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Introduction

Windows are used to provide a visual connec-
tion between indoors and outdoors, ventilating
and daylighting for interiors and for the reduc-
tion of heating energy through solar energy uti-
lization. This solar energy, however, is often so
intensive that counter measures should be taken
in order to maintain comfortable indoor condi-
tions. Air conditioning is one counteraction. In
order to reduce cooling load, it is highly recom-
mended to use shading devices. When shading
devices are applied in combination with the
glass, they can modify the thermal effect of win-
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dows to a very great extent(Givoni 1981). The
most effective shading devices on reducing coo-
ling load are exterior types such as overhang
(Anderson, 1977).

The effectiveness of an external shading de-
vice depends on its geometry, the sun path, and
the orientation of the building. Since these fac-
tors are interrelated dynamically, it 1s extremely
difficult for the building desinger to predict in-
tuitively how the shadow is cast by the external
shading device on the window area, and as a
result, it many not possible to fortell how much
cooling load can be saved by the projected exte-
rnal shading device. Due to the inherent comp-
lexity of the calculations for the shadow cast
and energy analysis, the designer needs to de-

37



Shadow Analysis . A Visual Analysis Model for the Performance of External Shading Devices/Won Jin Tae

pend on existing energy analysis software. Most
of the designers, however, seem reluctant to
use such software, because most existing energy
analysis software have not been developed for
the designers, and they require a deep technical
knowledge(i.e. thermal and lighting) the desig-
ners do not have. The desingers tend to leave
even a small problem to energy analysis experts,
instead of utilizing the software. For the desig-
ners, analysis software should be simple and

easy-to-handle like a small calculator at their
desk. Since computer graphics could be a powe-
rful visual analysis communication tool in the
building design process, the above problem mi-
ght be solved through a computerized graphical
interface in the early design stage.

The research described in this paper involves
the development of a computer program which
aims the following objectives - 1) to facilitate
the description of external shading device’s
geometry through an integrated graphic input
model 2) to simulate the relationship of the ex-
ternal shading device and shadow based on sun
path, the orientation of building, 3) to visualize
the shadow casting by projected shading devices,
and 4) to help building designers to find possi-
ble solutions for energy-efficient external sha-
ding device.

ShadowAnalysis - a program for
shadow analysis

A program has been developed to help the
designers who want to intuitively create various
external shading devices and to obtain the im-
mediate results of shadow cast by the external
shading devices under the dynamic sun’s posi-
tion. The computer program is called ShadowA-
nalysis. The program is written in C programing
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language and it is implemented on Apple Macin-
tosh computers. The Macintosh was selected be-
cause 1t is considered to provide computer users
with an intuitive drawing environment .and hi-
ghly interactive user interface through the
mouse operation. The ShadowAnalysis supports
three functions. The first function provides the
designers with a modeling environment to
create two/three dimensional external shading
devices. The designers will use a set of palette
of drawing tools such as single lines, polylines,
rectangles and circles to create wireframe of

the shading devices. Sophisticated and dynamic
data structures for the three dimensional wiref-
ramed objects were programmed inside. The
second function will display the shaded areas
by the device on the three facades(South, East
and West) of the building under the dynamic
sun’ s position. An existing algorithm which cal-
culates azimuth and altitude angles according
to the sun’s position was utilized (ASHRAE,
1981). The third function provicdes the areas
shaded at a specific hour of the day or accumu-
lated during the day. All of the functions are
performed by evoking items in a pull-down
menu.

Modeling Environment

The modeling environment consists of four
separate Windows on the Macintosh screen - a
SouthFacade Window, a EastFacade Window, a
WestFacade Window and a SideView Window
as shown m Figure 1.

Each window represents an elevation facing
the orientation accordingly ; the SouthFacade
window represents the south elevation. the Sou-
thFacade window is the working window where
all interactive drawing takes place and will be
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'Fig. 1 Shadow Analysis is displaying a window frame and shading device in the three Windows.

used to draw various external shading devices
utilizing a very simple palette of graphic tools
. line, polyline, rectangle, circle and oval. In
Figure 1, a window frame and a shading device
(above the window) are drawn on the south
elevation of the building in two dimenison using
the rectangle tool.

If cast and west elevation have the same exte-
rmal shading device and window frame as the
south elevation has, the EastFacade and West-
Facade windows concurrently display identical
shading device and window frame. Those two
windows are automatically updated as drawing
takes place in the SouthFacade Window. This

might help designers to avoid redrawing the
shading device on the south facade at the east
and west facade of the building. The SideWiew
Window in Figure 1 is empty at the present
time, because the window and device are drawn
in two dimension on the facade.

Since the external shading device and window
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frame are drawn in two dimension, it 1S neces-
sary for the shading device to be a solid object.
This is done by extruding the two-dimentsonal
shading device drawing from the facade in this
program. The procedure for extrusion requires
first selection of the shading device consisting
of lines or polylines, and secondly to give a thic-
kness for the device through a user interactive
dialog box as shown in Figure 2.

Three options are provided for the extrusion.
The first option is a perpendicular extrusion
or a 90 angle extrusion which can construct ho-
rizontal shading devices perpendicular to the
facade. The second on is an oblique extrusion
which can create the shading device with an
angle other than 90 degrees. The third one is
a revolution which can create curved shading
devices such as venetian blind. A rotation axis
and start and end angles should be given for
the revolution. The SideView window is used
to examine the results of the extrusion. Figure
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Fig. 3 Results of extrusion for shading device

3 shows the results of extrusion in SideView
window when three options are applied for the
shading device shown in Figure 1.

Shadow Cast

The shadow cast on the facade by sunlight
can be determined by the solar azimuth and
altitude for a given geographical latitude of the
building and time of the day.

All these data should be provided through
the user interactive dialog box as shown in Fi-
gure 4.
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The program, then, calculates the current sun
position according to the given data and display
the resulting shadow cast on the SouthView wi-
ndow. At the same time, the program calculates
the shaded area and displays it close to the sha-
ding device. Figure 5 shows the shadow cast
and shaded area in the SouthFecade window
when the shading device is used in Figure 1.

How the shadow will be cast by the shading
device during the day is often an important is-
sue. For the case, it is anticipated that the prog-
ram will be added a function that can animate
shadow cast during the day.

In the schematic design phase of external
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Fig. 4 A user interactive diélog box for determining the solar position.
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Fig. 5 A-Shadow displays the shadow casting and shaded area.

shading devices, the designer could generate
several alternatives/variations within a short
time frame and wishes to compare their perfor-
mance with each other immediately in terms
of shadow cast for the alternatives. Figure 6
shows the resulting shadow cast for four diffe-
rent shading devices at solar noon time. Based
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on the shadow cast of the alternatives, the desi-
gner could get an idea which device performs
better in terms of shaded areas. The designer
may select one of them to conduct further sensi-
tive analysis, for example, by changing the loca-

tion of the shading device around the window
frame.

41



Shadow Analysis : A Visual Analysis Model for the Performance of External Shading Devices/Won Jin Tae

"o Flie @It tpeclal Draw Transformolion Solection Shedowdinwuletion (h

. PRI (|

_ Sidaltew

l‘u_n‘n_raug_! )

el Ll RS R Lt TRTE

. -~ -

Y|

&

1

Fig. 6 Shadow castings for four different shading devices.

Output of the program

The designer may need information during
the drawing of the shading device. The informa-
tion could include the dimensions of the window
frame and the shading devides, location of the
shading devices, and so on. This information
may be critical to check issues such as the const-

ruction feasibility and initial cost effectiveness

of the shading devices. The program has a fune-
tion to provide numerical output for the shading
devices the designer generated. The numerical

output is mainly orientation, coordinates of the
shading device, shadow area at a specific time
and accumulation of the day. At the present
time, the output is not displayed on the mode-
ling window but in a separate data file(the desi-
gners should open the file to look into). It is
however anticipated that the output will be on
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the window when this program is completed.
The Figure/shows the format and output for
the shading device in Figure 1.

Orientation . South
Coordinates -

point X y Z
1 -0.5 1.0 0.0
2 60 1.0 0.0
3 6.0 0.5 0.0
4 -0.5 - 05 0.0
5 05 | 10 3.0
6 6.0 10 30
7 6.0 0.5 30
8 -0.5 0.5 0.0

Shaded area -
at Noon . 749 sf |
accumulation for the day : 15.23 sf

Fig. 7 The format and output for the shading
device in Fig. 1.
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The program can release the output related
to the shading device at the East and West ele-
vation if necessary. When the designer wants
to compare several alternative shading devices,
the program does not give the output deseribed
above, but provides the shaded areas only in
the present time.

It should be noted that the values of the sha-
ded area calculated by this program may be dif-
ferent from the values measured in actual situa-
tions. The program calculates the shaded area
by counting the pixels inside the shaded region
on the Macintosh screen. Program does not
count pixels if they are on the boundary of the
shaded region. This happens when the shaded
region 1s an irregular shape.

Conclusion

The complexity and tedious calculations for
shadow cast by the external shading device,
even with a simple geometry, is difficult to imp-
lement by the designer in the early design stage.
Although the ShadowAnalysis program is not
complete and still needs development, it shows
a potential ability to visualize the external sha-
ding device performance according to the dyna-
mic solar position, to contribute toward more
energy efficient design in building in the follo-
wing ways at the early design stage. A designer,
even who has little CAD experience(i. e. MacD-
raw level), can design easily the external sha-
ding device using a very simple palette of gra-
phic tools - lines, polylines, rectangles, circles
and ovals. Three-dimension wireframe of the
shading device is easily constructed through the
user interface dialog box. When the designer
wants to generate shadow cast, what the desig-

ner has to simply type the geographical latitude,
the number of days in a year, and time of the
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day through the dialog box and the program
can generate shadow cast either for a specific
time or for the day.

As demonstrated above, with the ShadowAna-
lysis, the designer can easily understand the
effect of the shading device on the window area,
and visually evaluate its performance. In addi-
tions, the designer might have the most favora-
ble external shading device among the alternati-
ves through the visualization.

Students are often at loss when they want
to express shadow on elevation or on the site
plan drawing. Defining shadow patterns on the
elevation would be confusing and difficult, espe-
cially when a building has complex architectural
elements on the facade. The author will conti-
nually develop and extend the capability of the
ShadowAnalysis program in order help students
for such a problem.
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by the microclimate around buildings. It is the first method to improve energy conservation effect
of buildings and the ways to utilize natural energy for the comfortable residential environment
that the difference between the microclimate condition and the indoor thermal condition is made
in minimum as far as possible. There are many factors to control and minimize the difference,
but landscape element is the major one among the factors. In this respect, the report analyzes
landscape elements and their function to control microclimate and presents basic data for the
desirable landscape planning mehtods to improve energy conservation effect of buildings and
to attain the comfortable residential environment

Trends of International Daylight Measurement

Programme

Hway-Suh Kim
Dept. of Architecture, Dan-Kook Univ.

In recent year in many countries with various climatic conditions are becoming very widely
used with daylighting system based on maximum used of the Sunlight. This paper will present
on trend of International Daylight Measurement program which has already organized by CIE
technical committe called TC307.

The International Daylight Measurement Year(IDMY) has been decided to be initiated at the
beginning of 1991 to collect various kind of daylight and solar radiation data all over the world.
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