brise soleil aligns with the mullions 

and avoids blocking occupants’ sight to guarantee 

their view as much as possible (Figure 8). Figure 9 

lists the annual glare calculations for scene three and 

five with brise soleil varying in width. The greater 

the width, the more direct sunlight the brise soleil can 

block. Horizontal shading devices restricts sunlight in 

summer at high angles. In winter, however, even the 

3m width group misses a part of direct sunlight in the 

early morning and late afternoon. With a portion of 

glazing reaching up to the fourth floor, scene five 

demonstrates longer glare duration.  

The groups of brise soleil with 0.3m away from the 

curtain wall outperforms the ones aligned with the 

third and fourth floor. Figure 9 uses scene five as an 

example for the distinct results. Since DGP is view-

based algorithm, the relative positon between the 

shading device and the occupant’s view is 

significant, which also increases the difficulty of 

visually comfort prediction at early design stages. 

For instance, the group of 2.4m wide with 0.3m away 

from the glazing is 387 hours shorter than the one 

placed 2.1m away from the curtain wall. View three 

shows the consistent results. As a result, the brise 

soleil distant 0.3m from the curtain wall is selected.   

2. Venetian Blinds   

Figure 10 illustrates the annual glare for venetian 

blinds with different tilt angles.  The larger the tilt 

angle, the greater the area of glazing shaded and the 

shorter the glare duration. Even with the same tilt 

angle, facades with different orientations have 

differing performances. The result of 0° and 15° tilt 

facing south is greater glare reduction than the same 

tilt facing southeast or southwest. 0° tilt venetian 

Table 4: t-test values between DGP values of 

HDR images and renderings  

GROUP  T VALUE 

HDRSD3000 & SIMSD3000 0.260 

HDRSD7X & SIMSD7X 0.511 

HDROD3000 & SIMOD3000 2.814 

HDROD7X & SIMOD7X 2.758 

 

 

Figure 5: The three simulated shading systems 

 

 

Figure 6: Comparison between the HDR images 

and simulations for scene four 

 

 

Figure 8: The section for brise soleil 

 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 1216 -



blinds provide insignificant glare reduction on the 

southeast facade. With the tilt angle larger than 30°, 

glare is dramatically reduced. For scenes five and 

eight, the 30° venetian blind can reduce around 85% 

of glare; and the venetian blinds in 45◦ decrease 95% 

to 99.9% of glare for all four views. For the southeast 

view, venetian blinds start functioning in summer 

with high sun angles. Then with the tilt angle 

increasing, the glare in winter begins to be reduced. 

The analysis of glare for southwest has the similar 

patterns but with the schedule switched from 

morning to afternoon. Because of the smaller glazing 

area facing southwest than that facing southeast, the 

results of scene eight is better than those of scene 

one.  Although each annual glare simulation is 

assumed as constant venetian blind tilt, mechanizing 

the blinds with control strategy determined from the 

simulation would allow a complete control of glare 

throughout the year.  

3. Mechoshade System  

In Figure 11 the glare performance for mechoshade 

 

Figure 7: Annual glare calculation for these four scenes 

 

Figure 9: Annual glare calculation for scene three and scene five with brise soleil different distance away 

from the curtain wall 

 

Figure 10: Annual glare calculation for scene one, five, and eight with the venetian blinds 
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system for view one and eight are presented. The 

position of mechoshade plays a more significant role 

in decreasing glare than the openness. With the full 

down position, the mechoshade with 1% openness 

annually reduces 57 hours more than 3% openness 

does, and 107 hours more than 5% openness does. 

The lower openness is more appropriate to solve 

serious glare issue. For the southwest orientation, the 

glare duration is much longer, with annual 561 hours 

with 1% openness and full down. The explanation of 

this result is that a large part of the glazing in scene 

eight is facing due south, which is separately applied 

a brise soleil. Figure 12 compares the luminance 

distribution between 1% and 5% openness. By 

employing the mechoshade with 1% openness, the 

lower but more evenly lighting distribution is created 

with the decrease of luminance contrast. The 

subtraction between these two shows the main source 

of lighting difference, the huge curtain wall. The 

authors recommend 1% openness to solve glare.   

4. Comparison among the Three Shading Devices 

The total glare reduction percentage for four views is 

shown in Table 5. Because it is fixed, the brise soleil 

cannot reduce all the glare issues but reach the 

reduction as high as 78%. The mechoshade systems 

for scene one reaches up to 89%, and the one for 

scene eight is around 63% with the absence of brise 

soleil.  

Venetian blinds with tilt angles equal or larger than 

30◦ can effectively prevent a majority of direct 

sunlight and solve the glare issues for all four views 

with the sacrifice of the beautiful view of Lake 

Michigan and the Water Tower.  

Figure 14 offers an example of luminance ratio of the 

first scene at the time when the HDR image was 

taken. The result with mechoshade system provides 

lower values with more even distribution. The 

venetian blind at 15◦ redirects sunlight and offers a 

lighting environment with higher contrast. The 

renderings employed shading device are subtracted 

from the original condition. Although all shading 

devices reflect and scatter sunlight, as fibre, 

mechoshade creates a mild lighting environment.     

 

Figure 12: Comparison between O1 and O5 of 

mechoshade in terms of luminance                                                                                                                                                                                                                         

 

 

 

 

 

 

 

 

 

 

Table 5: Annual glare reduction with brise soleil 

and venetian blinds for Scene 3 & 5, along with 

mecho shade and venetian blinds for Scene 1 & 8 

 S3 

(%) 

S5 

(%) 

 S1 

(%) 

S8 

(%) 

W1.2 D0.3 51.8 31.2 O1 P50 48.6 34.4 

W1.8 D0.3 64.6 49.2 O1 P75 81.9 62.6 

W2.4 D0.3 71.2 65.1 O1 P100 89.3 63.3 

W3 D0.3 77.5 78.0 O3 P50 38.6 14.3 

W1.2 D3.4 34.9 31.2 O3 P75 74.5 44.7 

W1.8 D2.7 43.4 38.8 O3 P100 87.3 62.9 

W2.4 D2.1 49.8 49.4 O5 P50 39 14.5 

W3 D0.3 66.9 64.8 O5 P75 77.4 41.5 

VB 0◦   51.1 53.8 O5 P100 85.5 62.3 

VB 15◦      73.4 72.6 VB 0◦   13.2 34.1 

VB 30◦     89.1 84.7 VB 15◦      18.9 47.5 

VB 45◦     99.8 99.4 VB 30◦     71.7 94.3 

VB 60◦ 99.9 100 VB45◦      96.0 95.1 

 VB 60◦     99.7 99.9 

 

 

 

 

Figure 11: Annual glare calculation for scene one and eight with the mechoshade systems 
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When returning to Point-in-time calculation, Figure 

15 illustrates the difference before and after the 

application of shading device (mechoshade for scene 

one, brise soleil with 1.8m width for scene three and 

five). All three views have DGP3000 and DGP7X lower 

than 0.35.  

5. Control Recommendation for Strategy one and 

Strategy Two 

After analyzing three types of shading devices 

separately, a final strategy is recommended. The 

strategy includes both mechoshade and brise soleil. 

With the combination of mechoshade and brise 

soleil, the glare reduction percentage for scene one 

and eight reaches up to 80.2% and 85.2% 

respectively. Figure 16 is the final result of strategy 

one for scene one and eight with both mechoshade 

and brise soleil (1.2m wide and 0.3m away from the 

curtain wall).  

In order to guarantee the view as much as possible, 

the shading should be retracted as long as the 

environment is glare free. In that case, a mechanical 

control system is recommended with according glare 

control. On the basis of the above calculation, the 

control schedules are proposed. Figure 17 is the 

control recommendation for mechoshade with 1% 

openness for the first and eighth views. White 

represents 50% down of mechoshade, light gray is 

75% and dark gray is full down. Figure 18 proposes 

the control strategy for venetian blinds. The different 

grays stand for the tilt rotation. The change of the tile 

angle responds to the glare occurrence and the 

effectiveness of venetian blind. The green represents 

the retraction of any shading device. Whenever it is 

glare free, the shading device should be retracted to 

connect the interior and exterior.  

In summary, strategy one is a combined design of 

both static and dynamic shading device. It offers 

milder lighting distribution for southeast and 

southwest views but leave annually 179 hours of 

glare for scene three and 256 hours for scene five 

(with 3m wide of brise soleil and 0.3m away from the 

glazing). With three predetermined positions, 

strategy one is easier to operate. Strategy two can 

solve the annual glare issue for all the views with a 

huge sacrifice of the connection with outside. In 

addition, five states of rotations needs mechanical 

rather than manual control.      

 

Figure 13: Glare duration for the four scenes with different shading devices 

 

 

Figure 14: Difference between the original and modified situations in terms of luminance distribution 

 

Figure 15: Simulation before and after the application of the shading devices 

 

 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 1219 -



CONCLUSION 

Both venetian blinds and mechoshades could be 

employed automatically based first on whether there 

is a condition of direct sunlight and time of day (is 

the sun entering that part of the building). The 

combination of static and dynamic shading device 

can guarantee larger view connection with the 

outside and offer a more consistent lighting 

environment; merely movable shading device, 

however, provides occupants with more control and 

flexibility.  
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Figure 16: Calculation for scene one and eight with     Figure 17: Mechoshade system control schedule 

                      Mecho shade and brise soleil 

 

 

Figure 18: Venetian blinds control schedule 
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