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Introduction

Environmental factors such as light, heat, and airfl ow are some examples of the most 

signifi cant contexts aff ecting the overall architectural and urban environment. With the 

recent development in computation, environmental data, which can conveniently be 

converted into numerical values, has begun to gain attention in the architectural fi eld. 

$ e exclusive technology and specialized knowledge to utilize environmental data are 

distributed through open sources. As a result, the process of optimizing environmental 

data is evolving in various forms in academia and professional practices. $ is 

research examines the potential applications of methodologies utilizing quantifi able 

environmental data such as light, heat, and air environment in architectural practices 

through multi-staged optimization processes and their uses as a crucial decision-

making tool in the design processes. In this research, the quantitatively measurable 

environmental data such as light, heat, air, and viewing angles are examined in two 

or more stages of evaluation. $ e winning design proposal for the New Government 

Complex in Gangseo-gu (2021) was selected as a case study with a focus on optimizing 

the workspace, the most aff ected space by the environment. $ is research examines the 

applications of evolutionary computation to analyze building performances and their 

processes. $ e size and shape of the building considering the thermal performance and 

natural light; form, and density of external shading systems for radiant heat mitigation; 

and privacy control according to the composition and illuminance of the spaces facing 

the atrium are applied on the case building in professional architectural practice. 

$ is research expects to contribute to educators and practitioners in applications of 

environmental data at various scales in architecture and urban design.

Le% : A massing study for a mixed-use development use the solar envelope theory , Ralph Knowles
Right: A case study of solar envelop theory for the mixed-use development, Ralph Knowles
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Background

Sustainable design has been systematized by institutions such as South Korea’s 

G-SEED or U.S’ LEED. However, both the academics and practitioners recognized 

the signifi cance of environmental factors in buildings as a crucial factor for the future 

environment. Researches such as Ralph Knowles’ Energy & Form and Solar Envelope, 

conducted since the 1950s, are important theoretical indicators showing whether 

urban planning with equivalent solar radiation and ventilation conditions is possible 

in a dense urban context based on the analysis of solar radiation angle and prevailing 

wind direction. Furthermore, the “Sky Exposure Plane,” New York’s urban planning 

ordinance enacted in 1916 and amended in 1995, is a regulation that gradually retreats 

the front of the building according to the height of the building, and in the case of 

a building with a height exceeding a certain height, “Tower Coverage,” a system that 

lowers the building area to lot coverage ratio to a certain percentage, was enacted as a 

minimum device for insolation and ventilation conditions. $ ese regulations continue 

to have a major impact on the New York City skyline and the pedestrian environment. 

$ e study on urban planning conducted at $ e Offi  ce for Urbanization in the Harvard 

University of Architecture in 2016 redefi nes zoning in Manhattan, New York by adding 

computing technology to the theory of Ralph Knowles and displays the attention to the 

environmental impact in the city and architecture fi eld. Similarly, the right to sunlight 

in Korea’s semi-residential areas, is a system to secure appropriate insolation and 

ventilation conditions in a dense urban environment.

Le% : Evolution of a City Building Under the Zoning Law, NY times, 3/19/1922, Hugh Ferriss
Right: Zoning exercise along the lines of Knowles’s research, $ e Offi  ce for Urbanization at Harvard GSD
            Unbuilt Manhattan, 2016, Charles Waldheim
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$ e most used environmental data is the EnergyPlus Weather Data File (epw) created 

by the U.S. Department of Energy’s architects, engineers, and researchers based 

on EnergyPlus™, an integrated energy measurement program for cooling, heating, 

ventilation, and illuminance. It is a fi le measuring the climatic conditions of major 

locations around the world and is used in various industries for being easily accessible 

and periodically updated. Various environmental information of META data included in 

the EPW fi le can be converted into numerical values, which can be used in architectural 

design to evaluate environmental performances, and has been used in various researches 

in the fi eld of architecture and engineering. 

In the 2000s, in the architecture fi eld, many studies using environmental data were 

conducted not only in academia but also in practices, but many of them were still limited 

to specialized knowledge and so% ware. As a result, most of the knowledge has been 

concentrated on skilled experts and has been used as a one-way communication tool to 

analyze design results in many parts of architecture gra% ing and collaboration methods.

Environmental simulation tools such as “Ladybug & Honeybee”, which are equipped with 

expertise in environmental data, are designed and distributed in the form of an interface 

for designers to easily use professional analysis so% ware such as Radiance, Openstudio, 

and TERM. $ ese simulation tools facilitated the distribution of visualization and 

design methodologies based on specifi c climate data analysis in academia and 

architectural practice. Furthermore, these environmental data analysis tools are used 

in various design methodologies that combine computation and environmental data as 

an important indicator to determine the design directions from the initial design stage.

Le% : EPW Meta Data map via Open Street Map, https://www.ladybug.tools/epwmap

Introduction
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In addition to the visual analysis methodology based on environmental data, many 

studies applied Evolutionary Computing as a design methodology to extract optimized 

data by interpreting data that exceeds the range of human perception through repeated 

simulations using A.I. Large international design fi rms such as Morphosis Architects, 

Norman Foster & Partners, BIG, 3XN and Henn Architecture are also presenting 

various integrated studies and projects based on individual computational design and 

performance-based analysis. 

In particular, in “Parametric Practice,” an industry-academia collaboration doctoral 

thesis conducted at Tore Banke’s Center for Information and Architecture and 3XN, 

quantitative variables based on performance such as radiant heat, illuminance, and view 

are set and optimized. It shows the possibilities of building morphology methodologies 

from the initial design decision direction. $ e application of the above-mentioned 

methodologies appears in various practical projects such as Astana National Library 

and Adelaide Contemporary Art Gallery projects recently announced by BIG.

Le% :  Faade Module visualization of Phare Tower, Morphosis
Top right: $ ermal simulation model and Facade system of Astana National Library, BIG 
Bottom Right: Building envelop (Self shading) & External Solar Hours of Adelaide Contemporary Gallery, BIG 
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Research Methods

In this research, by performing the optimization process in a multi-staged method, 

design parameters derived from environmental data were used to create and determine 

procedures through the following priorities for practical work in an offi  ce building 

with an atrium. First, the optimal values for each environmental data of radiant heat, 

indoor illuminance, indoor ventilation, and glare are established. Second, a multi-staged 

optimization method was applied to the architectural design process. At this stage, 

variables such as the size and shape of the atrium, the location of the opening, the depth 

and spacing of the external awning, the illuminance of spaces facing the atrium, and 

the visual interference at the atrium are analyzed in multiple stages and refl ected in the 

design decision process.

In the case of radiation optimization, due to the characteristics of the project location 

and program, the heat load of the building was minimized based on the summer solstice 

to reduce the cooling load in the summer. In the case of illuminance optimization, 

the optimal illuminance standard for each program was adjusted based on socio-

cultural factors, and an option that meets the standard was selected. In addition, the 

glare optimization aims to the offi  cial Daylight Glare Probability (DGP) of less than 

0.35, which is imperceptible. In the case of visual environment analysis, an option that 

eff ectively blocks the view from the outside and at the same time minimizes the required 

amount of material is selected.

Based on the above mentioned quantitatively measurable environmental data input 

and performance results, Rhinoceros, a program that is generalized in architecture, 

and Galapagos (David Rutten, Developer at Robert McNeel & Associates) and 

Octopus (Robert Vierlinger, Structural Engineer at Bollinger+Grohmann), which 

are representative optimization engines in Grasshopper, are utilized for numerical 

optimization, generative algorithms, and problems through Evolutionary Computing. 

$ e scope of research topics such as solutions continues to expand.$ erefore, this study 

examines multi-staged optimization processes to simultaneously satisfy measurable 

variables such as environmental data or structural data and non-measurable variables 

such as institutional or individual preferences in the decision-making process. At the 

same time, it analyzes and organizes limitations and potential improvements.



CASE STUDY

01. Building volume optimization

02. Exterior Louver optimization

03. Interior screen optimization
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Top: Aerial view from the South, Gang-seo Government Complex, Haeahn Architecture & H architecture P.C.
Bottom: Aerial view from the West, Gang-seo Government Complex, Haeahn Architecture & H architecture P.C.

Data Type and method for Case Study 

$ e research examines multi-staged optimization methodologies applied to the design 

project for the new Government Complex in Gangseo-gu, which H Architecture, New 

York, and Haeahn Architecture won in 2021, and conducts complex design optimization 

processes based on several design variables and environmental data. $ e types and 

application standards of specifi c environmental data used in each methodology are as 

follows.

 

Shadowing Analysis: it is used for interior planting and creating an appropriate light 

environment for the public and offi  ce spaces. For the north elevation facing the atrium, 

the overall dimensions are optimized by adjusting the width, depth, offi  ce width, and 

fl oor height based on the minimum shaded area for less than 2 hours per day.

 

Illuminance analysis: Based on the standard illuminance of N 12464 Light and lighting, 

the appropriate illuminance is measured according to the program of the space. In the 

case of the atrium, 3000-4500 lux, which is the proper illuminance of the outdoor space, 

is used as the standard, and the offi  ce space aimed to achieve maximum area with 300-

450 Lux, which is the appropriate illuminance of the space based on the diff usion of 

natural light. 

Daylight Analysis: Numerical environmental data mentioned above are used as design 

variables and as judgment criteria for the multi-staged optimization process and are 
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applied to various ranges and scales, from macro-elements of the project such as 

building volume to micro-elements such as interior elevation modules.

Glare analysis: It is used to measure the diff erence in illuminance within an established 

viewing angle, and create a comfortable light environment. $ e program used for glare 

analysis is Honeybee linked with Radiance, and the standard used is Daylight Glare 

Probability (DGP)-based 0.35 or less as the optimized glare setting.

 

Viewing angle analysis: Used to create an appropriate visual environment for the space 

by protecting privacy or achieving a sense of openness. $ e program used for the 

analysis is Ladybug, and the standard used is as follows. Privacy is considered to be 

protected when the view range is less than 20% in the Cone of Vision 60-degree method, 

and visual openness is considered to be achieved when the view range is more than 60%.

 

$ ermal performance analysis: It is used to measure the cooling load in summer and 

heating load in winter according to the radiant heat controlling strategy of a building. 

$ e program used for the analysis is Ladybug, and the aim for optimization is to have 

the smallest load in kWh/m2 units considering that the summer cooling load is the 

main focus due to the nature of the offi  ce program.

 

Fluid dynamics analysis: Used to analyze the ventilation performance of indoor space 

with pre-defi ned openings. $ e program used for the analysis is BlueCFD/Butterfl y, and 

the average pressure of the fl uid fl ow within the condition is converted to psi, and the 

higher the value, the better the ventilation performance.

 



METHODOLOGY.01

Building Volume Optimization
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Building Volume Optimization

First, establish the multi-layered optimization methodology to defi ne the architectural 

elements related to the volume and interior space of a building and a series of proce-

dures to which the methodology is applied. 

$ e interior space is confi gured as a courtyard typology, and the environmental opti-

mization method when the courtyard is converted into an indoor space was examined. 

$ e size and shape of the courtyard were optimized based on minimizing the shade for 

less than 2 hours per day in the main offi  ce space located in the north and south through 

shading analysis. It was used to derive the minimum shaded area compared to the entire 

exposed surface under the given conditions.

To create an appropriate light environment for the indoor courtyard made based on 

the building size determined in the previous stage, the same level of illuminance as the 

exterior of the Korean solar environment standard, even though it is an indoor court-

yard, was set as standard. Considering the sociocultural factors of the reference area, the 

appropriate illuminance level was adjusted to a comfortable outdoor space illuminance 

level (3000-4500 lux) and the spacing and depth values of the ceiling shading structure 

were optimized to achieve the appropriate illuminance level. 

As a tertiary optimization process, in the case of the inner courtyard air circulation en-

vironment, the average pressure within a specifi c area is converted to psi, and the higher 

the reference value, better the ventilation performance. Based on the location and size 

of the opening at each fl oor, the ventilation effi  ciency was comparatively analyzed, and 

the internal ventilation effi  ciency of the indoor courtyard was evaluated and refl ected 

in the design.

Le% : View of Atrium, Gang-seo Government Complex, Haeahn Architecture & H architecture P.C.
Right: Shadow analysis & CFD Simulations, Gang-seo Government Complex, Haeahn Architecture & H architecture P.C.



28 29Methodology Methodology

To meet the overall required project area, the sum of X and Y variables is 110, and the 

height is confi gured so that the base fl oor height is adjusted from at least 4.2 to 6 meters. 

$ e offi  ce is located in the north and south of the atrium, and the variables are set so that 

the size of the atrium is readjusted according to the depth of the offi  ce. 

Defi ning overall volume:

A: Building Width

B: Atrium Width

C: Floor Height
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optimal building volume and atrium composition, Ladybug’s shading analysis is used. 

$ rough the simulation, the amount of direct sunlight transmitted through the north 

offi  ce through the atrium was measured, and then an algorithm was created to confi gure 

each option in the Galapagos.

Finding optimal building and atrium dimensions:
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dimension: A-60m/ B-18m/ C-4.2m

area less than 2 hrs sun: 16.1%

dimension: A-60m/ B-18m/ C-4.2m

area less than 2 hrs sun: 27.9%

dimension: A-65m/ B-19m/ C-5.3m

area less than 2 hrs sun: 40%

dimension: A-68m/ B-21m/ C-4.2m

area less than 2 hrs sun: 20.1%

dimension: A-60m/ B-21m/ C-4.3m

area less than 2 hrs sun: 32%

dimension: A-68m/ B-25m/ C-4.8m

area less than 2 hrs sun: 44.3%

dimension: A-61m/ B-20m/ C-4.5m

area less than 2 hrs sun: 23.1%

dimension: A-72m/ B-21m/ C-4.9m

area less than 2 hrs sun: 36.1%

dimension: A-63m/ B-19m/ C-5.9m

area less than 2 hrs sun: 48%

As a result of extracting the data of the area with direct sunlight 2 hours or less based 

on the south side of the north offi  ce for each option, the building volume of 60m north-

south and 50m east-west, a fl oor height of 4.2, and the atrium fl oor dimensions of 18 x 

12m area is analyzed as the option with the smallest area of direct solar radiation for less 

than 2 hours (161.73 m2)

Selecting optimal option:

A: Building Width B: Atrium Width C: Floor Height

Le% : Top tier group from Shadow analysis for selection process
Right: Graph of sun exposure hours from Galapagos interface

Top tier option
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Based on the optimization options of the atrium and building volume analyzed previ-

ously, the eff ect of the skylight structure of the atrium and the shading/illumination ad-

justment of the structure is analyzed. Variable parameters consist of the division interval 

of the structure (5-10 separations), and depth (0.1-1 meter), and illuminance analysis 

through Honeybee based on Radiance have used the optimal structure for the shading. 

$ e illuminance standard used for analysis is EN 12464 Light and lighting, and Galapa-

gos, a single optimization tool, is used to analyze each option.

Defi ning shading structure:
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Le%  Bottom: Standard Illuminance Chart from EN 12464 Light and lighting - Lighting of workplaces -Indoor work places

Based on the optimization options of the atrium and building volume analyzed previ-

ously, the eff ect of the skylight structure of the atrium and the shading/illumination ad-

justment of the structure is analyzed. $ e illuminance standard used for analysis is EN 

12464 Light and lighting, and Galapagos, a single optimization tool, is used to analyze 

each option.

Finding optimal shading structure:

N
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grid division, depth: 10x10, 1.0m

illuminance diff erence: 4,390.50 lux

grid division, depth: 8x8, 0.5m

illuminance diff erence: 4,788.97 lux

grid division, depth: 7x7, 0.2m

illuminance diff erence: 5,140.11 lux

grid division, depth: 10x10, 0.7m

illuminance diff erence: 4,529.58 lux

grid division, depth: 7x7, 0.7m

illuminance diff erence: 4,837.01 lux

grid division, depth: 8x8, 0.4m

illuminance diff erence: 4,937.17 lux

grid division, depth: 9x9, 0.7m

illuminance diff erence: 4,686.99 lux

grid division, depth: 5x5, 0.8m

illuminance diff erence: 5,056.51 lux

grid division, depth: 5x5, 0.1m

illuminance diff erence: 5,278.40 lux

To select the optimal option, the smallest diff erence between the highest and lowest 

illuminance of the atrium is used as a standard, and at the same time, the average value 

of the illuminance that meets the previously set standard of 3000-4500 lux is used as a 

standard. $ e shading structure with a depth of 0.7 meters in 7 subdivisions is analyzed 

to be the optimal option according to the previous conditions.

Selecting optimal option:

Top tier option

Le% : Top tier group of Daylight simulation for selecting process
Right: Graph of lluminance displayed at Galapagos interface
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Le% -Top: Wind tunnel simulation, Autodesk Flow Design
Le% -Bottom: Analyzing air fl ow of an industrial fan with Altair CFD™
Right: Windrose diagram with EPW weather data using Ladybug in Grasshopper

Fluid dynamics used in architecture are mostly used for analyzing the airfl ow, and in 

Grasshopper environment, the macro-environmental approach utilizes Ladybug based 

on the META data of the EPW fi le, and the micro-environmental approach utilizes the 

Butterfl y (Butterfl y) plug-in linked to Blue CFD. An atrium is a large indoor space and 

is greatly aff ected by airfl ow such as heat stagnation. Fluid dynamics analysis is used to 

refl ect the previously mentioned factors in design.

Computational Fluid Dynamics:
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$ e area of intake and exhaust is set for ventilation simulation, and the fi xed openings 

are around the core at the center east of the atrium, the ventilation window to prevent 

heat stagnation at the upper part of the atrium. $ e variable openings are sliding doors 

located on the central west of the atrium according to the structure of the building space.

Defi ning Opening:
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CFD simulation was done for each variable opening to fi nd the most eff ective opening 

location for ventilation. Based on the simulation results, the ground fl oor sliding doors 

will result in the most eff ective ventilation rate (155,664 psi).

Finding optimal opening locations:

Le% : Opening Location Alternatives for CFD simulation 
Right: CFD simulations for Target Alternatives

Top tier option Top tier option
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Le% : Top tier option through Shadow, Daylight and CFD simulation
Right: Atrium Interior Perspective of Gang-seo Government Complex, Haeahn Architecture & H architecture P.C.



METHODOLOGY.02

 Exterior Louver Optimization 
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Exterior Louver Optimization

A multi-staged optimization methodology was applied to optimize the thermal perfor-

mance of the building and the indoor lighting environment based on the shape of the 

shading device, which is derived from the external elevation dimensions of the building. 

Considering that the building is an offi  ce space and the present number of occupants 

compared to the base fl oor area is expected to be high, so the standard for latent heat is 

set high. It is expected that the monitors will be mainly used at work, so the shading fi ns 

as an architectural device to prevent glare in an indoor light environment is premised.

First, it was optimized to have the lowest cooling load in summer based on kWh/m2 

unit, focusing on the summer cooling load due to the characteristics of the metropolitan 

area of Korea. $ e shading module design consists of various variables so that the thick-

ness, width, profi le shape, and spacing of the module can be ad-justed in the optimiza-

tion process. A multi-staged optimization process was confi gured so that the variables 

were compared and analyzed with the total material quantity, and the shapes with a 

relatively high heat load reduction eff ect compared to the total quantity are selected as 

better-performing options.

Glare analysis was conducted on the previously selected options and optimized. $ e 

analysis aimed to a com-fortable light environment by setting a fi eld of view within the 

offi  ce space and measuring the diff erence in illuminance within the fi eld of view. Day-

light Glare Probability (DGP)-based 0.35 or less is set to be the optimal glare level, and 

among the previously selected options based on the thermal performance, the option 

with DGP 0.348 is selected in process of optimizing the light environment by preventing 

direct sunlight while utilizing the indirect light.

Le% : Radiation Simulation for $ ermal Performance
Right: Glare Eff ect Simulation for Higher Comfort Level
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Interval

Body Profi le

Nose Profi le

Fin Width

Several parameters are defi ning the fi n shape; the width (0.010-0.040 meters), body 

depth (0.10-1.00 meters), and nose depth (0.00-0.60 meters). $ e fi ns are arranged along 

the simulation surface reversing at every other module to create an alternating pattern. 

$ e density of these fi nes is controlled by an increment of 0.3 meters (0.3-1.2 meters).

Defi ning geometry:
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Le% : Module shuffl  ing Algorithm in Horizontal Direction 
Bottom: Module shuffl  ing Algorithm in Vertical Direction
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Le% : Offi  ce Infrared View,Monty Rakusen at Alamy
Right: Weather Data allocation on Korean Reigon on EPW map via OpenStreetMap, https://www.ladybug.tools/epwmap

$ e project is located in the Northern Hemisphere, Korea, and most of the programs 

consist of offi  ces which has a large number of indoor heating appliances and a relatively 

high number of occupants, so it has a lot of sensible and latent heat dissipation factors. 

$ erefore, cooling effi  ciency in summer is considered to have a greater impact on ener-

gy performance than heating in winter.

Solar Radiation Analysis:
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$ rough solar radiation analysis, the eff ect of the module on thermal performance is 

identifi ed, and at the same time, the quantity of material for each option is identifi ed 

through the volume analysis. For multi-result analysis, octopus is utilized.

Finding optimal fi n dimensions and density:
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Le% : 3D graph of Octopus 
Right: $ ermal Optimization Result via radiation simulation deployed in octopus interface
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radiation: 114,429.62 kwh/m2

material: 1.08 

radiation: 90,169.15 kwh/m2

material: 2.38

radiation: 62,947.97 kwh/m2

material: 4.54

radiation: 106,267.23 kwh/m2

material: 1.51

radiation: 78,023 kwh/m2

material: 3.26

radiation: 56,643.31 kwh/m2

material: 5.58

radiation: 101,479.95 kwh/m2

material: 1.94

radiation: 71,110.63 kwh/m2

material: 4.54

radiation: 50,003.76 kwh/m2

material: 6.57

Various optimization options were presented, but equally considering the improvement 

of the thermal performance and the minimization of the material quantity three options 

were selected.

Selecting optimal option:

radiation (kwh/m2)

material

Le% : Top tier group through radiation simulation
Right: Options through raditation simulation displayed in octopus graph view

Top tier option Top tier option Top tier option
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Top: Glare eff ect in unshaded room condition, Shade it 
Bottom: Daylight Glare analysus and metrics, Jan Weineld, EPFL, Lausanne, Switzerland

Glare is a factor in the indoor light environment and is caused by a large diff erence in 

illuminance within a single viewing angle. In case of offi  ce buildings, glare has a great 

infl uence on the creation of a comfortable indoor environment and work effi  ciency. 

$ erefore, an adjustment of luminance can qualitatively improve the experience of in-

door space.

Finding optimal option for glare:
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Le% : Solar orientation with project location
Right: Test view of offi  ce interior 



70 71Methodology Methodology

Two of the three options showed imperceptible glare level (0.35 DGP or less), the other 

options were analyzed as either perceptible or uncomfortable. Among the two options, 

the option that achieved DGP 0.35 with less amount of material is selected.

Selecting optimal option:

DGP: 0.430 (Disturbed)
Material: 0.00

Material: 2.38

DGP: 0.348 (Imperceptible)
Material: 3.26

Material: 4.54

DGP: 0.386 (perceptible) DGP: 0.342 (Imperceptible)

Top tier option

without shading device without shading device1

3

2

4

Top tier option

1

3

2

4

Le% : Top tier group from former seletion process (Radiation & Material effi  ciency)
Right: Glare simulation of top tier options for selection process
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Le% : Top tier option through $ ermal and Glare simulation
Right: Section perspective view of offi  ce fl oors with fi nal louver application



METHODOLOGY.03

Interior Screen Optimization
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Interior Screen Optimization

$ e third methodology describes the methodology and process for optimizing the vi-

sual and light environments by using the interior elevation elements of the building. In 

the case of the indoor elevation, among the offi  ce support spaces facing the atrium, there 

are meeting rooms where privacy is important, and reception and rest spaces that em-

phasize communication-based on visual openness. Furthermore, especially in the case 

of the north offi  ce, the optimization focuses on controlling daylight in offi  ce support 

spaces facing the atrium.

In the case of visual environment analysis, privacy is considered to be protected when 

the view range is less than 20% in the Cone of Vision 60 dree method, and when is high-

er than 60% it is considered to have visual openness. $ e screen module optimization 

process in the offi  ce support area was applied to achieve privacy for conference rooms 

and visual openness for reception and rest spaces. To select options with relatively high 

visual environment performance per quantity of material, the minimum and the maxi-

mum number of screening elements per module and the module spacing, which are the 

parameters used in the process, are cross-compared to the quantity of material.

Illuminance analysis was conducted on the options selected through visual environment 

analysis. Based on the appropriate illuminance standards of EN 12464 Light and light-

ing, an option with an appropriate illuminance for offi  ce and resting spaces of 300-700 

lux.
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Depending on the program, some offi  ce common areas require the view from the atri-

um or workspace to be prevented, and at the same time, for a comfortable light environ-

ment, proper indoor illumination through natural light is desired. $ ese requirements 

depend on the program and also diff er by fl oor. 

$ e interior elevation varies by adjusting the density of interior fi ns arranged diagonally 

in a row. $ e density is lowered in the program where the light environment is import-

ant and increased in the program where privacy is important.

Defi ning geometry:
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Fine adjustment of indoor illumination through privacy and natural light is achieved 

through the adjustment of parameters. Each variable consists of the size of the module 

(0.3-1.3 meters), the maximum number of fi ns in a module (5-8), and the minimum 

number of fi ns (2-5).

Defi ning geometry:
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Le% : view of screening from the interior side
Right: Visibility measuring logic, “http://www.lems.brown.edu/vision/people/leymarie/Refs/VisualArt/Figs/2ptp-1.jpg”
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Le% : Axon view of screening over 3 fl oors
Right: View simulations of each fl oors with diff erent screening location
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For effi  cient density, Ladybug’s visual environment analysis was used, through which 

the degree of visual opening and closing of the space per each option is analyzed. Visual 

environment analysis is a method of measuring the ratio of unobstructed views from a 

specifi c point to the outside. To identify an option that can achieve an appropriate visual 

environment with a lesser amount of material, a multi-factor optimization process using 

Octopus is performed.

Finding optimal screening density:

Le% : Octopus simulation interface
Right: Options through visibility and material volume simulation deployed in octopus interface
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avg. visibility: 87.40%

avg. visibility: 83.55%

avg. visibility: 79.24% 
Relative material volume: 123.3% 

Relative material volume: 105.7% 

Relative material volume: 90.7% 
avg. visibility: 86.31%

avg. visibility: 81.85%

avg. visibility: 78.00%
Relative material volume: 118.3%

Relative material volume: 92.2%

Relative material volume: 89.8%
avg. visibility: 84.71%

avg. visibility: 80.13%

avg. visibility: 76.08%
Relative material volume: 109.2%

Relative material volume: 91.9%

Relative material volume: 87.2%

Among the many optimized options, assuming the visual environment and material 

quantity are equally considered, an option with the highest visual prevention eff ect per 

quantity of material is selected.

Selecting optimal option:

avg. visibility (%)

material

Le% : Top tier group through visibility & material effi  ciency simulation
Right: Options with visibility & material effi  ciency simulation in octopus graph view

Top tier option Top tier option Top tier option
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Le%  Bottom: Standard Illuminance Chart from EN 12464 Light and lighting - Lighting of workplaces -Indoor work places
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Le% : Axon view of daylight simulation of designated offi  ce fl oor
Right: Plan view of daylight simulation of designated offi  ce fl oor
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max. illuminance: 7,856.10 lux

avg. illuminance: 1,776.18 lux

max. illuminance: 7,932.64 lux

avg. illuminance: 1,714.85 lux

max. illuminance: 7,671.32 lux

avg. illuminance: 1,613.09 lux

max. illuminance: 7,556.73 lux

avg. illuminance: 1,486.93 lux

164.35 sqm

max. illuminance: 5,545.74 lux

avg. illuminance: 1,121.85lux

max. illuminance: 6,746.33 lux

avg. illuminance: 1,361.48 lux

max. illuminance: 5,184.16 lux

avg. illuminance: 1,054.04 lux

max. illuminance: 6,904.10 lux

avg. illuminance: 1,206.99 lux

max. illuminance: 5,097.15 lux

avg. illuminance: 862.99 lux

To select an option that best meets the indoor light environment standards and can 

deliver indirect light to deeper space, an illuminance analysis is performed on the 9 

optimized options from the previous stage. $ e option with the appropriate illuminance 

level of the offi  ce space (300 – 700 lux) in the widest area is selected to be optimal and 

applied to the design.

Illuminance simulation:

Le% : Top tier group through daylight simulation
Right: Top tier option axon and plan view

Top tier option



98 99Methodology Methodology

Le% : Top tier option through vision and daylight simulation
Right: Section perspective view of offi  ce fl oors toward interior screen
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Result & Conclusion
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