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Abstract

We present an intuitive and interactive freehand sketching interface for 3D polyhedrons reconstruction. The inter-
face mimics sketching with pencil on paper and takes freehand sketches as input directly. The sketching environ-
ment is natural by allowing sketching with discontinuous, overlapping and multiple strokes. The input sketch isa
natural line drawing with hidden lines removed that depicts a 3D object in an isometric view. The line drawing
isinterpreted by a series of 2D tidy-up processes to produce a vertex-edge graph for 3D reconstruction. A novel
reconstruction approach based on three-line-junction analysis and planarity constraint is then used to approxi-
mate the 3D geometry and topology of the graph. The reconstructed object can be transformed so that it can be
viewed from different viewpoints for interactive design or as immediate feedback to the designers. A new sketch
can then be added to the existing 3D object, and reconstructed into 3D by referring to the existing 3D object from
the current viewpoint. The incremental modeling enables a 3D object to be reconstructed from multiple sketching
sessions from different viewpoints. However, the interface is limited to reconstructing trihedrons from sketches
without T-junctions to avoid ambiguity in the hidden topology determination.

Categories and Subject Descriptors (according to ACM CCS): 1.3.6 [Methodology and Techniques]: Interaction
techniques 1.3.5 [Computational Geometry and Object Modeling]: Geometric algorithms, languages, and systems

1. Introduction

Freehand sketching is a fast and efficient way to visualise
an idea in conceptual design. A sketch assists designers
by alowing their mental images to be expressed externally
for further mental synthesis. With the introduction of faster
computers, thereisastronger interest in using aCAD system
for conceptual design that allows designersto sketch aseries
of drawings and transfer them to 3D models automatically.
There are many advantages to such a computerized system.
Some of these relate to how the sketch data is stored (i.e.,
digital). For example, recent advancements in data storage
make it relatively inexpensive to store many sketches in a
single data drive (e.g., hard disk). Furthermore, with digital
data, sharing and communication of ideas through sketches
can be performed easily without loss of information (e.g.,
strokes sketching sequence, sketching speed and pressure).

However, currently available commercial CAD systems,
such as SolidEdge and Pro/ENGINEER, cannot create 3D
objects directly from freehand sketches. In particular, exten-
sive menu selections are needed to create a 3D object. Such a
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process is not as intuitive as sketching with pencil on paper,
and hence is not suitable for conceptual design.

In this paper, we present an interactive freehand sketch-
ing interface to assist the designersin the early design stage.
The interface is intuitive, allowing the designers to sketch
out their desired shapes without enforcing gesture sketching,
while avoiding excessive menu selection that adds overhead
to the design process. In addition, it provides a more natural
sketching environment by enabling discontinuous strokes
and overtracing, and interpreting natural line drawing (hid-
den line removed). A novel 3D reconstruction approach is
developed to interpret inaccurate online freehand sketches
and reconstruct into 3D objects. The 3D object can be trans-
formed by designers to evaluate their design from differ-
ent viewpoints. The interface is interactive so that designers
can work on the sketches progressively. Finaly, the recon-
structed objects are rendered in sketchy style that have the
appearance similar to the origina sketches. Figure 1 shows
an example of progressive 3D object reconstruction from in-
cremental freehand sketching along the processing pipeline
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of the prototype system. Figure 1(a) shows an initial input
freehand sketch. Figure 1(b) shows the line drawing draw-
ing from the vertex-edge graph after 2D tidy-up. Figure1(c)
is the 3D object after the 3D geometry approximation and
hidden topology determination. Figure 1(d) shows the trans-
formed object from adifferent viewpoint rendered in sketchy
style. Figure 1(e) shows the object from another viewpoint
with new sketches added into the scene. Figure 1(f) shows
the updated object with the new sketches reconstructed into
3D. Figure 1(g-h) show the object after several sketching and
reconstruction sessions.

There are always ambiguitiesin hidden topology determi-
nation from a natural line drawing because there are infinite
possible hidden topology interpretations. However, we have
chosen the simplest interpretation, although it might not al-
ways be the most plausible. The prototype system is limited
to line drawing with T-junction to minimise the ambiguities
in hidden topology determination. To date, there is no gen-
eral solution to determine hidden topology from such line
drawing [VMS05]. However, the objects with T-junction can
be modelled from incremental reconstruction with multiple
sketching sessions.

2. Related Works

There is extensive research in 3D modelling systems based
on freehand sketching. It can be grouped into three ap-
proaches, based on the sketch interface and 3D reconstruc-
tion agorithms utilised by the systems.

1. Gesture-sketching: Gestural sketching interprets free-
hand sketches in a specific way so that some sketch-
ing gestures actually mean the 3D reconstruction com-
mands, besides being the objects profile lines. This ap-
proach has the advantage of being able to reconstruct
3D objects amost instantly without sophisticated 3D re-
construction algorithms. Zeleznik et al. [ZHH96] wasthe
first to introduce sketching gestures for 3D object recon-
struction. [EHBE97] uses a combination of gesture and
graph-based geometric constraints to reconstruct 3D ob-
jects. In[QWJ00], a system based on fuzzy knowledge is
developed to infer user's sketching intentions. SMART-
PAPER [SC04] uses a combination of gesture and mod-
ified optimization proposed by [LS96] to reconstruct 3D
objects. [IMT99] extended the method to model objects
with free-form surfaces.

Although the systems enable direct 3D object reconstruc-
tion in real-time from freehand sketches, they are limited
in providing a natural sketching interface. Users cannot
sketch freely in the gesture-based systems as some of the
sketch gestures are interpreted as operation commands
rather than sketch contents. Meanwhile, users need to
learn and memorise the gestures in advance, and adopt
to the associated sketching sequence. Furthermore, new
gestures are needed for new objects and must be designed

carefully to avoid repetition. Eventualy, users will be
loaded with too many gestures and get confused.

2. Geometric correlations approach (analytic heuristic):

Lipson and Shiptalni [LS02] introduced an optimisation-
based 3D reconstruction approach based on geometric
correlations between a 3D object and its projection on a
2D plane. Company et al. [CCCP04] improved the ap-
proach by introducing tentative model and regularities
categorization in the optimisation algorithm. Oh and Kim
[OK 03] modified the approach by acquiring correct se-
quence of line sketching.
Although the systems avoid setting threshold values in
decision-making (e.g., parallel and perpendicular lines),
the optimisation process is computationally expensive.
Furthermore, finding the global minima during the op-
timisation process still remains a challenge in the im-
plementation of the approach. It fails to generate the
most plausible 3D objects when the process fails to
reach its global minima. The overal response speed is
slowed down by the optimisation process, which makes
it inappropriate for interactive sketch-based applications.
In [MKLO5], an angular distribution graph (ADG) of
strokes is used to obtain a preliminary estimation of the
shape of the objects. This reduces the complexity of
the optimisation method and improves the reconstruction
speed. However, it only works well with drawings of ob-
jects whose edges predominantly conform to some over-
al orthogonal axis system.

3. Perceptual approach: Lamb and Bandopadhay [LB90]
proposed an approach that reconstructs 3D objects from
line drawings along the identified principal axisin the ax-
onometric view. A junction is chosen asthe 3D reference.
The 3D vertices for other junctions are then propagated
aong the associated axis, referring to the reference junc-
tion. Digital Clay [SG00] implemented the algorithm to
reconstruct 3D objects from freehand sketches. [CNJCO3,
NJC*02] extended the approach by using an axonometric
inflation method to reconstruct quasi-normalon objects.
The systems are insusceptible to inaccuracies in the free-
hand sketches and always return meaningful 3D objects.
However, ambiguities can exist in some cases when ap-
plying the heuristic perceptive rules. Another limitationis
that the approach is only applicable to objects with edges
parallel tothe principal 3D axes, with verticeslying on an
oblique plane that can be identified, or where a symmetry
rule can be used to obtain the unknown vertex.

In general, the development of an intuitive sketching in-
terface for conceptual design remains a challenge that has
yet to be fully addressed.

3. 3D Modelling Approach

The proposed sketch-based 3D modelling method interprets
sketches in an isometric view, which is the preferred view-
point of most designers. Theinput isafreehand sketch thatis
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Figure 1: The processing pipeline of the prototype sketching
system.

captured through a calligraphic interface (Figure 2(a)). The
sketch with overtracing is interpreted by a series of tidy-up
processes to produce a vertex-edge graph. The graph con-
sists of 2D coordinates and their connectivity of tidied-up
line segments from the sketched strokes. Thetidy-up process
consists of four stages: stroke classification, strokes group-
ing and fitting, 2D tidy-up with endpoint clustering, and in-
context interpretation. Figure 2(d) shows the output after the
2D tidy-up process. The overtracing strokes are grouped into
the appropriate segments by grouping process (Figure 2(b)).
The grouped strokes are |least-square fitted to obtain para-
metric equations (Figure 2(c)). The endpoint clustering en-
sures the corresponding edge endpoints meet together and
loops are closed formed in the vertex-edge graph (Figure
2(d)). The in-context interpretation ensures that the graph
has no ‘open’ endpoints, i.e., aline drawing depicting a 3D
geometry has no unconnected endpoints (more details are
discussed in [KQWO06]).

After that, a 3D object is reconstructed from the graph.
The reconstruction process involves reference junction de-
termination, three-line-junction analysis, vertices approxi-
mation, hidden topology determination and planarity en-
forcement. The approach is not computationally expensive,
thus it is simple, easy to implement and able to generate
output almost instantaneously. Similar to the perceptual ap-
proach that uses the chain propagation process, the proposed
approach aways returns meaningful 3D objects as output.
It is able to reconstruct non-symmetrical, non-perpendicular
and non-axis-aligned objects. The characteristics of the re-
construction approach allow 3D objects to be modelled in-

(© The Eurographics Association 2006.

Figure 2: An example of the 2D tidy-up: (a)lnitial sketch;
(b)strokes are grouped into segments, which are indicated by
different colour; (c)strokes are fitted into parametric lines;
(d)the line drawing generated from the vertex-edge graph
after 2D tidy-up processing.

crementally from multiple sketching sessions. The 3D ob-
jects can then be transformed so that it can be viewed from
different viewpoints with an appearance similar to the origi-
nal sketches.

3.1. Reference Junction Determination

The proposed 3D reconstruction approach begins with the
identification of edge circuits from the vertex-edge graph
that corresponds to actual faces in 3D object. For a natural
line drawing with the hidden lines removed, a 3D face cor-
responds to a non-self-intersecting closed contour without
internal circuit [LF92]. It isfollowed by selection of arefer-
ence junction in the sketch plane to be set as the 3D refer-
ence. Thejunction is selected based on thefollowing criteria

1. The junction consists of only three lines. The reference
junction needs to be a junction with three lines so that
the three-line-junction analysis can be applied to the line
drawing.

2. The junction consists of only three lines. The reference
junction needs to be ajunction with three lines so that the
three-line-junction analysis can be applied.

3. Thejunction withthelongest lines. Longer linesare taken
to be more important than shorter lines in the sketch.
Effects due to the dimensions represented by the longer
lines are more prominent compared to that of the shorter
lines. As such, we start the reconstruction process from
the longer lines to minimise the deviation while approxi-
mating the vertices for the line drawing. Let thelinesin a
junction be represented by vectors, [ | i = 1,2,3. The
line with the shortest length is Lghort = min(|Ei|). The
junction that satisfies this criterion is the junction with
the longest Lot - The longer shortest-line in the junction
minimises the deviation. Such selection ensures the junc-
tion with the three individual longer lines to be selected
asthe reference.

4. The junction with lines most aligned to the projection
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axes (X, y and zin Figure 3). That is, the junction with

3 ¢
max(Zmax (Ei Ly ) )
i=1 Ei.z

The selected reference junction is set as (0, O, 0). The
three-line-junction analysis will be applied to the junction
to approximate the vertices at the opposite end of the lines.

3.2. Relationship between 2D sketch planeand 3D space

In this section, we identify the relationship of avertex in 3D
world coordinate system and its isometric projection. The
relationship alows a line segment in the 2D plane to be in-
terpreted as a corresponding 3D components that give a 3D
vertex. Let the 2D sketch plane defined in (u, v) unit. In the
isometric projection, the principal axes of the 3D world co-
ordinate system X, Y, Z are projected as x, Yy, z (Figure 3).
They-axisis paralel with the v-axis, the x and the z-axis are
30° below the u-axis from the origin.

Figure 3: The axes of the 2D sketching plane and the 3D
world coordinate system in the isometric projection.

A three-line-junction in the sketch represents a three-
edge-corner on a 3D object. A three-line-junction with the
isometric lines, i.e. lines that are paralel to the projection
axes, represents a perpendicular corner. An edge in 3D can
be represented by a vector, E = wX + hY + dZ, with w, h
and d representing width, height and depth in the world co-
ordinate system, respectively. Thelength of the edges shown
in the isometric projection is approximately 0.8165 times
shorter than the actual length of the edges on the object itself.
In the isometric projection, the vector E becomes

L=ax+by+cz (1)

with a = 0.8165w, b = 0.8165h and ¢ = 0.8165d (Figure
4).

In the 2D sketch plane, a line represented by a vector L
(Figure 4) can be derived as follows:

L=id+jv, )

wherei and j arethe values of the associated 2D vectors, U

Vv
(074

j

(0,0) i
000) ax

Figure4: Avector L in 2D and 3D vectors,

and V. From equation (1) and (2), decomposition of the vec-
tor L to its vertical and horizontal components results with
the following:

i =acos30° — ccos30°, ©)

j = —asin30° +b—csin30°. 4

For the isometric lines, two of the unknown a, b or c are
zeros and the 3D vertices of the lines can be calculated from
the equation (3) and (4). However, for non-isometric lines,
al unknowns are non-zeros. With only two equations avail-
able, there is no direct solution to the values. We introduce
anovel approach to approximate the values in the following
section.

3.3. Three-line-junction Analysis and Assumptions

Figure5: Athree-lines-junctionsin a 2D sketch.

Vertical edges in 3D are more likely to be drawn as ver-
tical lines in 2D sketches based on observation by [LS96].
In athree-line-junction (Figure 5), the line with the greatest
slope, line A, is assumed to have |ba| > |aa| and |ba| >
|ca|. Therefore, eliminating either ca or aa has little effect
on the vertex approximation. That is, theline A is simplified
aslying on the XY-plane or the YZ-plane:

La1 = aa%+bay
or

EAZ = baoy+CaZ.
With the above assumption, the solution that generates the
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greater ba value is selected. Line B and C in the junction
(Figure 5) are assumed to have least change in the height
compare to the line A, which means |ba| > |bgc|. We sim-
plify the solution for the line B and C as lying on the XZ-
plane,

Lgc = agcX+Cac

Substituting the equation (3) and (4) into the above equa-
tions, the value a, b and ¢ can be calculated. The vetices
for the lines in the junction can be determined by using the
appropriate equations from the above, based on their orien-
tation in the junction.

Note that there is no assumption of the junction being per-
pendicular, i.e., theline A isnot set perpendicular to the line
B and C, and theline B is not set perpendicular to theline C.

3.4. Vertices Approximation

Having selected the reference junction and approximated the
verticesfor the associated lines, the 3D face equationsfor the
faces touching the junction can be calculated. From the face
equations, we can approximate the vertices for the rest of the
junctions in the faces. Let a 3D face equation be px+ qy +
rz=s. The 3D vertex for apoint in the face with coordinates

(i,))is

X p q r 1rs
y | = 07071 0 0.7071 il
z 0.4082 0.8165 —0.4082 j
After the verticesin the faces touching the reference junc-
tion are obtained, the 3D geometric approximation can be
propagated to adjacent faces. The vertices for the adjacent
faces can be obtained by repeating the above process as long
as there are at least three vertices known for the faces. The
process is repeated until the vertices for all junctions in the
line drawing are obtained. There could be more than one

vertex for ajunction calculated from the touching faces, the
junction will be assigned to the average of the vertices.

3.5. Hidden Topology Deter mination

Mathematically, there are infinite hidden topology interpre-
tations for a natura line drawing. We assume the simplest
possible objects from the sketches by assuming that every
front face and hidden face in the objects meets at an occlud-
ing edge.

Determination of the hidden topology generaly involves
interpretation of junctions. The junctions give information
about the existence of hidden edges. To simplify the analy-
sis, the system is limited to interpret trihedrons. There are
exactly three lines (front and hidden edges included) con-
necting to a complete junction in the line drawings.
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The analysis starts by searching through junctions in the
line drawing. The junctions formed with only two lines are
identified. The two-line-junction is the junction with a hid-
den edge blocked by other parts of the object in the current
viewpoint. Two two-line-junction indicating a hidden edge,
three two-line-junction indicating a hidden vertex of the ob-
ject. The hidden edge is the edge connecting the two two-
line-junction. For the object with a hidden vertex, the hidden
face equations can be calculated from the visible vertices
of the faces in the sketch. The hidden vertex is the intersec-
tion point of the three hidden faces. Geometry symmetry and
mirror are used for the hidden topology determination when
there are more than one hidden vertex (also see [VMS04]).

3.6. Planarity Enforcement

A closed contour without internal circuit in a line drawing
represents a face in a 3D object, and the contour formed by
straight-lines represents a 3D planar face. The vertices ap-
proximated in the sections 3.4 might not lie on the associ-
ated planar faces. The errors can be caused by the imper-
fections in the freehand sketches, e.g., the parallel edges are
not sketched parallel, the edges that are supposed to be the
same length are not sketched to have the equivalent length,
and others. We apply the unambiguous planarity constraint
to correct the errors on the reconstructed objects. The best-
fit face equations are computed from the data points as in
[LS96]. The inaccurate vertices are adjusted to form planar
faces. Figure 6 shows an example of the reconstructed object
before and after the planarity enforcement.

SRR

Frgure 6: An example of a reconstructed object before and
after planarity enforcement; (@) initial sketch; (b) recon-
structed 3D object; (c) the object before the planarity en-
forcement; (d) the object after the planarity enforcement.

The new vertex is obtained by solving the three face
equations of the faces connecting to the associated junc-
tion. Let the faces connecting to the junction represented by
Fi|li = 1,2,3 with face equation pix+qiy+riz=s. Thein-
tersection vertex of the facesis

X pL g | [ s
y p2 G2 r2 S
4 P3 O3 I3 S

Although the best geometry might not be approximated
through the process, the approach ensures a consistent
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(though not always accurate) approximation. We repeat the
reconstruction process from different reference junction to
obtain different sets of the 3D vertices, and then have the
plane equation calculated from the sets of vertices to mini-
mize the inaccuracies.

3.7. Progressive 3D Reconstruction from Incremental
Sketching

Referring to Figure 1, the new input sketch received after the
first 3D object reconstruction will be tidied-up to generate a
new vertex-edge graph. A new 3D object will be generated
from the graph with the same reconstruction procedures as
discussed in the previous sections. However, the new 3D ob-
ject isreconstructed with anew 3D reference, which ison a
local reference system (the 3D reference for the first object
is taken to be the global reference). The new object needs
to be incorporated with the first object in the global refer-
ence system to be interpreted in a scene. With the objectsin
the same viewpoint, changing from the local to the global
reference system is simply by trand ating the new object by
the difference between the reference systems. The new ob-
ject needs to be attached to the first object at the appropri-
ate face. We assume the new object is always added to the
visible part of the first object, thus limiting the possible at-
taching face to visible faces for the first object and hidden
faces for the new object. We further apply the condition that
only a face from the new object is attaching to a face on
the first object. The two faces will be touching each other
only when they are overlapping in the sketch and paralel in
3D. However, the perfectly parallel faces seldom present in
practical, especially the objects are reconstructed from inac-
curate freehand sketches. Let the normal vectors for the vis-
ible faces on the first object, Nj = (I;,my,n;) | i =1,2,3..;
and the normal vector for hidden faces on the new object,
Nj = (Ij,mj,nj) | j =1,2,3.... The attaching faces are the
faceswith

lili + mym; + njn;
max i1 MM, + 0;
2 2 /2 2
\/|i+miz+ni\/|j+m,2+nj

After the parallel faces pair is identified, the overlapping
point of the faces in the sketch isidentified. The point might
be a junction for the new object in the first object face's
boundary and vice versa, or an intersection point of the new
and first object edges. The global vertex for the overlapping
point can be calculated by referring to the first object; mean-
while the local vertex for the point is obtained by referring
to the new object. The difference between the global and the
local vertex is the trandlation needed to incoporate the new
object with the old object.

Finally, the attaching face on the new object is adjusted so
that it is lying on the attaching face of the first object. After
this, the two objects are using the global reference system

and can be treated as a uniform scene during transformation.
The sketching and reconstruction process is repetitive.

3.8. Personalised Non-photorealistic Rendering (PNPR)

The reconstructed objects are rendered in non-photorealistic
rendering (NPR). The silhouettes of the objects are rendered
with the sketched strokes, which give the objects an appear-
ance similar to the input sketches (PNPR). The strokes are
aso rendered in various grey tones to provide depth cues for
the 3D objects, with darker tones indicating the closer end
and lighter tones indicating the further end.

4. Results

Figure 7 shows examples of the objects reconstructed with
the prototype system. The results show that the system is
able to reconstruct non-symmetrical, non-perpendicular and
non-axis-aligned objects from freehand sketches. It is also
able to reconstruct 3D objects incrementally from multi-
ple sketching sessions, as shown in Figure 1(a-h). Figure 8
shows more objects reconstructed by incremental modelling.

! -
\j,//

(b)

Figure8: Examples of 3D objects reconstructed fromincre-
mental sketching with our prototype sketching system.

5. Discussion

The sketching interface presented in this paper aids design-
ers in the early design stage by reconstructing 3D objects
from freehand sketches. It helps designers to compare the
spatial relations and relative sizes of objects. The interface
provides a natural sketching input environment by handling
the freehand sketches with overtracing. Designers can sketch
over existing sketches to enhance, complete or correct aline.

(© The Eurographics Association 2006.
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Figure 7: Examples of 3D objects reconstructed from freehand sketches with our prototype sketching system: (a) non-
symmetrical object; (b) non-perpendicular object; (c-d) non-axis-aligned objects.

Sketches are tidied-up to extract the vertex-edge graph that
represents the connectivity of the sketched strokes.

The sketch is then reconstructed into a 3D object by a
novel 3D reconstruction algorithm. The reconstruction al-
gorithm utilised by the system is computationally inexpen-
sive, simple and robust compared to algorithms involving
many computational parameters and extensive searches, e.g.
compliance function and optimization processing [LS96,
CCCP04, OK03, MKLO05]. In addition, it can be applied
to more objects compared to the perceptual-based sys-
tems [LB90, SG00, CNJCO3, NJC*02], i.e. it interprets not
only normaons and quasi-normalons, but also the non-
axis-aligned, non-symmetrical and non-perpendicular ob-
jects. Extended trihedrons can be reconstructed incremen-
tally from multiple sketching sessions (Figure 1(a-h)). It
also avoids the ambiguous heuristic rules. Furthermore, it
does not use gestural sketching input that enforces con-
straints about how objects can be sketched out asin [ZHH96,
EHBE97, QWJ00, SC04].

The proposed 3D reconstruction approach is novel and
suitable for online sketching applications. The approach ap-
proximates the 3D geometry from inaccurate sketches with
three-line-junction analysis and unambiguous planarity con-
straint. In the three-line-junction analysis, the 3D vertices
for the lines in the junction are approximated by limit-
ing the changes of up to two 3D components (x, y and 2).
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The approach automatically corrects the inaccuracies in the
sketches by enforcing the planarity constraint to the associ-
ated faces.

The process of sketching and 3D object reconstruction
is repetitive. Designers can sketch directly on any part of
the reconstructed object from different viewpoints. The new
sketches are reconstructed into 3D and incorporated with the
existing 3D objects. The incremental sketching allows the
progress of the design to be recorded. The design process
can bereused completely or partly to modify or explore other
possihilities of the design. Therecord can be interpreted in a
specific manner for evaluation, e.g., a video generated from
sketches across a fixed time interval to show the flow of the
design process. The output isrendered in asketchy stylewith
a similar appearance to the original sketched strokes. This
helps designers to focus on the design instead of being dis-
tracted by the output appearance.

In addition, the 3D reconstruction approach can be ex-
tended to reconstruct 3D non-solid objects. Figure 9 shows
an example of the non-solid object reconstructed from afree-
hand sketch with amodified version of the prototype system.

6. Conclusion and Future Work

Severa contributions have been made with this prototype
sketching system. First, it supports anatural freehand sketch-
ing environment with overtracing, which allows designers to
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Qg

Figure 9: An example of the non-solid object reconstruction.

sketch more freely as with pencil and paper. Second, it uses
anovel 3D reconstruction algorithm to reconstruct sketches
into 3D objects. The nature of the approach, e.g., compu-
tationally inexpensive, heuristic-free, insusceptible to input
inaccuracies and fully automatic, allows it to support an in-
tuitive and interactive calligraphic interface for conceptual
design sketching. In addition to removing the need for ges-
tural sketching, the approach is able to reconstruct the non-
axis-aligned, non-symmetrical and non-perpendicular ob-
jects. Third, it alows incremental modeling by sketching
directly on any part of the reconstructed 3D objects from
various viewpoints. Fourth, the objects are rendered in an
appearance similar to the original sketchesto discourage dis-
traction from the designers to the presentation on the com-
puter.

The system presented here is part of our personalised-
sketched-based 3D modelling and rendering system for con-
ceptual design. Further study is required for more polyhe-
drons and simple curve object reconstruction. The rendering
effect of the reconstructed scenes could be improved with
more detailed sketches e.g. shadows and textures.
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