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Figure 1: Feather coats conforming to field lines.
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Introdu tion

1.1 Problem statement
The tedious task of manually placing feathers on computer animated objects involves aligning feathers, ensuring that they do not
insect each other or penetrate the surface, deforming every feather
to match the local surface features, and ensuring that the feather
coat is consistent when the underlying object is animated.

Feather coats on birds can be particularly difficult to reproduce in
the form of a 3D model for use with computer graphics. Apart
from the issues of reproducing the detailed components of individual feathers, each feather must be correctly placed relative to
its neighbours, lying in close proximity and overlapping appropriately. Feathers must align themselves along the body of the bird,
and shape themselves according to the underlying surface. Interpenetration must be prevented. Of particular concern is maintaining
a consistent feather arrangement as the bird moves.

We present a technique for generating a feather coat over an object. Feather orientation is specified quickly and easily, feathers
are deformed while ensuring collision prevention, and the coat can
be animated. We create a vector field in the space surrounding the
body object and deform feathers to align with the field lines. The
non-intersection property of the field lines ensures that feather intersections are avoided. We provide a formulation of a suitable vector
field and demonstrate that it is capable of producing realistic feather
coats. The process can easily be integrated into the work-flow of
standard modelling and animation processes.

We present an approach for automatically creating a feather coat
such that:
• feather alignment can be controlled,
• individual feathers can be shaped to match the local body surface,
• collisions between feathers can be prevented, and

We show examples of feather coat creation on a range of objects,
proving that field line based placement of feather coats provides the
desired functionality for feather modelling and animation.

• arrangements of feathers can be animated.
The solution presented in this paper is intended to be included into
a 3D modelling and animation package. We describe the aspects of
our approach that allow it to be effective when implemented in such
an environment.

CR Categories: I.3.5 [Computational Geometry and Object Modeling]: Geometric algorithms, languages, and systems

While feather coats are the primary objective of this work the technique can also be applied to other regular surfaces structures created as a tiling of similar components, and where alignment, collision resolution and animation are required. This includes the scales
found on reptiles and fish, clumps of fur found on animals, replicated leaves on plants, or scales on pine cones. Examples of such
are shown in Figures 1, 6, 7, 8, 9 and 10.
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1.2 Ba kground
To date computer animated feathered creatures have had a tendency
to have a significant portion of their feather coats modelled as a
single surface with the details painted on. The few exceptions
require placement and animation of large numbers of individual
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noted issue is in the opening and closing of the wing. In reported
cases [Kaufman 2002; 3DA 2004] this requires changes of scale to
achieve realism. Substantial manual effort is also required to control feather interpenetration, on a frame by frame basis [Kaufman
2002]. This is even an issue at the rendering stage, where shaders
must sort feathers according to a precalculated ordering to avoid the
appearance of interpenetration [Aitken et al. 2004].

feather objects, typically numbering in the thousands [Robertson
2001; Aitken et al. 2004; Kaufman 2002; 3DA 2004]. These must
be prevented from intersecting while maintaining a consistent arrangement when animated. These problems are similar to those experienced when modelling hair, with the key difference being that
feathers are typically two dimensional (assuming minimal thickness) while hairs are usually approximated as one dimensional objects.

The use of vector fields in feather modelling and animation is limited, although [Wei et al. 2003; Wei et al. 2004] describe an isolated
feather responding to a wind field.

One innovative idea from the field of hair modelling is to align hair
strands to the field lines of a vector field [Hadap and MagnenatThalmann 2001]. The non-intersection property of field lines obviates collisions between hairs, while animation results by modifying
the field over time. This elegantly avoids the computation intensive
process of testing every hair for intersections with every other hair.
We extend this idea to working with feather coats; investigating the
mechanisms for providing such a field, modelling and animating
feathers based on the field, and applying the process in a manner
that is useful in practical modelling and animation tools.

Rendering individual feathers involves providing a suitably detailed
visual depiction of the individual components. We confine our attention to issues relating to modelling and animation. Rendering
issues for feathers are covered elsewhere [Chen et al. 2002].

3

1.3 Paper Overview

Our technique for feather placement aligns and deforms feathers
according to the field lines of a vector field defined in the space
around the base model. A field lines of a well behaved vector field
are unable to intersect, ensuring that objects aligned with these field
lines share the same benefit.

We review existing work in the generation of feather coats in section
2 before describing our technique of aligning feathers with field
lines in section 3. Section 4 describes the way in which the process
is implemented and applied in practice. Examples of feather coats
produced using field lines are presented and discussed in section 5.

2

Feather Pla ement

The vector field is an extension of a surface orientation field defined at vertices of the base model. For the purpose of this discussion, both base model (usually the naked bird body) and feathers
are assumed to be represented as polygonal meshes.

Related Work

The surface orientation field is used to determine the alignment of
the feathers. It is defined at a few key points on the surface and
extrapolated over the remainder of the vertices of the base model.

Techniques to perform feather coat generation can be broadly classified into the areas of modelling, animation and rendering.

The surface orientation field is extended by combining it with vertex normal vectors to produce a vector field that fills the space
around the base object. The feather coat results from replicating
and deforming a standard feather model to align with the field lines
of the vector field. Definition of an appropriate vector field produces feathers that conform to the local curvature of the underlying surface. The non-intersection property of field lines provides
a mechanism for avoiding explicit collision detection. Interpolating the key orientation vectors over time provides one way for the
feather layout to be animated. The other way is to deform the base
mesh, which changes the field lines by altering the vertex normal
vectors.

Modelling involves the representation of the individual components
(hairs, feathers), and arrangement of these over the surface of the
base object. Individual feathers have been modelled in detail, to
levels where individual barbs are represented [Franco and Walter
2002; Newport 2005], although simplified models are used when
manipulating feather coats interactively. Alignment of the components relative to the underlying surface is an important aspect of
hair and feather modeling; hair styles need to be reproduced and
feathers share a common alignment, overlapping from front to back.
Intersections between the components must be resolved. Explicit
collision detection is expensive, although optimizations specific to
feather coats can be used [Chen et al. 2002]. When feathers are
added from back to front then those feathers already placed do not
need to be moved in event of collision. Collision detection is performed using simplified models of the feather, and restricted only
to testing against neighbouring feathers. Intersection with the base
object can be resolved by deforming the feather [Newport 2005].

The following sections describe each of these steps in more detail.

3.1 Feather alignment
Feathers coats align from the front to the back of a bird [Streit 2003;
Kaufman 2002]. The pattern changes around extremities such as
wings and legs in a manner dependent on the context and requirements of a model. To support different patterns we allow the orientation of the coat to be specified at key points and interpolate these
over the entire surface. A single key orientation vector is usually
sufficient to provide back to front alignment of the surface orientation field. Additional vectors may be added as required to resolve
alignment issues around branching points for extremities.

Placement of feathers on a surface depends on feather size and coat
density. Existing strategies include explicitly distributing feathers
evenly over the surface [Streit 2003; Chen et al. 2002] or placing
feathers at random [Robertson 2001] to cover bald spots. Our approach is to place feathers at vertices of the base mesh. If required,
the vertices on a mesh can be evenly distributed using techniques
such as adaptive subdivision [Bangay and Morkel 2006].
Animation introduces further complexity to these problems by deforming the surface of the base object, and changing the alignment
of the feather coat. Arrangements need to be temporally coherent with no reordering of feather layers, or sudden popping from
one configuration to another. Environmental effects also affect the
coat such as when forces (e.g. wind) ruffle feathers. A commonly

Key orientation vectors are specified by the user who selects the
direction of a vector lying in a plane perpendicular to the surface
normal (surface tangent plane) at a vertex. While orientation fields
have been created for other applications [Turk 2001], we provide
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Figure 3: Behaviour of (1).

(a)

i is denoted by di and the projected distance to the tangent plane
through vertex i (i.e. perpendicular to Ni ) is represented by d⊥i .
The field at point p is then given by (2).

(b)

Figure 2: (a) Surface orientation field and (b) field lines for the owl
model shown in Figure 6
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additional functionality by also allowing the length of the key vector to be set. This is used to set the size of the feathers generated.
This serves two roles:
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1. The scale of the feathers used varies over the surface. Feathers in the head and neck area are usually small and densely
packed, while the flight feathers in wings and tail are fewer
and more substantial [Streit 2003].
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The expression in (2) defines a vector field in space as a combination of vectors defined at each vertex of the base mesh. The contribution of each vertex is affected by distance, decaying according to
factors k1 and k2 . This provides opportunities for optimizing the calculation by restricting it to vertices in close proximity to the point
of interest. The shape of the field can also be modified by adjusting
the values of the parameters to favour either the outward or surface
tangential components.

2. Animators have reported issues when folding wings in toward
the body [Kaufman 2002; 3DA 2004], having to resort to scaling feathers down in order to achieve the correct visual result.
Control of feather scale allows this to be easily achieved.
The direction and scale values are determined for every vector in the
base mesh using the diffusion process described by [Turk 2001]. An
example of the resulting surface orientation field is shown in Figure
2a.

The variation in the contribution of the normal vector is determined
by (1). This expression, illustrated in Figure 3, provides an initial
high repulsion determined by n1 to clear the surface. The repulsive force decreases until a cutover distance from the surface, determined by n2 , after which the force begins to attract the feather
back toward to the surface.

3.2 Field denition

Figure 4 shows the effect of the parameters on the vector field and
the resulting feather coat. The feather template used is shown as the
inset in each image.

The surface orientation vectors defined for each vertex, together
with the vertex normals are used to create a vector field defined over
the volume outside the base object. Field lines within this vector
field become the trajectories along which feathers are placed. This
section presents an example of the formulation of such a field and
describes the process through which field lines are traced.

Field lines, such as those illustrated in Figure 2b are created by
following the vector field from each of the vertices. The process
is as described in Algorithm 1. The field vector calculated at each
point along the field line is used to approximate the position of the
next point on the field line. The accuracy of the algorithm improves
as the distance between samples (variable k in the algorithm) gets
smaller.

Qualitatively the field needs to be aligned with the orientation vectors on the surface of the object. Close to the surface, the field needs
an outward component away from the surface to prevent intersection with the surface and with neighbouring feathers. This outward
component needs to be limited: at some distance from the surface
the field lines should become parallel to the underlying surface so
that the feather coat retains the appearance of the base object.

This basic field definition needs to be extended to support the twodimensional structure of the feather. The definition provided in (2)
is sufficient to provide the shape of the (one dimensional) shaft of
the feather but needs to be widened to support shaping of the vane.
A second field is created that runs perpendicularly to the first. This
field must also follow the contour of the base mesh. We create this
field in a similar fashion to the first but with two key differences:

The field used in this paper is created as follows: Let Ni be the unit
normal vector at vertex i, and Ti be the corresponding unit tangent
orientation vector. Given a point p, the distance to p from vertex
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Algorithm 1 Method of tracing field lines.
k ←distan e between samples
p ← v (starting vertex)
repeat n times
add p to field line
D ← F(p)
normalize D
p ←p + kD

(a) Rigid feathers aligned with orientation field.

1. We replace the orientation vector, Ti , with an orthogonal surface tangent vector: Ui = Ti × Ni .
2. We reduce the contribution of the normal vector to prevent the
vanes curling outward when in close proximity to the surface.
In practice, a scaling factor, b, is sufficient to reduce the influence of the first term as shown in (3). The factor, b, is usually
set to some small value (typically 0.01), so that this sideways
field tends to parallel the surface orientation field.

(b) Field lines: n1 = 1, n2 = 6, k1 = 8, k2 = 8 and b = 0.01

G(p) = ∑
i

(c) Feather coat: n1 = 1, n2 = 6, k1 = 8, k2 = 8 and b = 0.01

ai bNi
dik1

+

Ui
dik2

!

(3)

At any point p in space, these two vectors are sufficient to create
a set of basis vectors (G(p) × F(p), F(p), G(p)) for a coordinate
system, where the first axis corresponds to the depth (or thickness)
of the feather, the second is aligned along the length of the feather,
and the third along the width.

3.3 Feather deformation

(d) Feather coat: n1 = 0.1, n2 = 6, k1 = 8, k2 = 8 and b = 0.01

Once the vector field has been created, feathers are placed at each
vertex and deformed to conform to the field. Feathers are placed
only at vertices of the surface mesh. This simplifies user control
over feather placement. Most modelling packages contain tools
for manipulating vertex densities: either directly or through refinement/simplification schemes [Bangay and Morkel 2006].
(e) Feather coat: n1 = 1, n2 = 0.4, k1 = 8, k2 = 8 and b = 0.01

The details of the feather deformation procedure are provided as
Algorithm 2. A polygonal mesh object that represents the feather is
provided. A deformed version of this object is replicated at each target vertex of the base mesh. The vertices of the deformed mesh use
the original object coordinate system of the feather mesh. Each deformed feather object has its own transformation that maps it to its
appropriate position and orientation on the base mesh. This makes
it possible to easily manipulate feathers after they have been placed
- the entire feather can be raised or lowered if a better fit is required.

(f) Feather coat: n1 = 1, n2 = 6, k1 = 1, k2 = 8 and b = 0.01

The deformation occurs incrementally starting from the base of the
feather and working upwards. The point at the base of the feather
mesh is assumed to be close to the origin and is left unaltered. This
transforms to the vicinity of the target vertex when the deformed
feather is positioned on the base object. For the remaining points on
the feather mesh, an offset relative to an already positioned neighbouring point is calculated. These offsets are transformed into displacements along the coordinate system defined by the vector field
at the neighbouring point (see section 3.2). The deformed position
of a feather vertex is given by this displacement added to the deformed position of its neighbour. We average the predicted position
over all placed neighbours in order to improve consistency.

(g) Feather coat: n1 = 1, n2 = 6, k1 = 8, k2 = 4 and b = 0.01

Figure 4: Feather layout conforming to field lines.
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Algorithm 2 Feather deformation procedure.
input:
feather mesh with: verti es vi , length along y axis and width along x axis
output:
deformed feather meshes with: verti es f vi and mesh transformation W
for ea h vertex w of the base mesh
V ←transformation su h that: y axis maps to Tw and z axis maps to Nw
i ←index of vertex in feather obje t with smallest y value
f vi ← vi
while some f v j is unassigned and neighbours N j = { f va , f vb , . . .} are assigned
for f vk in N j
p ← f vk ·V + w
[F, G] ←field dire tions at p 
pk ← f vk + v j − vk · [G × F, F, G] ·V −1
f v j ←average of {pk }
W ← V ·translate(w)
Create feather with verti es { f vi } and transformation W

4

Implementation

The plug-in is invoked during modelling in order to specify orientation values at key vertices and frames. The entire feather coat
can also be generated for testing purposes. Feather placement and
deformation occurs automatically during the rendering stage. For
each frame to be rendered:

The feather placement strategy can be easily integrated into an existing 3D modelling package. Creation of a feather coat involves
interaction with the artist, and a number of data structures are created and manipulated. We show how the facilities required for this
process can be implemented using only facilities commonly found
in most modelling packages. In particular we concentrate on aspects of the process that support control and intervention by the
animator interacting with the tool.

1. The orientation of key vertices for this frame is extracted.
2. The orientation vector field is created by diffusing the values
at the key vertices.
3. Feathers are placed at each vertex and deformed according to
the field lines of the field derived from vertex orientation and
normal values.

The feather placement strategy is implemented as a plug-in for
the open source 3D content creation suite, Blender (http://www.
blender.org/). The implementation does not require any features specific to this platform or access to the source code and so
could potentially be adapted to any 3D modelling environment. In
our case, the plug-in is implemented through a scripting interface
which further limits platform dependencies.

4. The base mesh and feather coat are rendered as part of the
scene by the modelling package.
Our approach has been to leave as much of the process as possible under direct control of the animator, through use of tools already provided by the modelling package. The complexity of the
feather mesh is duplicated in each component of the feather coat.
Thus structure and appearance of each feather is determined by the
amount of detail provided in this model by the user. Feathers are
placed at selected vertices of the base mesh. The position and density of these vertices is again under user control using the tools supplied by the package.

The surface orientation field is specified by defining the orientation
values at key vertices of the base mesh. Once the field is generated
orientation vectors are stored for every vertex in the base mesh, by
creating a second mesh which duplicates the vertices of the base
mesh. Flags, such as that to signal the presence of a key orientation
value, are encoded into spare fields of this second mesh. In our case
we use the bits of the vertex colour attribute.
Visual representations of the key orientation vectors, and of those
interpolated from these key vectors, are produced by adding appropriate faces to this second mesh. These values are all manipulated
directly from the GUI control panel for the plug-in, hiding the existence of the second mesh from the user. Values stored in this
second object are saved as part of the scene, automatically making
them persistent. The second object can be moved to a hidden layer
to avoid being included in the final rendered output, although it is
invaluable as feedback when modelling the feather coat.

5

Results

To demonstrate that our approach is suitable for creating feather
coats, we show that it allows efficient modelling and animation,
that it supports the placement of feathers in a predictable fashion,
that the field line deformation prevents feather intersection and that
the feather coat can be realistically animated.

Key orientation values need to be defined over a number of frames
to allow animation of the feather coat. Since these are relatively few
in number (compared to the number of vertices in the base mesh),
we associate an invisible object with each key vertex and assign
the feather orientation to the object’s orientation at each key frame.
Since the modelling package automatically interpolates these values this allows us to retrieve an appropriate orientation value for
every key vertex at any given frame without further effort. We can
even use the tools provided by the package for manipulating trajectories to refine the animation without needing any further development of the plug-in.

5.1 Performan e
Our current implementation is a scripted prototype, and performance has not been not major consideration. The approach does
lend itself to a number of optimizations to ensure that it performs
at a level sufficient to support interactive modelling, and generation
of feather coats in a realistic time.
We make use of an octtree to limit the number of base mesh vertices
contributing to the calculation of the vector field at any point. In
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practice, we find that taking the nearest 10 vertices to the point
under consideration is sufficient to reproduce the field accurately.
Without this optimization the time for feather placement increases
with the complexity of the base mesh. The unoptimized script takes
8.4s per feather to place the 4234 feathers used on the owl in Figure
6. With the octtree optimization, the time per feather is reduced to
0.15s, as shown in Table 1.

practice, collision prevention works well, as illustrated in the various examples shown in this paper.
Two factors are primarily responsible for those collisions that do
occur:
1. Feather meshes can have finite thickness. We currently have
made no attempt to scale the thickness of the feather according to the density of field lines, which means that feathers
forced tightly together will interpenetrate. The feather model
used to create Figure 6 is two dimensional plane, while the
scale used in the pine cone of Figure 10 has significant thickness.

The complexity of the algorithm is among its greatest strengths.
The process is linear in terms of the number of feathers added, as
each feather is deformed to align with the vector field only, independently of all other feathers. Feathers can be placed in any order, and
subsections of the coat can be placed in their final positions without any knowledge of the arrangement of the remaining feathers.
Compare this to pair-wise collision testing, in which each feather
would need to be tested for intersection against all neighbouring
feathers, and in the worst-case, involve adjustments to all feathers
in the feather coat [Chen et al. 2002]. Components of a feather coat
can be generated in parallel, or generation of the feather coat can be
restricted to only those feathers visible from the current viewpoint.

Visible artifacts are usually avoided as the top surface of one
feather remains consistently above the top surface of another.
This is ensured by the collision prevention property of the vector field based deformation.
2. The sampling process used only approximates a field line.
The linear interpolation and discrete sampling used can cause
intersections; for example a feather curving back toward the
base mesh may intersect it before the next point is sampled.
This problem can be reduced by increasing the vertex density
of the feather mesh, at a cost of more time spent during feather
deformation.

The complexity of the field, in terms of the number of key vectors
used to define the field, does not affect the time taken to place feathers. Table 1 summarises the performance of the script over several
models. Variation in the time per vertex is due to the sensitivity of
the octtree based field calculation to variations in the vertex density
of the base mesh and the proximity of the feather coat to the base
mesh.

5.4 Animation

The ability to place only portions of the feather coat is particularly
valuable from the point of view of the animator, who can generate
the feather coat over subsections of the model, or with a reduced
density, to allow rapid previewing.

As a demonstration of the animation capabilities of our approach
we present an example showing a process reported to be one of the
hardest tasks in feather animation: folding a wing [Kaufman 2002;
3DA 2004]. Several frames from such a sequence are shown in
Figure 5. The left wing of the bird model shown has been replaced
with simplified mesh over which the vector field for a feather coat
has been defined. The wing is animated by an internal skeleton
(Blender armature) to ensure that the inner and outer sections fold
together. Key orientation vectors at the start and end frames have
been defined to ensure feathers remain parallel with the body, and
to cause the wing tip feathers to fold in as the wing closes. Feathers
on the front of the wing have been scaled down.

5.2 Field onstru tion
Figure 4 shows field line aligned feathers in comparison with feathers lying on the vertex tangent planes. The rigid feathers in Figure
4a avoid surface intersection in regions where the surface is convex
upwards, but feather-feather and feather-surface intersections occur
readily in concave regions. The benefits of the deformation process
can be clearly seen in Figure 4c. Feathers follow the contours of
the underlying surface, retaining the surface structure in the feather
coat. The feather coat increases the volume of the model, as is noted
with other approaches [Kaufman 2002].

The resulting sequence shows that the feathers slide smoothly over
one another as the wing closes. This example moves smoothly,
but other sequences have been observed to be jerky. This has been
isolated to the diffusion step in the creation of the orientation field
which has a tendency to settle into stable stationary states. The
use of a surface orientation field also has another limitation. In
the example shown feathers are omitted from the vertices on the
trailing edge of the wing because the surface plane at these points
are perpendicular to the desired feather direction.

Arrangement and deformation of feathers under various surface
curvature conditions are illustrated in Figures 1, 6, 7, 8, 9 and 10.
Note the use of varying scale values defined in the surface orientation field to create smaller feathers over the head and legs of the
owl shown in Figure 6, while placing large feathers over the body
and tail.

6

The most significant problem experienced so far is in producing
a field that extends beyond the boundaries of the base object, in
the case of the tail feathers, or trailing edges of open wings which
project behind the bird. The field naturally attempts to follow the
surface, wrapping feathers around and under. The current, but nonideal, solution is to remove the bottom surface of the mesh to reshape the field.

Con lusions

The use of field lines is an effective way to quickly generate realistic
feather coats. The surface orientation field allows coat orientation
to be defined by providing a few key orientation values at a small
set of spatial and temporal locations. The resulting field lines shape
the feathers to conform to the surface of the base object, and at the
same time resolve collisions. The process supports animation of the
underlying base mesh.

5.3 Collision Prevention

This paper makes a number of contributions. The algorithm for creating surface orientation fields is extended to include interpolation
of other attributes, such as a scale factor. A vector field is formulated, whose field lines are suitable for creating feather coats. The

The vector field fomulation presented in this paper is derived intuitively and we have not attempted to provide any proof that feathers
aligned according to this field will never intersect. However, in
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Model
Owl (Figure 6)
Goldfish (Figure 7)
Protea bracts (Figure 8)
Protea flowers (Figure 8)
Porkupine (Figure 9)
Pinecone (Figure 10)

Number of feathers
4234
573
65
1629
1273
162

Vertices per feather
49
261
81
198
385
194

Time to create coat/[s]
625
527
8.6
593
2709
67

Time per vertex/[s]
3.0 × 10−3
3.5 × 10−3
1.6 × 10−3
1.8 × 10−3
5.5 × 10−3
2.1 × 10−3

Table 1: Feather coat creation time.
the visual effects that brought middle earth to the screen. In SIGGRAPH 2004 course notes, ACM Press, New York, NY, USA,
11.
BANGAY, S., AND M ORKEL , C. 2006. Graph matching with subdivision surfaces for texture synthesis on surfaces. In AFRIGRAPH
2006: Proceedings of the 4th International Conference on Computer Graphics, Virtual Reality, Visualisation and Interaction in
Africa, ACM Press.
C HEN , Y., X U , Y., G UO , B., AND S HUM , H.-Y. 2002. Modeling and rendering of realistic feathers. In Proceedings of the
29th annual conference on Computer graphics and interactive
techniques, ACM Press, 630–636.
F RANCO , C. G., AND WALTER , M. 2002. Modeling and rendering of individual feathers. In Proceedings of the XV Brazilian
Symposium on Computer Graphics and Image Processing (SIBGRAPI’02), 293–299.
H ADAP, S., AND M AGNENAT-T HALMANN , N. 2001. Modeling
dynamic hair as a continuum. Computer Graphics Forum 20, 3,
329–338.
K AUFMAN , D., 2002. Stuart little 2: Taking character animation to the next level or fur, feathers and flying. SIGGRAPH 2002 Course notes, http://www.imageworks. om/
films/stuartlittle/pdf/StuartLittle2.pdf, [Last Accessed: 12 April 2005].
N EWPORT, M. 2005. Start to Finish Feathers Solution. Master’s
thesis, N.C.C.A Bournemouth University.
ROBERTSON , B. 2001. Birds of a feather. Computer Graphics
World (January), 22–27.
S TREIT, L. M. 2003. Modelling of Feather Coat Morphogenesis
for Computer Graphics. PhD thesis, The University of British
Columbia.

Figure 5: Stages in wing folding

T URK , G. 2001. Texture synthesis on surfaces. In Proceedings of
ACM SIGGRAPH 2001, ACM Press, 347–354.

field is extended to support for 2D objects, such as feathers. The
approach used provides the control required by animators working
on the feather creation process, allowing fine control over the final
appearance, and producing realistic output with minimal input.
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successful proof-of-concept demonstration. Further work remains
in refining and developing the process.
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Figure 8: Flower head of the King Protea (protea cynaroides) with
both bracts (pink) and flowers (white) modelled with individual
vector fields.

Figure 9: Quill coat of the porkupine (prickli piggus). Field parameters used are: n1 = 4, n2 = 15, k1 = 9, k2 = 9, b = 0.01

Figure 6: Feather coat on owl model. Field parameters used are:
n1 = 0.5, n2 = 1, k1 = 8, k2 = 8, b = 0.01

Figure 7: Scale coat on goldfish model. Field parameters used are:
n1 = 0.1, n2 = 1, k1 = 8, k2 = 8, b = 0.01

Figure 10: Scale coat on a pine cone.
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