VISIBLE REAL AREA OF AVERAGE
KOREAN ADULT-
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I. INTRODUCTION

People respond to their environment in many
ways, and many factors affect their health
and attitude: the size of the space in which
they work and live, air quality (heat,
humidity, odors, air movement), noise, light,
etc. Thermal radiation is also a significant
factor affecting thermal comfort in many
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types of artificial environments. Mean radiant

. temperature is a measurement of this thermal

exchange. Previous paper[4] described the
methods for finding geometrical surface data
for an average Korean adult. The first step to
find mean radiant temperature for Korean
adult is to determine visible real area of an
average Korean adult Developing visible real
area of an average Korean adult, visible
projected area, effective radiation area, visible
project area factor, and form factor of an
average Korean adult will be found.

This paper describes methods for finding the
Cartesian components of view point of an
average Korean male, determining the visible
real area of an averaged Korean male for
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each separate part of human body with
hidden surfaces, and computing the visible
real area of an average Korean male for each
separate part of human body with hidden
surfaces subtracted.

II. FINDING THE CARTESIAN
COMPONENS OF VIEW POI-
- NT(X0,Y0,20) OF AN AVER-
AGE KOREAN MALE

To find the visible real area, the Cartesian
components of the view point(x0,y0,z0) are
needed. To convert the view point expressed
in the spherical coordinate system to this
‘view point in the Cartesian coordinate system,
the following process is needed[6].

sin(B) = “‘;’:
y=rsin(f) -—— (1)
tan(ﬁ)=3; - (2)

substitute equation (2) into equation (1):

—

1Az
belal =

cefy

Figure 1 View point in spherical coordinate
system

=2 = rsin(B)
tan(f)  tan(B)

---(3)

tan (g1) — 02 ey

substitute equation (1) and equation (3) to
equation (4):

_ _rsin(B) +cefy
tan (1) = rcos(B)

_ -1 _rsin(B) +cefy
Al = tan rcos( )

where cefy = 100.0 cm for adult

Finally, the components of the view point in
the Cartesian coordinate system can be found

using the spherical coordinate system.

20 = rcos( Bl)sin(a)
30 = rsin( 1)
20 = rcos( A1) cos ()

III. DETERMINING THE REAL
AREA OF A TRIANGLE FOR
AN AVERAGE KOREAN MALE

Using data file of Korean adult, the x, y,
and’ z components of each triangle can be
known. After the components of Al, A2, and
A3 are found, the real triangle area of
triangle can be found using the following -

formula:
real or perpendicular area of triangle =
V (s(s—al)(s—a2)(s—a3)
where 2s=al +d2+a3
al,d2,and a3 = length of triangle
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Figure 2 Real area of a triangle

IV. COMPUTING THE VISIBLE
REAL AREA OF AN AVER-
AGE KOREAN MALE FOR
EACH SEPARATE PART OF
THE HUMAN BODY WITH
HIDDEN SURFACES

The triangle’s vertices and the location of
the view point are arbitrary.The steps to find
the visible real area of a triangle in each part
of an human body are as follows;

1) find the normal vector N, N=ax b
vectora=vector A1A2 = (x2-x1,y2-yl,z22-z1)
vectorb=vector A1A3 = (x3-x1,y3-yl1,z3-z1)
normal vector N = (Nx,NyNz) =ax b
Nx = (y2-y1)(z3-z1)-(z2-z1 )}(y3-y1)

Ny = (22-z1)(x3~x1)-(x2-x1)(z3-z1)

Nz = (x2-x1)(y3-yD)-(y2-y1)(%x3-x1)

2) find a line of sight vector W_ extending
from . a center point of triangle
AlA2A3(Cex,Cey,Cez) to the view point

A0(x0,y0,20)

vectorW = (Wx,Wy,Wz) =
(x0-Cex,y0-Cey,z0-Cez)

3) find the visible surface(triangle)
If the surface is visible, the dot product of
vector N from 1) and vector W from 2)

must be positive.

V. FINDING THE VISIBLE REAL
AREA OF AN AVERAGE KO-
REAN MALE COMBINING ALL
PARTS OF THE HUMAN BO-
DY WITH THE HIDDEN SU-
RFACES SUBTRACTED

Using step 2) and step 3), the visible real
area of each triangular element of  each
part of human body was found. The next
step is to find the visible real area with
hidden surfaces subtracted. The procedure to
find these is as follows:

(1) find the equétion of the plane passing
through three points (each triangle plane
equation).

1) general equation of plane;
ax +by +cz+d=0--—-(1)

2) substitute the components of three points,
(x1,y1,21), (x2,y2,22), and (x3,y3,z3)

into general equation of plane in equation (1).
axl + byl + ¢zl +d =0 - (2)

ax2 + by2 + ¢c22 +d =0 —~ (3)

ax3 + by3 + cz3 +d =0 -— (4)

3) equation (2) minus equation (3),
alx1-x2)+blyl-y2)+c(zl1-22) = 0 ——- (5)



4 ®I5FATEA A7H A1E (199. 6)

equation(2) minus equation(4),
a(x1-x3)+b(y2-y3)+c(z2-23) = 0 --- (6)
4) from equation (5),

b=7;fEE5[cm-wna+(£—and

-—=(7)
(6),

(Zl 23) [ (Xv?) xl)a+ (JB yl)b]

-==(8)
5) substitute equation (8) into equation (7):

b= ka )

where

from equation

—x1)

p= (21 —28)(x2 — x1) + (2 —21)(x3
(51 —32)(21—23) — (48 ~31)(2

6) substitute equation (9) into equation (8):

_(B=x)+(B— yl)k L
c (1—23) (10)
7) substitute equation (9) and (10) into

equation (2):

(63 —x1)+ (43 —y_)k

(21 —23)
--= (11)

d=—alxl1+k1+

8) substitute equation (9), (10), and (11)

into equation (1).
Finally, equation of the plane passing through

the three points is as follows;

(B3—xl)+ (33— yl)k
(21 —23)
—xD+(B8—vl)k Al=

(21 —23)

xt+ky+
[+ kil + B

—z1)

0

AD(x0,y0,20)

(2) find point of intersection of the line and

plane

nn,z1nn)

(x1nn,

i
9(2.y2,22)

A3(x3y3.23)

.y2nn,z2nn)

(x3nn,y3nn,z3nn)

Figure 3 Line and plane intersection point

1) find equation AOAl,_
which is not perpendicular

AOA2, and AOA3

(x=a) _ (y=3) _ (z=a) _ 4,
(x1—20) (¥ —30) = (21—20)
| _ - (1)
(x=a) _ _(y=30) _ (2=20) _ 4
(2=20) ~ (2—0) ~ (2—20)

-— (2)
(x=20) . (v=30) _ (2=20) _ g9
(B3—a)) (38— W) (z3 20)

--- 3

2) find any point p which is not perpendicular
on line AQAl:

X = (x1-x0)e10+x0

vy = (y1-y0)cl10+y0

z = (z1-20)c10+20 ~— (4)

n

on line AQAZ:

x = (x2-x0)c20+x0

y = (y2-y0)c20+y0

z = (22-20)c20+z0 -—- ()

on line AQA3:

x = (x3-x0)e30+x0

y = (y3-y0)c30+y0

z = (z3-z00c30+20 ~-- (6)
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3) substitute equations (4), (5), and (6) into

plane equation 2-4-1):

0 =-441 —23)[ (2] —0) + k(] ~30)]1 + (2] —20)[ (x3 —x1) + (33 —y1)k]
(=B (31— 20) + K51 —30)] + (el — 20 (3 =) + (38— D]

-—=(7)

Q0 = (21 =23)[ (ol — ) + Ryl — 3] + (21 —20)[ (23 —x1) + (H3 —y1) k]
(21 —2B) (a2 —A0) + k(2 —30)] + (22 — ) (o3 —«1) + (53 —y1)£]

--= (8)

_ (21 ~23) (61 —0) + A(y1 —30)] + (2] —20)[ (%3 —x1) + (143 =1 )]

0 ="C =B (B—0) + OB —30)] + (23 —20)[ (x3—21) + G3—31)k]

)]

4) substitute equation (7) into equations (4):
x1nn = (x1-x0)c10+x0
yinn = (y1-y0)cl0+y0
zlnn = (z1-z0)c10+z0

5) substitute eqguation (8) into equations (5):
x2nn = (x2-x0)c20+x0 -

H

y2nn
z2nn

(y2-y0)c20+y0
(22-20)c20+20

6) substitute equation (9) into equations (6):
x3nn = (x3-x0)c30+x0
y3nn = (y3-y0)c30+y0
z3nn = (23-zMc30+z0

VISIBLE REAL AREA (KOREAN ADULT)

V1. CONCLUSION

After the hidden components of Al, A2, and
A3 are found, the hidden real area of triangle
can be found using the same method as in
step III. Finally, the visible real area can be
found by using the resuit of step HI minus
that of step V.

Developing visible real area of an average
Korean adult, visible projected area, effective
radiation area, visible project area factor, and

BETA
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Figure 4 Visible real area of average Korea adult
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form factor of an average Korean adult will
be found.

The visible real areas with hidden surfaces
subtracted for a Korean adult (Figure 4) are
in the following page.

Future work will include the development of
visible project area, effective radiation area
and factor, form factor, and mean radiation
- temperature of an average Korean adult.

REFERENCES

1. "Physiological Principles, Comfort, and
Health”, Chapter 8, ASHRAE Fundamentals
Handbook, 1989

2. BW. Olesen, ]J.Rosendahal, L.N. Kalisperis,
LH. Summers, M. Steinman, "Method for
Measuring and Evaluating the Thermal
Radiation in a Room”, ASHRAE Transactuons,
1989, V.95, pt. 1.

3. C.B. Christensen, "Effects of Radiant Heat

Exchange and Mean Radiant Temperature

on Predicted Heating Energy
Saving”, ASHRAE Transactions, 1989,
V.95, pt.1.

4. Cheol Soo Son, "Geometrical Surface Data

for a Korean Adult”, The Korean Housing
Association, 1995, V.6-2.

5. Dryfuss, Human Scale 1, 2, 3, 4, 5, 6,
Drevfuss Associates, MIT Press, Cambridge,
MA, 1981 :

6. Erwin Kreysziig, Advanced Epgineering
Mathematics, Chapter 8, John Wiley &
Sons, New York, 1988

7. Fanger, P.O., Thermal Comfort, Chapter 6
Me Graw-Hill Book Company, New
York, 1970

8. Faye C. McQuiston and Jerald D. Paker,
Heating, Ventilating, and Air conditioning
analysis and design, John Wiley & Sons
Inc., New York,1988

9. HUMANCAD Company, Introducing Mannequin,
HUMANCAD, New York, 1991

10. John R. Howell, Thermal Radiation Heat
Transfer,” Chapter 2, Hemisphere
Publishing Coporation, New York, 1981

11, JP. Holman, Heating Transfer, Mc
Graw-Hill Book Company, New York,
1972

12 National Statistical ~Office - Republic of
korea, Korean Statical Yearbook, Vol. 41,
Seoul, 1994 ‘

13. Roy E. Myers, Microcomputer Graphics,
Addison-Wesley Publishing Company,
Massachusetts, 1932

14. Steinman, M., Kalisperis, L.H.Summers,

- "MRT-Correction Method: ~A. New
Method of Radiant .Heat Exchange”,
-ASHRAE Transactions, 1989, V.95, pt.l.

15. W. David Bevirt, Environmental System

Technology, NEBB, VA '



