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1. Problem statement

The modeling of daylight in buildings is a challenging problem of increasing importance. Careful management of
daylighting in a building is crucial in minimizing the environmental impact of a structure; it also has the potential to
produce positive effects on health and remains a predominant factor in how a space is perceived by its users. Its
effective integration requires many issues to be addressed simultaneously, such as daily and seasonal variations,
the delicate balance between sufficient illumination and visual comfort, and the thermal aspects of incoming solar
radiation. Building designers need reliable methods to combine these factors with aesthetic considerations, and this
integration must happen early in the design process to have a significant impact on energy savings and ultimate
building performance.

The objective of the LightSolve project is to generate methods that support the design process in an interactive
and bidirectional way: from an innovative goal-oriented perspective as well as from the more conventional analytic
standpoint. The major objective is to inform design, not to produce an overly accurate prediction of the daylight
performance of a space. Thus, specific methods have to be created to assess these performances without disturb-
ing the design process but rather facilitating a broad exploration of options. Critical information should be provided
in a visual and/or graphical way and inaccuracies that have no or little effect on a design choice should only be ad-
dressed if they do not deteriorate the pertinence of the overall message given to the designer.

2. Research Method and Key Findings

The work described in this report focuses on the interactive visualization of annual performance data, how these
can be represented synthetically and graphically and how they can be intuitively and interactively connected to the
visual effects produced by daylight. To achieve these objectives, two research directions were first investigated:
first, how to reduce annual performance data into a form that is intuitive, visual, synthetic and does not require
long calculation procedures but still provides a realistic representation of a year from a designer’s standpoint;
second, how to interactively relate quantitative and qualitative criteria when analyzing a design proposal in a way
that can help the designer compare design options and make decisions. These two project components were then
merged into an innovative design analysis interface, as described in further detail below.

a) Climate-based combination of sky models for data reduction

An original method for weather and time representation in a condensed form was created, based on a splitting of
the overall range of sun angles at a given location (latitude) into a limited number of periods. Each half year is split
into four equal number of days (apparent sun positions only differ over half a year, between the two solstice dates),
and each day is split into seven equal time intervals, starting at sunrise and ending at sunset. Using the ASRC-CIE
model developed by Perez et al. , which categorizes sky types as clear turbid (polluted), clear non-turbid, intermedi-
ate and overcast, and meteorological data provided on an hourly basis , a distribution of sky type “occurrences” (in
percent of time) is determined based on the range of weather conditions typically observed during each period: the
highest percentage will correspond to the dominant sky type over the period considered.

These sky type distributions can then be used to calculate informative metrics such as interior illuminance over a
workplane area. Sunlight contribution is added separately, based on the sun’s central position for each period.

The reduced annual dataset can then be represented graphically as a “Temporal map” , where dates are represented
along the x-axis, and time along the y-axis. An example is shown in Figure 1 where the resulting “reduced” annual
performance representation is compared to a Temporal Map based on data calculated every five minutes over the
year, using the program DAYSIM . Despite the drastic data reduction, one can see that a designer would still get
enough information to make an appropriate design decision. A thorough validation of this approach is underway to
refine and generalize this method.



b) An interactive platform for design exploration

The representation of annual metrics as Temporal Maps provides a highly visual way to assess the quantitative
daylight performance of a space. A platform through which these metrics can be studied in total synchronization
with the space views they relate to is thus needed to connect them interactively. This was achieved through the
development of an original design analysis interface in which an interactive browsing of the temporal maps allows
the user to better understand how daylight varies over time and how views relate to performance, accounting for
the predominant sky type but allowing the user to visualize other sky conditions as well. To demonstrate the navi-
gation capabilities of such an interface, a set of pre-computed renderings, views of the surroundings and the sky
and arbitrary temporal maps were produced and embedded in this interactive analysis platform. Specifics about the
interface’s features are described in the addendum.

3. Conclusions

No method today allows building designers or engineers to evaluate the annual daylighting potential of a schematic
building project interactively. If successful, the new models that will be generated, based on a pioneering goal-
oriented, climate-based approach and on a comprehensive yet detailed assessment of daylighting throughout the
year, will provide the means to integrate critical sustainability issues related to energy and light in the overall design
scheme of buildings.

This report summarizes the major results related to the graphical representation of annual performance data.
Through a interactive and dynamic platform, design options can be gauged against one another and inform on the
most appropriate design choices to be made. Feedback from designers and architecture students will be gathered in
the near future to ensure its adequacy to respond to their needs. Ultimately, this interface will be used both as an
effective interface for design evaluation/exploration and as a learning tool.

The key beneficiaries of this research are primarily building engineers and architects, who will get to explore a large
realm of design alternatives for their project that are both responsive to performance criteria and to their architec-
ture quality inclinations.
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Addendum: Specifics about the interface’s features

This interface was developed so that a designer could
interactively explore the assets and issues of his current design
from a daylighting perspective, compare performances from a
quantitative and a qualitative perspective at different times, dates,
from different points of view and for different areas of interest. It
should also allow him to compare various design iterations and to
go back to previous ideas easily.

It is a design analysis interface and is linked to the other
components of LightSolve (under development) as illustrated in
the simplified flow-chart given in Figure A.1. Figure A.1. provides
a better idea of how the goal-driven optimization process will take

place in a user-interactive way in its larger research context.
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Figure A.1. Conceptual flow-chart of LightSolve.

The interface itself, currently relying only on pre-computed images of an on-going Museum Design (produced with

3D Studio Max) and on arbitrary Temporal Maps (produced with Radiance?) will contain a wide range of interactive

exploration and data analysis capabilities. It is shown in Figure A.2.

By moving the mouse over one of the “Temporal Maps”, the time and date displayed in the corresponding

rendered image changes so as to consistently show the representative moment corresponding to the current

cursor position in “Analysis Rendering Results”. This interactive browsing of the year in terms of daylight

performance will allow the user to better understand how daylight varies over time and how views relate to

1 G. Ward Larson and R. Shakespeare, Rendering with Radiance — The Art and Science of Lighting Visualization, Morgan Kaufmann

Publishers, Inc., 1998.



performance. Time and Date information displayed on the left is also updated in real-time; the cursor can be
frozen at a certain location on the temporal map, and so will the rendering. Using the four sky types of the ASRC-
CIE sky model, the impact of weather and season are shown, with a percentage indicating the predominant sky
type(s). By default, the interior rendering shows the predominant weather condition for the corresponding period of
time, but the user can choose to view other sky conditions (if these occur during that period) by clicking on

“Manual Selection” in the “Sky Info” frame on the left.

Lightsolve — Analysis Results
File

[FProject_1

-Tempaoral

M

odel Info- -
Select Camerat [ 01 ] 1

Figure A.2. The Design Analysis interface.

Each of the Temporal Maps will ultimately correspond to a certain Area Of Interest (AOI) in the space, i.e. an area
over which the user was interested in getting detailed quantitative information (illuminance distribution, typically).
Additionally, it may depend on a viewpoint of interest (VOI) and/or on a time of interest (TOI) (see Figure A.1) in

case the time period over the year or the day where the fulfillment of these goals is important is restricted.



In fact, what will be displayed in the resulting temporal maps will not necessarily be related to actual variations in
illumination but rather to how closely the current design achieves certain performance goals that were previously
defined by the user. The Temporal Map shown in Figure A.3 illustrates this well: this graph shows the proportion
of a wall (AOI) that would fulfill certain illuminance requirements (minimum and maximum threshold); any portion
of the wall receiving either too much or not enough light at a given moment over the year will get only partial or no
“credit”, whereas a portion of the wall for which the illuminance falls within the prescribed range will get full credit.
For this particular example, one can see that the studied wall in the museum will perform poorly around midday
during the whole summer (area 1), reasonably well the rest of the day during the summer (areas 2), well during

the spring and fall except around midday (areas 3) and very well in the winter at any time (areas 4).
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Figure A.3. Goal-based Temporal Map for an exhibition wall in a museum project in Boston

Underneath the Temporal Maps on the analysis interface (Figure A.2), the “Sun Position Info” displays a rendering

of the currently investigated sky conditions and sun position (at the date and time currently being explored in the



active Temporal Map / interior rendering), both as a fish-eye view and as a 360° panoramic view of the building
site surroundings. Space is reserved for further developments of the interface, including a 3D interactive view of
the building model (to select interesting viewpoints) and exterior elevation and plan views including current sun

penetration angles and direct shadows.

More analysis options are actually offered. One is the possibility to visualize the “whole year” in terms of interior
renderings with the “Annual Image Map” displayed in Figure A.4, similarly to temporal maps (days along x axis,
time along y axis). By default, the set of images will be displayed so as to show the dominant sky type for the
period they represent, but the user can choose to only view one type of sky conditions, like “clear sky” conditions.

Ultimately, there will also be a “False Color Diagram” option enabled, that will display these images as false color

maps so as to emphasize the variation in light levels over that particular part of the space.
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Figure A.4. Annual Image Map display option.



Amongst the other “Analysis” options we find “Simulate Whole Day” or “Simulate Whole Year": these options
produce a “fake movie” of a day passing or of a given same time over the whole year in the active interior image

so that the range of daylighting conditions can be experienced as a sequence.

Finally, the “COMPARE" option allows the designer to compare interior views in a very flexible way: the user can
choose any design iteration stage (“Process”), any moment (representative time and date), any viewpoint
(previously defined as a “Camera” viewpoint, a feature under development) and any sky type and display the
corresponding rendering next to others for comparison, without having to jump back and forth in the main analysis

interface. The new window that appears when the user chooses that option is shown in Figure A.5.
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Figure A.5. Comparison Panel

In the near future, feedback from designers and architecture students will be gathered to ensure the adequacy of
this interface to answer their needs and to inform us about refinements and changes that would facilitate its

effective use in a design process.






