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ABSTRACT 

A 3-D projection routine is presented for use in computer graphics 
applications. The routine is simple enough to be considered portable, 
and easily modified for special problems. There is often the need to 
draw three-dimensional objects on a two-dimensional plotting surface. 
For the object to appear realistic, perspective effects must be included 
that allow near objects to appear larger than distant objects. Several 
3-D projection routines are commercially available, but they are 
proprietary, not portable, and not easily changed by the user. Most are 
restricted to surfaces that are functions of two variables. This makes 
them unsuitable for viewing physical objects such as accelerator 
prototypes or propagating beams. This report develops a very simple 
algorithm for 3-D projections; the core routine is only 39 FORTRAN lines 
long. It can be easily modified for special problems. Software 
dependent calls are confined to simple drivers that can be exchanged 
when different plotting software packages are used. 
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INTRODUCTION 

Computer generated pictures of three-dimensional objects are 
becoming increasingly useful aids in computer aided design and 
simulation. Unfortunately, most computer users are restricted by the 
graphics software that is commercially available. 
projection algorithms are too complicated for custom tailoring. The 
purpose of this report is to present a 3-D projection routine that is 
short, simple and portable. It is not the intention of this report to 
supply a large comprehensive 3-D graphics package. 
are included; they are easy to add and customize individually. 

They assume that 3-D 

No bells or whistles 

ALGORITHM 

The basic problem is to find the projection of a three-dimensional 
object onto a two-dimensional viewing plane. 
thought of as the translucent plotting surface or a sheet of paper. 
2-D image of the real 3-D object is projected onto the viewing surface. 
Suppose an observer located at a viewing location 3 (see Fig. 1) looks 
at the 3-D object through the viewing plane. Consider one "data" vector 
located on the object if. The projection of if onto the viewing plane, or 
the data to be plotted, is located at the intersection of the line 
connecting 3 and if with the viewing plane. 
connecting 3 and 8 is given by the set of vectors 8 such that 

The viewing plane can be 
The 

In parametric form, the line 

The scalar parameter a determines all points on the line that connect 3 
and 8, and in particular a takes on values between [0, 11 when 8 is 
between 3 and 8. 

is i f ,  which can be chosen arbitrarily by the viewer as long as it is on 
the viewing plane. 
additional point on the viewing plane is needed, along with a normal to 
the plane. 
viewing plane and preferably lies somewhere on the "x-axis" or 

Now consider the viewing plane. One reference point on the plane 

In order to completely specify the plane, one 

For convenience, choose another point $x which lies in the 

-4- 



of the viewing plane. Also for convenience, choose the normal S to be 
parallel to 3 - 8, the line that connects the viewer and the reference 
point on the viewing plane. Given 3, 3, and 8x, these definitions allow 
the computation of the unit vectors 6 ,  b, and S, which are located at 8, 
as in Figure 1. 

S = (3 - $)/I3 - $ 1  , 

i = (8x - - $ 1  

Note that these formulas for I ,  6, and S are chosen for convenience and 
simplicity. 
do as well. 

Any other set of orthogonal unit vectors on the plane would 

Finally, the intersection of the viewing plane with the line that 
connects the object and viewer can be computed. 
when d - 8 lies in the viewing plane and is perpendicular to the normal 

S, or 

The intersection occurs 

( i t - 8 , * S = O  . 

Substituting for 8 from Equation (1) into (3) yields 

which can be solved for the value of a at intersection, 

( 3 )  

Note that this is an easy calculation since the viewing position 3, the 
object position 8, and the normal S from (2) are known and determined by 
the viewer. 



Now that the precise location of the object's projection onto the 
viewing plane is known, it is easy to solve for the actual plotting 
coordinates. The point to be plotted is given by 

it = $ + a  i ( 8 - 3 )  
P 

In terms of the x - y coordinate system chosen by the viewer via 8 and 
8 the plotting coordinates are just X' 

By computing and then plotting the entire set of points (xp, yp) 
that make up the object, a 3-D projected representation of the object, 
with appropriate perspective will be drawn. 
containing this algorithm is in Appendix 1, called subroutine 11p3d.11 
The only problem that can occur is when the denominator of equation (5) 
is zero. This happens when the object and the viewer are both in the 
viewing plane, which should never occur. Nonetheless, the routine 
protects against this by returning the appropriate coordinates of the 
point in the viewing plane regardless of the observers inappropriate 
viewing location. 

A FORTRAN program 

Appendix 2 contains an auxiliary subroutine "box" which computes 
the corner points of an imaginary box that contains the object. 
the box location and size enables the plot to be scaled in such a way 
that the viewing plane is 'filled' by the object. It is often 
convenient to plot the box as well, since this often gives a better 
feeling of perspective. 

Knowing 

Appendix 3 contains subroutine "labl", a short software dependent 
routine that scales the plot and labels the axis. This routine must be 
modified if Sandia's plotting package weasel is not used. The 
modifications for other plotting packages are fairly obvious. Just 
locate (xmin, ymin) and (xmax9 ymaX ) on the lower left and upper right 
corners of the plotting device respectively. The calls to wcolor are 
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commented out only to show that color changes are possible, but 
optional . 

Appendix 4 contains the main program that produced Fig. 2. 
Figure 2 shows four views of the same object, illustrating how 
perspective effects are exaggerated when the viewer gets very close to 
the object. The only software dependent calls are to wstart and wend, 
to open and close the plotting software. 

First the viewing location is computed from a length (vmag) and a 
direction (e ,  9).  
line only 90% of vmag from the origin. 
Then subroutine box is called to compute and plot a box around the data. 
Lastly, the object is projected onto the viewing plane with a call to 
subroutine "p3d" and the point actually plotted with a call to driver. 
This process is repeated four times for different viewing locations. 

The viewing plane is located along the same radial 
Next the data is generated. 

Appendix 6 is another main program very similar to Appendix 5. The 
difference is three physically separate objects are plotted in the same 
box, and viewed from four different locations. Comparisons of Appendix 
5 and Appendix 6 illustrate the flexibility of the algDrithm in 1'p3d" 
and how complicated 3-D structures can be handled. 

Finally, Appendix 6 contains two auxiliary routines, a driver for 
plotting and a min-max routine. 
dependent routines confined to subroutines. 

Use of the driver keeps software 

SUMMARY 

A simple, portable 3-D projection algorithm is given that is useful 
in constructing complex 3-D images. 
sense that plotting software dependent calls are confined to two 
subroutines. 

The algorithm is portable in the 
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Appendix 1 

C 
c core 3d routine 
c finds projection of object data on image surface (plot) 
c for a given viewing position 

subroutine p3d (p, px, v, xd, yd, zd, xp, yp, nd) 
dimension p(l), px(l), v(1) 
dimension xd(l), yd(l), zd(l), xp(l), yp(1) 
dimension a ( 3 ) ,  b(3), c(3) 
data eps/l.e-32/ 

C 
c compute unit vectors in image plane 
C 

ax = px(1) - p(1) 

az = px(3) - p(3) 
am = sqrt(ax*ax + ay*ay + az*az) 
ax = ax/am 
ay = ay/am 
az = az/am 

aY = PX(2) - P(2) 

C 

cx = v(1) - p(1) 
CY = v(2) - P(2) 
cz = v(3) - p(3) 
cm = sqrt(cx*cx + cy*cy + cz*cz) 
cx = cx/cm 
cy = cy/cm 
cz = cz/cm 

bx = cy*az - cz*ay 
by = cz*ax - cx*az 
bz = cx*ay - cy*ax 

C 

C 
c compute image coordinates in image plane 
C 

do 20 n = 1, nd 
d = (xd(n) - v(l))*cx + (yd(n) - v(2))*cy + (zd(n) - v(~))*cz 

C 
c protect for both object and viewer in projection plane 
C 

if (abs(d).lt.eps) then 
xp(n) = (xd(n) - p(l))*ax + (yd(n) - p(2))*ay + (zd(n) - p(3))*az 
yp(n) = (xd(n) - p(l))*bx + (yd(n) - p(2))*by + (zd(n) - p(3))*bz 
go to 20 
end if 
alpha = ((~(1) - v(l))*cx + (p(2) - v(2))*cy + (p(3) - v(3))*cz)/d 
rix = v(1) + alpha*(xd(n) - v(1)) 
riy = v(2) + alpha*(yd(n) - v(2)) 
riz = v(3) + alpha*(zd(n) - v(3)) 
xp(n) = (rix - p(l))*ax + (riy - p(2))*ay + (riz - p(3))*az 
yp(n) = (rix - p(l))*bx + (riy - p(2))*by + (riz - p(3))*bz 
return 
end 

20 continue 
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Appendix 2 

C 
c subroutine scales data and draws box if iopt = 1 
C 

subroutine box (p, px., v ,  xd, yd, zd, xp, yp, nd, iopt) 
dimension xd(l), yd(l), zd(l), xp(l), yp(1) 
dimension p(3), px(3), v ( 3 )  
dimension xb(l6), yb(16), zb(16) 
dimension xmsk(l6), ymsk(l6), zmsk(l6) 
data xmsk/-l.,-l.,l.,l.,-l.,-l.,l.,l.,l.,l.,l.,l.,-l.,-l.,-l.,-l./ 
data ymsk/-l.,-l.,-l.,-l.,-l.,l.,l.,-l.,-l.,l.,l.,l.,l.,l.,l.,-l./ 
data zmsk/-l.,l.,l.,-l.,-l.,-l.,-l.,-l.,l.,l.,-l.,l.,l.,-l.,l.,l./ 

C 

c find max min of data 
C 

call aminmx(xd, 1, nd, 1, xmin, xmax) 
call aminmx(yd, 1, nd, 1, ymin, ymax) 
call aminmx(zd, 1, nd, 1, zmin, zmax) 

C 
c find coordinates of box enclosing data 
C 

do 10 i = 1, 16 
xb(i) = ifix(xmsk(i) + .l)*xmax - ifix(xmsk(i) - .l)*xmin 
yb(i) = ifix(ymsk(i) + .l)*ymax - ifix(ymsk(i) - .l)*ymin 
zb(i) = ifix(zmsk(i) + .l)*zmax - ifix(zmsk(i) - .l)*zmin 

10 continue 

c find image of box on image surface (plot) 
C 

C 
call p3d(p, PX, v ,  xb, yb, zb, XP, YP, 16) 

C 

c make sure plot max and min cause no distortion 

call aminmx(xp, 1, 16, 1, xprnin, xprnax) 
call aminmx(yp, 1, 16, 1, ypmin, ypmax) 
dx = xpmax - xpmin 
dy = ypmax - ypmin 
if (dx.gt.dy) then 
ypmax = ypmax + .5*(dx - dy) 
ypmin = ypmin - .5*(dx - dy) 
end if 
if (dy.gt.dx) then 
xpmax = xpmax + .5*(dy - dx) 
xpmin = xpmin - .S*(dy - dx) 
end if 

C 

C 
c set scale factors and labels for plot 
C 

call labl(xpmin, xpmax, ypmin, ypmax, 'xp', 'yp') 
C 
c plot box if iopt = 1 
C 

if (iopt.eq.1) call driver (xp, yp, 16) 
return 
end 



Appendix 3 

C 
C 
C 

set scales and label plot 

subrou-tine labl(xmin, xmax, ymin, ymax, nxlab, nylab) 
character*(*) nxlab, nylab 
data nplot/l/ 

C 
if (abs(xmax - xmin).lt.l.e - 32) return 
if (abs(ymax - ymin).lt.l.e - 32) return 

C 
C 
C 

C 
C 
C 

initialize 

call wttype('S0FT') 
call wspace('NDC') 
call wtsize(.03) 
call wspace('USER') 
stepx P (xmax - xmin)/5. 
stepy = (ymax - ymin)/5. 
call wtics(l0) 

axis 

xl = .4 
yl = . 4  
if (nplot.eq.1) then 
xo = -05 
YO = -05 
call wcolor('BLUE') 

end i f  
if (nplot.eq.2) then 
xo = -05 
yo = .55 
call wcolor('RED') 

end if 
if (nplot.eq.3) then 
xo = .6 
yo = .55 
call wcolor('GREEN') 

end if 
if (nplot.eq.4) then 

xo = - 6  
YO = a05 
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Appendix 3 ,  cont. 

C call wcolor('CYAN') 
end if 
call wstyle('NONUl4BERS') 
call wstyle('N0TICS') 
call wstyle('FL1PPED') 
call wxaxis(xo, yo + yl, xl, xmin, xmax, stepx, nxlab) 
call wyaxis(xo + xl, yo, yl, ymin, ymax, stepy, nylab) 
call wstyle('N0FLIPPED') 
call wxaxis(xo, yo, xl, xmin, xmax, stepx, nxlab) 
call wyaxis(xo, yo, yl, ymin, ymax, stepy, nylab) 

nplot = nplot + 1 
if (nplot.gt.5) then 

C 

nplot = 1 
call wnewpg 
end if 

return 
end. 

C 



Appendix 4 
C 
c main program to demonstrate 3-d projection plotting 
C 

parameter (nd = 2000) 
dimension p(3), px(3), v(3) 
dimension xd(nd), yd(nd), zd(nd) 
dimension xp(nd), yp(nd) 

C 
c open plotting software 

call wstart(l., 0 )  
C 

C 
c define viewing location, image plane location 
c and point on x-axis of image plane coordinate system 
C 

dr = .5 
do 100 nr P 1, 4 
vrnag = 1. + dr*float(nr) 
theta = -30.*(2.*3.1415926535/360.) 

v(1) = vmag*cos(theta)*sin(phi) 
v ( 2 )  = vmag*sin(theta)*sin(phi) 
v(3) = vmag*cos(phi) 
pmag = .9*vmag 
p(1) = pmag*cos(theta)*sin(phi) 
p ( 2 )  = pmag*sin(theta)*sin(phi) 
p(3) = pmag*cos(phi) 
px(1) = pmag*cos(theta + .001)*sin(phi) 
px(2) = pmag*sin(theta + .001)*sin(phi) 
px(3) = pmag*cos(phi) 

phi = 65.*(2.*3.1415926535/360.) 

C 
c generate data for object 
C 

rd = nd - 1 
do 10 n = 1, nd 
r n - n -  1 
xd(n) = cos(2.*3.1415825535*rn/rd) 
yd(n) = sin(2.*3.1415825535*rn/rd) 
zd(n) = .2*cos(80.*3.415825535*rn/rd) 

10 continue 

c draw box around object 
C 

C 
call box(p, px, v, xd, yd, zd, XP, YP, nd) 
call driver(xp, yp, nd) 

C 
c draw object 

C call p3d(p, px, v, xd, yd, zd, XP, YP, nd) 
C 

call driver (xp, yp, nd) 
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Appendix 4, cont. 

C 
c go to next- frame 

C call wnewpg 
100 continue 

c close plotting software 

C 

C 

C 
call wend 
stop 
end 
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Appendix 5 

main program to demonstrate 3-d projection plotting 
three objects in a box 

parameter (ndl = 2000, nd2 = 2000, nd3 = 2000, nd = ndl + nd2 + nd3) 
dimension p(3), px(3), v(3) 
dimension xdl(ndl), ydl(ndl), zdl(nd1) 
dimension xd2(nd2), yd2(nd2), zd2(nd2) 
dimension xd3(nd3), yd3(nd3), zd3(nd3) 
dimension xd(nd), yd(nd), zd(nd) 
dimension xp(nd), yp(nd) 

open plotting software 

call wstart(l., 0) 

define viewing location, image plane location 
point on x-axis of image plane coordinate system c and 

C 

C 

vmag = 12. 
do 100 nt = 1, 4 
theta 5: -30.*float(nt - 1)*(2.*3.1415926535/360.) 
phi = 60.*(2.*3.1415926535/360.) 
v(1) t vmag*cos(theta)*sin(phi) 
v(2) = vmag*sin(theta)*sin(phi) 
v (  3) = vmag*cos( phi) 
pmag = .9*vmag 
p ( 1 )  = pmag*cos(theta)*sin(phi) 
p ( 2 )  = pmag*sin(theta)*sin(phi) 
p(3) = pmag*cos(phi) 
px(1) = pmag*cos(theta + .001)*sin(phi) 
px(2) = pmag*sin(theta + .001)*sin(phi) 
px(3) = pmag*cos(phi) 

c generate data for object #1 
C 

do 10 n = 1, ndl 
rn = n 
rd = ndl 
xdl(n) = (rn - .5*rd)**2/(.5*rd)**2 - 3. 
ydl(n) = (rn/rd)**2*sin(.l*rn) 
zdl(n) I (rn/rd)**2*cos(.l*rn) 
xd(n) = xdl(n) 

zd(n) = zdl(n) 
yd(n) = ydl(n) 

10 continue 

c generate data for object #2 
C 

C 
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Appendix 5, cont. 

do 20 n = 1, nd2 
rn = n 
rd = nd2 
xd2(n) = (rn - .5*rd)**2/(.5*rd)**2. 
yd2(n) = (rn/rd)**2*sin(.l*rn) 
zd2(n) = (rn/rd)**2*cos(.l*rn) 
xd(n + ndl) = xd2(n) 
yd(n + ndl) = yd2(n) 
zd(n + ndl) = zd2(n) 

20 continue 

c generate data for object #3 

do 30 n = 1, ndl 

C 

C 

rn = n 
rd = nd3 
xd3(n) = (rn - .5*rd)**2/(.5*rd)**2 + 3. 
yd3(n) = (rn/rd)**2*sin(.l*rn) 
Zd3(n) = (rn/rd)**2*cos(.l*rn) 
xd(n + ndl + nd2) = xd3(n) 
yd(n + ndl + nd2) = yd3(n) 
zd(n + ndl + nd2) = zd3(n) 

30 continue 

c draw box around all objects 
C 

C 
call box(p, PX, v, xd, yd, zd, XP, YP, nd, 1) 

C 

c draw object #1 
C 

call p3d(p, px, v, xdl, ydl, zdl, xp, yp, ndl) 
call driver(xp, yp, ndl) 

C 
c draw object #2 
C 

call p3d(p, px, v, xd2, yd2, zd2, xp, yp, nd2) 
call driver (xp, yp, nd2) 

C 
c draw object #3 
C 

call p3d(p, px, v, xd3, yd3, zd3, xp, yp, nd3) 
call driver(xp, yp nd3) 

C 
c go to next frame 

C call wnewpg 
100 continue 

c close plotting software 

C 

C 

C 
call wend 
stop 
end 



Appendix 6 

C 
c simple plotting driver 
C 

subroutine driver(xp, yp, np) 
dimension xp(l), yp(1) 
if (np.eq.0) return 

c disspla call curve (xp, yp, np,O) 
call wdraw(xp, yp, np,O) 
return 
end 

C 
c max 
C 

10 

min finder 

subroutine aminmx(a, ns, nf, ni, amin, amax) 
dimension a(1) 
amin = a(1) 
amax = amin 
do 10 i = ns, nf, ni 
if (a(i).lt.amin)amin = a(i) 
if (a(i).gt.amax)amax = a(i) 
continue 
ret urn 
end 
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Figure 2 

Plots of one object from the same angle along different 
radii illustrating perspective distortion effects. The 
program which made these plots is in Appendix 4 .  
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Plots  of three objects from four different viewing 
angles. 
Appendix 5. 

These plots were created by the program in 
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