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ABSTRACT:  The haloed line effect  is a technique  where  when  a line in three-dimensional  space passes 
in f ront  of  ano the r  line, a gap is p roduced  in the  project ion of the more  dis tant  line. The  gap is 
p roduced  as if an  opaque  halo su r rounded  the closer line. This  me thod  for approximate  hidden-l ine-  
e l iminat ion is advan tageous  because  explicit sur face  equat ions  are not  necessary .  The  relative depth  
of lines, axes, curves  and  let tering is easily perceived.  This technique  is especially suitable for the  
display of finite e l ement  grids, th ree-d imens iona l  contour  maps  and  ruled surfaces .  When  the lines or 
curves  on a sur face  are closer than  the  gap size, the  gaps produced  close up to produce  a comple te  
hidden-l ine-el iminat ion.  A simple but  eff icient  implementa t ion  is described which  can be used in the 
render ing  of a variety of  th ree-d imens iona l  si tuations.  

C. R. Categories:  3.69,  8.1, 8.2 
Key words:  Haloed  line effect ,  t h ree -d imens iona l  space ,  h idden  line e l iminat ion,  f inite e lement ,  
contour  maps ,  ruled surfaces .  

PRIOR ART: 

Dete rmin ing  which  lines should  not  be d rawn  in a three  
d imens ional  picture is called hidden line elimination.  This 
has been of cont inuing interest  (1-5).  The  essential  task of 
h idden line el iminat ion is to de te rmine  whe t he r  a bounded  
sur face  lies be tween  the viewpoint  and the  line or point  being 
considered for drawing,  and when  this occurs  th~ point  or 
line s egmen t  is invisible and is not  drawn.  Most  techniques  
for h idden  line e l iminat ion a s s u m e  some  su r face  topology.  
The  mos t  c o m m o n  assumpt ion  is to consider  the scene  being 
rendered  as being approx imated  by t r iangular  or rec tangular  
pa tches  (6, 7) or bounded  planes (8, 9). There  has  been 
some  work with quadr ic  su r faces  (10,  11).  The  f loat ing 
hor izon t echn ique  (12)  and var iants  (13,  14) are popular  
because  the fo rmat  of data  s torage is the  same as that  used 
for o ther  calcula t ions  and  is usual ly  appropr ia te  for mos t  
exper imen ta l  or stat ist ical  p resenta t ions .  Some ef for t  has  
been made  toward hidden line el iminat ion where  the da ta  is 
s tored in two or th ree-d imens iona l  raster  arrays  (15,  16). 

BASIC  TECHNIQUE: 

The  haloed line ef fec t  is i l lus t ra ted in Figure 1 and  is a 
c o m m o n  device in hand drawn technical  illustration. For this 
effect ,  an  imaginary  region, a halo, is a s sumed  to su r round  

Figure 1 - These are three computer renderings of an approxi- 
mate human head. Each in a different style, respec- 
tively, wire frame, haloed line effect and the usual 
surface dependent hidden line elimination. The bot- 
tom picture is the more realistic presentation but the 
middle picture which appears more like a crystal gives 
some knowledge of all the lines on the object. This 
style may be preferable for depictions of structures or 
finite element networks. 
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th ree -d imens iona l  lines which  can obscure  any lines tha t  pass  
beh ind  the  halo. 

W h e n  the lines used  to describe a sur face  fo rm a three  di- 
mens iona l  grid and  the grid spacing is smal ler  t han  the  size of 
the  halo,  t hen  a comple te  h idden  line" e l imina t ion  resul ts .  
This  is i l lustrated in Figure  2. The  haloed line ef fec t  techni-  
que offers several  advantages :  

a - It is easily p rog rammed .  

b - Var ia t ion  of the  halo size enables  control  of 
t ransparency .  

c - The re  are vir tual ly no rules  of  topology or su r face  
descript ion.  Real  or implied sur faces  are not  used  and 
need  not  be specified. 

d - The  input  to the  ha loed line ef fec t  processor  is a lmost  
the  same as might  be used  to draw a wire f r ame  pic- 
ture ,  hence  this t echn ique  is easily adap ted  to p rograms  
or sys tems a l ready making  wire f r ame  pictures.  

e - The  haloing tends  to accen tua te  su r face  contours  and  
the  dark and  the  light pa t te rn  of ruled surfaces .  

f - 

g - 

This  me thod  is tolerant  of  model l ing  and computa t iona l  
error  in the  original data.  

M e m o r y  requ i rements  are minimized because  the  space  
usual ly  requi red  to store su r f ace  p a r a m e t e r s  and 
boundar ies  is not  necessary .  

For  sa t i s fac tory  resul ts ,  the  ha loed  line e f fec t  can  not  be 
r igorously implemented .  For  example  lines parallel  or near ly  
parallel  to a line with a halo ought  not  to be obscured  by this 
halo otherwise  the  apparen t  con tour  of  objects  will be de- 
s t royed.  The  resul t  of this c o m p r o m i s e  is tha t  small  line 
segments  may,  a lmost  at r andom,  be left on a render ing  as 
i l lustrated in Figure  3. These  may  be e l iminated  by addit ion- 
al process ing but  this extra  work  may  subver t  the  advantages  
of the  haloed line effect .  Ano t he r  compromise  with r igorous 
implementa t ion  is that  an  error  to le rance  mus t  be used w h e n  
one line passes  behind ano the r  line. A c c u m u l a t e d  calculat ion 
errors  may  cause  two lines that  in tersect  in th ree -d imens iona l  
space to halo er roneously .  Also, if a r igorous de te rmina t ion  
of halo gapping based upon  imaginary  haloes  is a t t empted ,  
artificial ha loes  would  have  to be c rea ted  which  would  be a 
major  under tak ing  and  would  not  be very useful .  It is the  
approximate  solut ion to this p rob lem which  is of  value.  

points  on the  display and  thei r  relat ive or abso lu te  dep th  
could be de t e rmined  by any  t h r ee -d imens iona l  p ro jec t ion  
scheme.  The re  are three  entry  points.  The  first initializes 
the  line count  to zero; the  second stores the  end  points  of  a 
line; and  the  third signals tha t  the  last  line has  been  s tored 
and  starts  the  haloing process ing and  genera t ion  of drawing 

Figure 2 -  Five nested algebraic surfaces rendered with the 
haloed line effect. While some haloing is inconsis- 
tent, the overall effect is vivid. This picture demon- 
strates that the haloed line effect probably cannot be 
perfectly programmed. Efforts to reduce penetration 
of haloes by short lines cause other errors or will 
require topological knowledge which obviate the 
value of this technique. 

DETAILS  OF IMPLEMENTATION:  

There  are many  possible p rog ramming  tactics suitable for  the  
haloed line effect .  The  op t i mum code would have  to take 
into account  the  display technology,  the  prefer red  appl icat ion 
language,  the  available s torage space and the  pre fe r red  data  
s torage  media .  T he  p rocedure  we have  devised is 
sa t i s fac tory  as i m p l e m e n t e d  in F O R T R A N ,  opera t ing  on a 
V M / 1 6 8  c o m p u t e r  with pic tures  being d r awn  on var ied 
s torage scopes,  printer  plotters and a photo  composer .  

The  program was wri t ten to be used where  the  location of 

Figure 3 - A picture of three nested algebraic surfaces. Lines 
parallel to closer lines can penetrate through the 
haloes of the closer lines. 
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commands .  The  best way to store lines is in pic ture  plane 
display coordinates  DX(K,L ) ,  D Y ( K , L ) ,  and  some  measu re  
of depth  D T ( K , L ) .  W h e r e  L is the  line count  and  and  
D X ( I , L ) ,  D Y ( 1 , L ) ,  and D T ( I , L )  are the  coordinates  of  the  
end  point  with the grea ter  DY value.  K is 2 for  the  o ther  
end  of the  line. Some typical lines as s tored are shown  in 
Figure 4. The  haloing p rocedure  is as follows: 

1. A s s u m e  some  halo gap size G. A s s u m e  some  dep th  
to lerance  TOL.  

2. Ex tend  each  line at both ends  a dis tance G on the  pic- 
ture  plane.  This is i l lustrated in Figure 5, and  will allow 
a halo gap at the ends  of the  lines. 

3. Take  each  line one at a t ime.  This  is line I. 

4. Set a counte r  NE to zero. NE is the  n u m b e r  of  halo 
edges the  line I crosses.  This  mus t  be an even n u m b e r  
equal  to twice the  n u m b e r  of  lines that  pass  in front  of  
line I tha t  have  haloes  tha t  in f luence  the  visibility of  
line I. 

5. Take  each o ther  line in the  scene one at a t ime. This  is 
line J. For  intersect ion test ing on the  picture plane use  
the  ex tended  length of line J. This  will help preserve  
the  cont inui ty  of haloes  a round  a surface.  Some errors  
may  be caused  in open s t ructura l  drawings  such as in 
Figure  1, but  these  will not  be serious. 

6. If the  DY(2 , J )  coord ina te  of  line J are  g rea te r  t han  
DY(1 , I )  go back to step 5. 

7. If the  DY ( I ,  J) coordinate  of line J is less than  DY 
(2,I) go back to step 5. 

8. If both DX coordinates  of line J are smal ler  than  the  
DX coordinates  of line I go back to step 5. 

9. If both DX coordinates  of  line J are grea ter  than  the  
DX coordinates  of  line I go back to step 5. 

10. If both DT  coordinates  of  line J are greater  than  the  DT  
coordinates  of line I go back to step 5. 

1 l ,  Tes t  to de te rmine  if the  project ion of line J crosses  the  
project ion of line I. If the  line project ions do not  cross 
go back to step 5. 

12. Calcula te  the  exact  locat ion on each  line, I and J, where  
they cross. Calcula te  the  relative depth  of lines I and  J 
at this crossing point. If line J is not  at least  T O L  dis- 
tance  in f ront  of I go back to step 5. The  fil tering oper-  
ations of steps 6 thru  12 which  reduce  the average  effor t  
requi red  to de te rmine  w h e t h e r  two lines in te rsec t  are  
shown  in Figure 6. 

13. The  halo of line J can  inf luence  the  visibility of line I. 
I n c r e m e n t  N E = N E + 2 .  Store the  d i s tance  f rom the  
s tar t ing point  of line I to where  it passes  into the  halo of 
line J as T E ( N E - I ) .  Store the  dis tance f rom the s tar t ing 
point  of  line I to where  it passes  f rom behind the  halo of 
line J as T E ( N E ) .  Set visibility state marker s  IGQ(NE-  
! ) = - 1  and I G Q ( N E ) = I .  The  halo a round  line J can  be 
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Figure 4 - An oblique drawing of the projection of a simple 
scene upon the picture plane and the preferred listing 
of data. 
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Figure 5 - An oblique drawing of the projection of two lines 
onto the picture plane. Line 1 which is being tested 
for gapping must be extended slightly as shown so as 
to detect that it penetrates the halo of line 2. 

approx imated  economical ly  by two lines parallel  to line J 
and  two circular  arcs. 

14. If NE for line I is zero, just  d raw line I and  go back to 
step 2. If NE is larger than  2 sort  T E ( N E )  and  the 
marker s  IGQ(NE)  on the  basis of TE.  

15. Sum up the running  m e a s u r e  of how m a n y  haloes ob- 
scure  the  line I a long its length  by adding up the  values 
of  IGQ along its length.  Only those  sect ions of line I 
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where the sum of IGQ is zero are visible and should be 

drawn. Any segment of line I where the sum of IGQ is 
less than zero are hidden by one or more  haloes and 

should not be drawn. This is illustrated in Figure 7. 

16. Draw only the visible segments of line I that occur with- 

in its original length. 

17. Go back to step 2 until all the lines in the picture have 

been processed. 

The sequence of testing described above has been found to 
be optimal for pictures similar to Figure 2. For different  
types of pictures other techniques may be better. This proce- 

dure is simple and can be easily p rogrammed with some 
simple plane geometry functions. Figure 8 demonstrates  some 

particularly useful capabilities, Specifically the haloing of 
lettering and axis markings. Figure 9 thru 12 are additional 

demonstra t ions  of the haloed line effect. All illustrations 

were produced with the same haloing program. 

Some experimental pictures have been made where the gap 
size was made to vary with the difference in depth of lines, 
but these were  confusing. Apparent ly  the halo gap size 
should be constant. 

/ /PICTURE PLANE 

, \ / 6  I 

/1 UNE 6 l 

LINE 8 ~~ FINAL / 
DISPLAY : : 
AFTER 
HALO 
PROCESSING % 

/ 

Figure 6 - The various filtering tests to determine when a line 
can halo another line. Line 1 is under test for halo- 
ing. For ease of explanation we can ignore the small 
extensions of line 1. Line 2 is obviously above 
line 1. Line 3 is obviously below line 1. Line 4 is 
obviously too far to the left. Line 5 is obviously too 
far to the right. Line 6 is behind line 1. Line 7 
does not cross line 1. Only line 8 can cause a halo 
gap in line 1. 

EXECUTION TIME 

The execution time of a hidden line elimination program is 
determined by several factors. The primary influence is the 
geometrical strategy which takes into account the mathemati-  
cal character  of the objects or scene to be rendered and the 
style in which the picture is to be made. A secondary influ- 
ence is the specific embodiment  of the geometrical strategy 

in a computer  program. 

Hidden line elimination programs can also be tuned to take 
advantage of some geometric propert ies  of objects being 
rendered and the characteristics of the processing computer  
or ancillary hardware .  Most probably the most  important  
factor in the speed of a hidden line elimination program is 
the sophistication and dedication of the programmer .  For  
example, the use of optimal sorting algorithms, the measure-  
ment  and minimization of p rogram s ta tement  execution 
counts,  and the use of optimizing compilers can improve 
speed by an order of magnitude. When directly measuring a 
hidden line elimination program, the design and orientation 
of the test shape can bias the results. This has been observed 
to be especially true when measuring the execution time of 
haloed line effect pictures. When generating a typical alge- 
braic surface, similar to that shown in Figure 3, the execu- 
tion time could vary considerably with a change in viewpoint. 
The gap size of the halo has an unpredictable effect upon 
execution time. Generally a larger gap size tends to increase 
the execution time, but some objects have been drawn when 
the reverse has been observed. The gap size should be decid- 

ed upon aesthetically. 
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Figure 7 - A typical situation where the value of IGQ is used to 
determine the visible segments of line I. Notice that 
the halo gap of line J3 is subject to an end effect. 
The numbers along line I are the original TE index. 
The dimensions are the running IGQ counts which 
are how many haloes obscure a line on a particular 
segment. 
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Hidden line elimination programs are usually evaluated upon 
the dependence of execution time on picture complexity. The 
most common measures of picture complexity being the line 
count, or polygonal surface count. Obviously for the haloed 
line effec.t, only the line count, N, is meaningful. For algebra- 
ic surfaces such as Figures 2, 3, 10 and 11, the execution 
time has been observed to be proportional to N**(3/2) .  
Rendering a picture of an algebraic surface containing 180 
lines required about 1.15 seconds and a similar surface with 
1,740 lines required about 26.07 seconds. 

J 

i 

POTENTIAL A L G O R I T H M I C  IMPROVEMENTS:  

The techniques described in this paper for implementing the 
haloed line effect are early experimental results and are a 
compromise between complexity and an acceptable quality of 
graphics. The major calculation task is to detect which lines 
cross and considerable improvement in this regard is to be 
expected if the lines in the picture would be subdivided into 
smaller groups by clipping (17, 18). 

The halo entrance and exit marker technique used in steps 
13 and 14 are similar to the concept of quantitative invisibili- 
ty described in a previous paper on polyhedral hidden line 
elimination (19). This should suggest that there may be 
many ways in which the haloed line effect can augment or 
benefit from the usual hidden line elimination techniques. 

One assumption of the implementation is that all the lines 
used for halo obstruction will be drawn. Additional lines can 
be added to a scene, such as patterns on planes, which are 
not intended to be drawn but which can obscure other lines. 
The result can be an approximation to complete hidden line 
elimination. 

9 P I  

Figure 8 - 

R C q L  ON ~ S P H E R E  

A simple picture containing lettering and axis mark- }1'" "H"},~]~]~.~ 
ings. The haloed line effect can be used economically 
with these graphic elements. 

It may be interesting to compare the haloed line effect with 
other hidden line elimination techniques, but this is like com- 
paring apples with oranges as the character of pictures and 
processing are so different. Referring to Figure 1, the wire 
frame picture took about .2 seconds of CPU time, the haloed 
line effect picture required about .69 seconds and the com- 
plete hidden line elimination required about 2.57 seconds. In 
addition, the complete hidden line technique picture needed 
about 3 seconds set up time for the calculation of surface 
equations, line equations and the usual organizational data 
structuring which the haloed line effect does not need. While 
these measurements are typical of the programs used, this 
should not imply that the haloed line effect is particularly 
faster than the usual hidden line elimination techniques. Most 
probably the floating horizon methods of Wright (12) have 
the same performance characteristics for algebraic surfaces. 

Figure 9 - A series of architectural drawings prepared using the 
haloed line effect. The data consisted only of lines in 
a three-dimensional space and were not organized in 
any other way. 
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CONCLUDING R E M A R K S :  

The most important aspect of the haloed line effect is the 
simplicity and geometrical independence of the technique. 
Scientists and engineers, inexperienced in the special techni- 
ques of three-dimensional computer graphics, are easily 
taught to use the haloing program because there are virtually 
no rules of topology or organization of the input line set. 

We would like to thank Cliff Nass for integrating the haloed 
line effect into the United States Military Academy Grat~hics 
Compatibility System (GCS) and for many helpful ideas for 
improving the quality of the pictures. Thanks are due to 
Robert O'Hara for his architectural data used for Figure 9. 

Figure 10 - An algebraic surface. 
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Figure  11 - A n  a lgebra ic  surface .  

F igure  12 - A  series of  p ic tures  based  u p o n  s ta t is t ical  da ta .  All 
ha loed  line e f fec t  p ic tu res  in this  p a p e r  were  
p rocessed  by the same p rog ram.  
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