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FORTaFaN SUBROUTINE FOR ROTATION OF 
TNREE-DIMENSIONAL LINE FIGURES 

By Kenneth Paciula-n 

In projecting a three-dimensional line figure onto a plane, 
it is sometimes necessary to choose more than one projection of 
the figure in order to obtain a clear idea of what the projection 
represents. This can be done by rotating the object and pro- 
jecting it onto the original plane. The computations involved 
are explained, and a FORTWN subroutine to carry out these com- 
putations is described in detail. 

INTRODUCTION 

With the use of computer graphics becoming more and more 
common in the scientific community, certain problems have been 
encountered. The problem which is dealt with below concerns the 
use of two-dimensional projections of three-dimensional line 
figures. The projection of a line figure in space onto a plane 
can cause two lines to be superimposed if the plane determined by 
these two lines contains the viewing point, i.e., the point 
where the eye of an observer would be when viewing the object. 
This will result in the two lines being plotted by the computer 
as one line, This will lead to confusion in determining the 
exact location of each line. The solution to this problem is an 
easy one. All that is necessary is to view the figure from a 
point not in the plane of the two lines. This can be accom- 
plished by rotating the entire line figure until a suitable 
vantage point is attained. 

With continued improvements in computer graphics equipment, 
more and more people are using projection of three-dimensional 
objects onto a plane for displaying figures. The projection of 
three-dimensional objects onto a plane has been a useful tool for 
scientists in a variety of fields. Having at hand a computer- 
drawn picture of some unconstructed'hardware, one can adjust the 
parts and specifications without having to build prototypes which 
may turn out to be useless. 

As the figures become more and more intricate, it sometimes 
becomes difficult to distinguish lines or parts. A line may be 
directly behind another line and thus disappear in a projection. 
The distance to that hidden line would be uncertain. In order 
to determine correctly the length of a line and its distance from 
a reference point, one would have to view the object from a 
different vantage point, 



This ROTATE subroutine gives the viewer the option of 
choosing any vantage point from which to view the figure. This 
is done by rotating the figure around fixed axes. A continuous 
series of rotations can be performed at small angle increments 
to generate a movie in which the object is viewed from a con- 
stantly changing viewpoint, The figure would appear to be rota- 
ting in space while being viewed from a fixed point. The angle 
increments can be arbitrarily chosen to control the speed at 
which one revolution is made, 

The rotation can occur around any one, two, or all three of 
the orthogonal coordinate axes. Picking appropriate angle 
increments for the three axes can give the object the appearance 
of spinning. The order of successive rotations, when more than 
one axis is used, will be discussed later. 

This subroutine uses figures composed of straight line seg- 
ments. There can be any number of segments in the figure, 
Curved lines can be formed by using a large number of small 
straight line segments. The rotation of these small lines will 
preserve the shape of the curve, 

The coordinate system used in this subroutine is shown in 
Figure 1, The three angles required for this program give the 
rotations around the x-axis, the y-axis, and the z-axis 

Figure 1.- Coordinate system used in this subroutine 



r e s p e c t i v e l y .  The r o t a t i o n  around t h e  x-axis  i s  i n  t h e  d i r e c t i o n  
from t h e  +y-axis t o  t h e  +z-ax is ;  f o r  t h e  y-ax is ,  it i s  from t h e  
+z-axis  t o  t h e  +x-axis ;  f o r  t h e  z -ax is ,  it i s  from t h e  +x-axis  
t o  t h e  +y-axis .  These r o t a t i o n s  a r e  shown i n  F igu re  2, 

X - A X I S  
ROTATION 

Figure  2 . -  D i r ec t ions  of r o t a t i o n  around t h e  i n d i v i d u a l  axes  



This subroutine will rotate an object around the x-axis 
first, then the y-axis, and finally, the z-axis, This must be 
taken into consideration when rotating an object since, for 
example, an x-axis rotation followed by a y-axis rotation will 
generally give a different orientation from the one obtained by 
applying the y-axis rotation first, This can be shown by a 
simple example. Given the line segment from the origin, (0, 0, O ) ,  
to the point (1, 1, l), a rotation of 90° around the x-axis will 
yield the line segment from (0, 0, 0) to (1, -1, 1). Now a 
rotation of 90° around the y-axis will give the line segment from 
0 0 0 to (1, -1, l . If one had applied the y-axis rotation 
first, the original line would have been first rotated to corres- 
pond to the line from (0, 0, 0) to (1, 1, -1) . To then apply 
the x-axis rotation would have returned the line to its original 
position. Thus, care must be taken in choosing the appropriate 
angles. This can be avoided to some extent by making two 
separate calls to the subroutine if a different sequence of 
rotations is required. 

The method by which the rotation takes place is based on 
simple trigonometric functions. The process is described for one 
representative rotation, that of z-axis rotation, and can be 
applied to the other two by appropriate renaming of the axes. The 
rotation of a line is performed by calculating the new positions 
of the endpoints from the old ones. 

Since the rotation around the z-axis is from the +x-axis to 
the +y-axis, the names abscissa and ordinate will be applied to 
the axes such that the rotation will always be from the 
+-abscissa to the +-ordinate. In this case, the x-coordinates 
are the abscissas, and the y-coordinates are the ordinates. A 
point rotating around the axis will describe a circle lying in a 
plane which is perpendicular to the axis. Thus the coordinate 
along the axis will remain the same. 

The endpoints of a line can be projected onto any plane per- 
pendicular to the rotation axis without changing the values of the 
abscissas and the ordinates. In this case, the plane containing 
the x- and y-axes has been chosen for simplicity. A representative 
line will be taken so that one endpoint is at (0 ,  0, 0 ) ;  then 
only one endpoint will be moved by any rotation, since (0,  0, 0) 
is a fixed point in space. If the line does not end at the 
origin, then each endpoint is rotated separately, and the new 
points are connected to form that line in its new position. 

There are three possibilities for the location of the end- 
point when it is projected onto the plane, The first is that the 
point will lie on the abscissa axis; the second is that it will 
be on the ordinate axis; the last case is that the point will lie 
between the two axes. 



The f i r s t  c a s e  i s  t h e  one i n  which t h e  o r d i n a t e  equa ls  zero 
( s e e  F igure  3 ) .  From t h e  diagram, it i s  e a s i l y  seen t h a t ,  s i n c e  
t h e  d i s t a n c e  from t h e  p o i n t  t o  t h e  o r i g i n  remains c o n s t a n t ,  t h e  
a b s c i s s a  a f t e r  r o t a t i o n ,  x, i s  equa l  t o  t h e  a b s c i s s a  be fo re  ro- 
t a t i o n ,  xo, t i m e s  t h e  cos ine  of t h e  r o t a t i o n  ang le ,  8, i . e . ,  

x  = x cos 8 .  
0 

Again by simple t r igonomet ry ,  t h e  o r d i n a t e  i s  merely t h e  o l d  
a b s c i s s a  t imes t h e  s i n e  of t h e  r o t a t i o n  ang le ,  i . e . ,  

y  = x  s i n  8 .  
0 

Now t h e  p o i n t  has  i t s  new r o t a t e d  coo rd ina t e s  and can be jo ined 
t o  ( 0 ,  0 ,  0 )  a s  t h e  r o t a t e d  l i n e .  Thus t h e  p o i n t  a t  (x0, yo, zo) 
i s  now a t  (x ,  y ,  zo) 

F igure  3 . -  Case one - t h e  o r d i n a t e  equa l ing  zero 



The second. ca se  has t h e  a b s c i s s a  equa l  t o  z e r o  ( s e e  F igure  4 ) .  
The#proces s  involved i n  t h i s  c a s e  i s  very  much t h e  same a s  t h a t  
f o r  t h e  f i r s t  c a se .  Now 

and 

y = yo COS 0 f 

x  = -yo s i n  0 .  

These two cases  t a k e  c a r e  of endpoin ts  which have one of t h e  x- 
o r  y-coordinates  equa l  t o  ze ro .  

F igure  4 . -  Case two - t h e  a b s c i s s a  equa l ing  zero 

I n  t h e  t h i r d  c a s e ,  F igu re  5 ,  t h e  p o l a r  ang le ,  a ,  i . e . ,  
t h e  angle  between t h e  x-ax is  and t h e  l i n e  from t h e  p o i n t  t o  t h e  
o r i g i n ,  must be c a l c u l a t e d .  The sum ang le ,  a + 6,  of t h e  p o l a r  
ang le  and t h e  r o t a t i o n  angle  i s  a l s o  used.  The d i s t a n c e ,  r ,  t o  



Figure 5.- Case three - the endpoint lying between 
the coordinate axes 

the point is equal to the abscissa divided by the cosine of the 
polar angle: 

Since the distance to the origin remains the same, the new abscissa 
equals the distance r times the cosine of the sum angle: 

x = r cos (a + 8). 

Combining these two equations gives 

Similarly, using the sine functions for the ordinate: 

Y = Yo sin (a + B)/sina~ 



Every point in the plane can now be rotated through any angle. 
This tells how the new coordinates of the endpoints are cal- 
culated. Next, the program which actually rotates the lines will 
be described. 

This program, Appendix A, is a FORT subroutine, Its name 
is ROTATE, and the arguments are FIG, LTNNUM, XANGLE, YANGLE, 
and ZANGLE. FIG, which will be described later, is an array con- 
taining the line segments of the figure; LINNUM is the number of 
straight lines to be displayed; XANGLE, YANGLE, and ZANGLE are 
the angles of rotation around the x-axis, the y-axis, and the 
z-axis, respectively. 

The array FIG is a three-dimensioned array of the form FIG 
(A, B, C). The first dimension, A, can vary from 1 to 3; A = 1 
means an x-coordinate is being dealt with, A = 2 means a y- 
coordinate, and A = 3 means a z-coordinate. The second dimen- 
sion, B, can be either 1 or 2. This determines the two endpoints 
of a line; B = 1 is the first endpoint, B = 2 is the other. 
These are used in the plotting routines to specify a line to be 
drawn from the first endpoint to the second. The third dimen- 
sion, C, can vary between 1 and the number of line segments in 
the figure. Thus each line is distinguished from all others by 
the number in C. 

An example of the proper use of the FIG array is given in 
Figure 6. A cube is given with two of its twelve edges 
arbitrarily numbered 4 and 7; their endpoints are a, b, and c. 
Edge 7 goes from a to b; edge 4 goes from b to c. Thus FIG 
(1, 1, 7) equals the x-coordinate (A = 1) of the first endpoint 
(B = 1) sf line 7 (C = 7 ) ,  or the value of the x-coordinate at 
point a. FIG (3,2,4) equals the a-coordinate (A = 3) of the 
second endpoint (B = 2) of line 4 (C = 4), or the value of the 
a-coordinate at point c. FIG (1,2,7) = FIG (1,1,4), FIG (2,2,7) = 
FIG (2,1,4), and FIG (3,2,7) = FIG (3,1,4) since the point b is 
both the second endpoint of line 7 and the first endpoint of line 
4. Thus FIG (A,B,C) means the A coordinate of the B endpoint of 
line C.  

The angles XANGLE, YANGLE, and ZANGLE are given in degrees 
to any decimal accuracy required. The first thing the program 
does is to convert these angles into radians for the computer 
to use. XANG, YANG, and ZANG store the corresponding converted 
angles. 

To avoid unnecessary calculations and thus save on computer 
time, before each rotation a test is made to determine if the 
rotation angle is zero; if so, the rotation around that particular 
axis is passed over, and the next rotation is considered. 



Figure 6.- Example for the proper use of the FTG array 

Since the basic forms of the three axis rotations are 
similar, only the first rotation, the x-axis rotation, will be 
discussed. The other two can be arrived at by appropriately 
switching the names of the x-, y-, and z-coordinates. In the 
x-axis case, the abscissas are the y values and the ordinates 
are the z values. The direction of rotation corresponds to that 
which takes a point on the +y-axis and rotates it in a circle 
around the x-axis to a point on the +z-axis. 

The rotation of the entire figure is accomplished by the 
rotation of each endpoint in the figure. This is done in two 
nested DO loops which vary from 1 to the number of lines and 
from 1 to 2 to rotate both endpoints of every line. The complete 
set of rotation equations is contained in these DO loops. 
First, the z-coordinate is tested to see if it is zero. If it is, 
this is case one, and the proper rotation equations are applied 
in terms of the FIG array and the angle XANG. If the z-coordinate 
is not zero, then the y-coordinate is tested to see if it is 
zero. If it is, this is case two, and the equations for this 
case are applied. If neither coordinate is zero, then it is 
case three, and additional angles must be calculated. The two 
extra angles are represented by *ANG1 and *ANG2. The asterisk 
is replaced by X, Y, or 2 ,  depending on which axis rotation is 
being used. In this case, the angles would be XANGl and XANG2. 
XANGl is the polar angle and is computed by using the arctangent 



f u n c t i o n ,  ATAN. The value of the tangent is simply the 2- 
coordinate divided by the y-coordinate. The arctangent is easily 
calculated and is stored in XANGl. XANG2 is just the sum of 
XRNGE and the rotation angle, XANG, Now, u-sing these two angles, 
the rotation of the point is performed. The DO loops will then 
take the next point and rotate it. This will continue until all 
the points are rotated and will then go on to the y- and z-axis 
rotations and compute them in a similar way. 

Thus a figure in space can easily be rotated by simple 
trig~nometric functions, As a degenerate case of three-dimensional 
rotation, a two-dimensional figure can be rotated by using only 
the rotation around the z-axis. This can easily be accommodated; 
but the main purpose of this subroutine is to give the viewer 
the option of picking any vantage point from which to view the 
three-dimensional figure under question. 



APPENDIX A 

FORTRAN SUBROUTINE PROG 

SUBROUTINE ROTATE (FIG,LINNUM,XBNGLE,YANGLEfZANGLE) 
c----- 
c----- FIG = THE ARRAY CONTAINING THE COORDINATES OF 
c----- THE ENDPOINTS OF THE LINES IN THE FIGURE 
C----- 
c----- LINNUM = THE NUMBER OF LINES IN THE FIGURE CYI 
c----- I 
c----- XANGLE = THE ANGLE OF ROTATION AROUND I 
c----- THE X-AXIS FROM +Y TO SZ (J----- +X 
c----- 
c----- / 

YANGLE = THE ANGLE OF ROTATION AROUND 
C----- 

/I' 
THE Y-AXIS FROM +Z TO SX 

c----- -I-z / 
c----- ZANGLE = THE ANGLE OF ROTATION AROUND 
c----- THE Z-AXIS FROM +X TO +U 
c----.- 

DIMENSION FIG(3,2,LINNUM) 
c----- 
c----- ANGLES IN DEGREES ARE CONVERTED TO IANS 
c----- FOR USE IN TRIGONOMETRIC FUNCTIONS 
C----- 

X A N G = X A N G L E * ~ . ~ ~ ~ ~ ~ / ~ ~ O ~  
Y A N G = Y A N G L E * ~ . ~ ~ ~ ~ ~ / ~ ~ Q ,  
ZANG=ZANGLE*3.94159/18Q. 

c----- 
c----- ROTATION IS MEASURED FROM ABSCISSA TO ORDINATE 
c----- 
c----- FOR EACH ROTATION THERE ARE THREE POSSIBILITIES - 
c----..- (1) ORDINATE=O, (2)ABSCISSA-0, ( 3 )  NEITHER-0 
C----- 
c----- CASE (1) - ORDINATE = 0 
C.-.-----. NEW ORDINATE=(ABSCISSA) x SIN(ROTATION ANGLE) 
C----.- NEW ABSCISSA=(ABSCISSA) x COS(ROTATION ANGLE) 
C----- 
c----- CASE (2) - ABSCISSA = 0 
C------. NEW ABSCISSA=-(ORDINATE) x SIN(PIOTATIOH ANGLE) 
c----- NEW ORDINATE= (ORDINATE) X COS(ROTATI0N ANGLE) 
c----- 
c----- CASE (3) - NEITHER = 0 
c----- THE POLAR ANGLE IS FIRST CALCULATED = *ANGP 
c----- THE SUM ANGLE OF THE POLAR ANGLE PLUS THE ROTATION ANGLE IS 
c----- THEN CALCULATED = *ANG2 
C---.--- NEW ABSCISSA=(ABSCISSA) x COS(SUM ANGLE) / CBS(POLAR ANGLE) 
C----- NEW ORDINATE= (ORDINATE) x SIN (SUM ANGLE) / SIN (POLAR ANGLE) 
c---.--- 

IF (XANG) 10,11,10 



C--.---- 
c------. IF XANGLE=O, IT IS UNNECESSARY TO COMPUTE ANY ROTATION 
c----- 

1 0  CONTINUE 
DO 1 LIN-1, LINNUM 
DO 1 I=1:2 
IF (FIG (3,L,LIN) ) 2Qi21, 20 

21 CONTINUE 
c----- 
c----- CASE (1) - X-AXIS ROTATION 
C - - - ..- - 

FIG(3,I,LIN)=FIG(2,I,LIN)*SIN(XANG) 
FIG(2,L,LIN)=FIG(2,11LIN)*COS(XANG) 
GO TO 1 

20 CONTINUE 
IF(FIG(~,I,LIN)) 22,23,22 

23 CONTINUE 
c----- 
c----- CASE (2) - X-AXIS ROTATION 
c----- 

FIG (2 ,I,LIN)=-FIG (3,I,LIN) *SIN (XANG) 
FIG (3, I ,LIN) = FIG (3, I ,LIN) *COS (XANG) 
GO TO 1 

22 CONTINUE 
c----- 
c----- CASE (3) - X-AXIS ROTATION 
c----- 

XANG1=ATAN(FIG(3,I,LIN)/FIG(2,I,LIN) ) 
XANG2=XANGl+XANG 
FIG (2,1f LIN) =FIG (2, I,LIN) *COS (XANG2) /COS (XANG1) 
FIG (3, I ,LIN) =FIG (3, I LIN) *SIN (XANG2) /SIN (XANGl) 

1 CONTINUE 
11 CONTINUE 

IF (YANG) 12,13,12 
c----- 
c----- IF YANGLE=O, IT IS UNNECESSARY TO COMPUTE ANY ROTATION 
c----- 

12 CONTINUE 
DO 2 LIN=1,LINNUM 
DO 2 I=1,2 
IF(FIG(l,IfLIN)) 30,31,30 

31 CONTINUE 
c----- 
c----- CASE (1) - Y-AXIS ROTATION 
C----- 

FIG (l,I,LIN)=FIG (3,I,LIN) *SIN (YANG) 
FIG(3,IiLIN)=F1G(3,IiLIN)*COS(YANG) 
GO TO 2 

30 CONTINUE 
IF(FIG(3,I,LIN)) 32,33,32 

33 CONTINUE 



C----- 
c----- CASE (2) - Y-AXIS ROTATION 
C----.- 

FIG (~,I,EIN)=-PIG (LII,LIN)*~l~ (SIANG] 
FIG (I ,I ,LIN)" FIG (1, I,LIN) "COS (YANG) 
GO TO 2 

32 CONTINUE 
c---.--- 
c----- CASE (3) - Y-AXIS ROTATION 
c------ 

YANG~=ATAN(FIG(~,I,LZN)/FTG(~~I,LIN)) 
YANG2=YANGl+YANG 
FIG (3 ,I ,LJN) =FIG (3, I 1 ~ 1 6 ~ )  *COS (YANG~) /COS (YANG~) 
FIG (1,I ,LIN) =FIG (L,I 1 ~ ~ ~ )  *SIN (YANG~) /SIN(YANG~) 

2 CONTINUE 
13 CONTINUE 

IF(ZANG) 14,15,14 
c----- 
c---.-.--. IF ZANGLE=O, IT IS UNNECESSARY TO COMPUTE ANY ROTATION 
c-.-.--- 

14 CONTINUE 
DO 3 EIN=l,LINNUM 
DO 3 I=1,2 
IF(FIG(~,I,LIN)) 4Q,41f4Q 

41 CONTINUE 
C----- 
c----- CASE (1) - Z-AXIS ROTATION 
C----- 

GO TO 3 
40 CONTINUE 

IP(FIG(I,I,LIN)) 42,43,42 
43 CONTINUE 

c----- 
c----- CASE (2) - Z-AXIS ROTATION 
c---.-- 

FIG (1,I ,LIN) =-FIG (2 I I ,bIN) *SIN (IZANG) 
FIG (2,I,LIN)= FIG(2,I,LIN) *COS (ZANG 
GO TO 3 

42 CONTINUE 
c----- 
c----- CASE (3) - Z-AXIS ROTATION 
c----- 

ZANG~=ATAN (FIG (2, I ,LPN) /FIG(I, I ,LIN) ) 
ZANG2=ZANGl+ZANG 
FIG (1, I ,LIN) =FIG (1,I ,LIN) *COS (ZANG2) /COS (ZANGX) 
FIG(~,P,LIN)=FIG(~,I,LIN)"SIN(ZANG~)/SPN(ZANG~) 

3 CONTINUE 
15 CONTINUE 

RETURN 
END 
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