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Abstract

In this paper, we describe ahidden line removal scheme for 2D
cartoon images. The depths are introduced to the polyli nes of the
image. The surfaces of the image areclassfied and teir depths
upceted according to the depths of polylines forming the
surfaces. The hidden lines are identified by comparing the
depths of the polylines with the depths of the surfaces. This
algarithm has been applied succesdully to aur cartoon
devel opment system.
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1 Introduction

Hidden Lines have to be removed in order to achieve
realism in a computer-generated 2D or 3D image. Many
algorithms have been proposed to solve this problem
[Thamann 1987 Wait 1993. There are two hasic
categories of hidden line removal agorithms: objed
space algorithms and image space algorithms. Each has
its benefits and dsadvantages [Maghrabi, and Griffiths
1989. Most researchers use hidden surface removal
methods for 3D images. However, most information in
use today is still presented in 2D form because 2D images
are sufficient to describe most engineeing and
entertainment objeds [Yu, and Sun 1997. In contrast to
3D images, 2D Images including 2D cartoon images do
not have depth information. This problem makes the
hidden line removal difficult. Fortunately, depth can be
introduced to 2D drawings by some means. The
performance of some 2D hidden line removal algorithms
is stisfied in many applications even if they cannot
handle penetrating objeds [Madi, and Walton 1999. In
this paper, we propose a scheme of hidden line removal
for 2D cartoon images. This <heme @n remove the
hidden lines for penetrating objeds. In Sedion 2, we
introduce depth, vertical and oblique surfaces for 2D
cartoon images. A vishility test and a depth updete are
described in Sedion 3. In Sedion 4, six experiments are
described based on the hidden line scheme. Conclusions
aremadein Sedion 5.

2 Depthsand surfaces

Depths of 2D drawings are the basis of hidden line
removal. Some researchers introduce a varying depth for
every objed of a 2D image [5]. For example, Flash, the
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well-known animation software, uses a measurement of
layers to identify the depths of objeds in a 2D frame.
However, when the objeds and their relationship are
complex, such a depth measurement is not sufficient. In
fact, one objed may possss many depths in order to
represent being peretrated or overlapped by other objeds.

Suppose that a 2D cartoon imageis comprised of objeds;
the objeds are made of polylines; and each polyline is
assgned a different depth. For introducing depths to a2D
cartoon image, the storage sequence of these polylines
can be regarded as their depths in a file or array. The
depth of a polyline canbe simply changed by changing its
storage sequence in the file or array. If an objed neels
more depths to represent its complexity, we may break up
the polylines of the objed. Theoreticaly, any complex
space relationship of objeds can be described by
changing the depths of polylines and breaking up

polylinesin a 2D cartoon image.

There are three types of oljeds represented by polylines
in a 2D cartoon image: line objeds without surface
surface objeds with surfaces, and compound objeds with
surfaces and lines. Accordingly, there are two kinds of
polylines; lines associated with line oheds and edges
asciated with surface objeds and compound objeds.
Lines represent line ohjeds. Edge polylines represent
objed boundaries. Whether apolylineisaline or an edge
can be spedfied by users. One or more elge polylines
may form surfaces of objeds. Based on the depths of the
surfaces, the surfaces can be sorted into 2 classes; vertical
surfaces and oblique surfaces. A vertical surface is
formed by a single polyline ( shown in Figure 1a). In
addition, an edge polyline @n be a polygon and edges (
illustrated in Figure 1b ). The polygon is also a vertica
surface Two a more elge polylines can join together
and form a closed oblique surface with different depths.
An oblique surface may be penetrated by oheds as
depicted in Figure 2.

The depths {d(X,y) |X,yOS} of a surface S are

related to the depths of edges which form the surface. For
a vertical surface the depths of the pixes inside the
surface are set as the depth of the polyling i.e

d(X,y) =1 where X,y Sand i is the depth of the

ith polylines of the image. If an obique surface is
penetrated by other ohjeds, this oblique surface hasto be
divided into two o more virtual vertical surfaces which
are formed by a single polyline and virtual lines (
illustrated in Figure 3 ). The depths of pixels inside a
virtual vertical surface are asdgned the depth of the
polyline which form the surface If an oblique surface



does not intersed other polylines, whose depths are in-
between the depths of the polylines forming the ohblique
surface the depths of the pixelsinside the surface are set

as one depth of the polylines, i.e. d(X,y) =i where
X,y Sand i is the largest depth of the polylines
forming the ohli que surface

If the depths of the surfaces whose depths are lessthan or

equal to 1 —1 are settled, the hidden lines of the ith
polyline @an be located. By comparing the depths of the

same pixels of the ith polyline with those of the

surfaces, any part of the ith polyline whose depths are
larger than those of the surfaces are regarded as being
hidden lines.

3 Hidden lineremoval
Our agorithm actsin image space Suppose that there are

N polylines and their depths are ranged from 1 to N.
We build a hidden line buffer to record the hidden lines
for each polyline and a depth buffer or z-buffer for a 2D
cartoon image [Tang, and Huang 1994. The polyli nes of
an image are processd individually in the order of the
depths.

3.1 The process of a single polyline

Suppose that polylines 1~i —1 have been processd
and the depth buffer is updated. The ith polylineis now
being processd.

311 Visbility test

Suppose that the ith polyline is comprised of U points
and denoted as { p,,...,P,} . Thispolyline { p,,...,p,}
has to be transformed lines
{p'l,...,p'j, p'jﬂ,...,p\',} where p'j denotes a point of

to a continuous

the ith polyline and is adjacent to p‘,-+1 in the image

space The depths of each pixed of the
lines{ Py,....,P;, Pjsrs-- P} aEl.
By comparing the depths of continuous lines

{P1,--sP}s Pjsgs- Py} With the depths of the depth
buffer, the visibility of each pixel of the polyline an be
dedded. If d(X,Yy)<i, then the pixe on (X,Y) is
invisible for the ith polyline. All the invisible points of
the ith polyline can be recorded in the hidden line buffer
for the ith polyline. Otherwise, the pixel on (X,Y) is
visible.

3.1.2 Depth update

If the ith polyline is a polygon or it forms a polygon
with other edge polyline previously processed, the depths
inside the polygon has to ke updated. Any points of
polylines behind the polygon would be invisible. The
depth update includes two steps; firstly, to locate the

surface sewndly, to fill the surface with appropriate
depths.

Since the ith polyline may be cmpound, we have to
decompose the ith polyline into polygons, edges, and
lines. If a vertical surface is found by decomposing the
ith polyline, the depths of the vertical surface @n be
updeted as mentioned in Sedion 2. By searching the
decomposed edges in the depth buffer, the intersedions
of the elges and other edge polylines can be found. By
searching these intersedions and the overlapped edge
polylines in the depth buffer, the oblique surface @n be
located. By chedking the depths of the intersedions, we
know if the obli que surfaceis penetrated or not. Then the
depth of the ohlique surface @n updated as mentioned in
Sedion 2. Please note that the visibility of the polylines,
which penetrate this oblique surface has to be tested
again based on the updated image depth buffer.

3.2 Theprocess of 2D drawings

Based on the process of single polylines, the whole
process of hidden line removal for a 2D cartoon image
can be outlined as foll ows:

0 Procedure Hidden line removal
1 Construct a depth buffer for theimage
2 for each polyline
3 Transform the ith polyline
into a continuous lines
4 Apply the vighility test and

record the hidden lines to the
hidden line buffer
6 if thispolyline isedges
7 Decanpose the pdyline
into vertical asurfaceand
eges
if there aevertical surfaces
then updae the depths for
the vertical surfaces

10 if there are edges

then find the intersedions
6the eages and the
pocessed pdylines

11 Search for Obliquesurface

12 if thereisan obliquesurface
13 then if the surfaceis penetrated
14 hien updae de pth for

peetrated surface



15 Test for visibility agan for the
peetrating pdyline

16 lse

17 updte the depths for th e non-
peetrated odiquesurface

4  Experiments

We @ambedded this <heme into aur 2D cartoon
development system and tested it on many cartoon
images. The results are satisfactory in bath quality and
spedl.

Figure 4 represents two crossng redangles. Figure 4(a)
shows the results when the depth of the horizontal
redangle is lessthan the depth of the vertical redangle.
Figure 4(b) gives the results when the depth of the
vertical redangle is lessthan the depth of the horizontal
redangle. The dash lines are the hidden lines in the
cartoon images. Figure 5 represents three moving
elli pses. Figure 5(a) shows the results when the dli pse of
the least depth locates at the right. Figure 5(b) ill ustrates
the results when the dli pse of the least depth moves to
the middle. Figure 6 ill ustrates a cube whose hidden lines
are indicated by the dash lines. Some surfaces of the abe
are non-penetrated obli que surfaces. Figure 7 represents a
quadril ateral penetrated by atriangle. Please notethat the
quadril ateral isformed by two polylines. The depth of the
triangle is larger than the depth of one palyline of the
quadril ateral but lessthan the depth of another polyline of
the quadrilateral. Figure 8 shows a “U” shape oblique
surface penetrated by another surface Figure 9 shows an
image formed by a cross three dlipses and a cube. The
depths of the images are dearly identified by the hidden
lines.

5. Conclusions

In this paper, we present a hidden line removal scheme
for 2D cartoon images. By introducing depths to the
polylines of the surfaces, the method can show oblique
surfaces penetrated by other surfaces. The proposed
scheme is smple and can only process ®me smple
images. However, the idea can be developed into a
complex hidden line scheme for 2D images.
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Figure 1. Vertical Surface (a) formed by awhole
edge polyline, (b) formed by a partia polyline.

Figure 2. Peretrating obli que surfaces.

e e

Figure 3. The division of ohlique surfaces.
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(b)

Figure 4. Redangles, (a) hidden vertical redangle, (b)
hidden horizontal redangle.

Figure 7. Penetrating triangle.

@
Figure 8. Penetrated “U” shape.

(b)
Figure 5. Ellipses, () three dipses, (b) three moved L
elli pses. -

Figure 9. Hidden line removal for several ohjeds.

Figure 6. Cube.



