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Abstrat

This paper presents a seed plaement strategy for streamlines based on ow features in the

data set. The primary goal of our seeding strategy is to apture ow patterns in the viinity of

ritial points in the ow �eld, even as the density of streamlines is redued. Seondary goals

are to plae streamlines suh that there is suÆient overage in non-ritial regions, and to vary

the streamline plaements and lengths so that the overall presentation is aesthetially pleasing

(avoid lustering of streamlines, avoid sharp disontinuities aross several streamlines, et.).

The proedure is straight forward and non-iterative. First, ritial points are identi�ed. Next,

the ow �eld is segmented into regions, eah ontaining a single ritial point. The ritial

point in eah region is then seeded with a template depending on the type of ritial point.

Finally, additional seed points are randomly distributed around the �eld using a Poisson disk

distribution to minimize losely spaed seed points. The main advantage of this approah is

that it does not miss the features around ritial points. Sine the strategy is not image-guided,

and hene not view dependent, signi�ant savings are possible when examining ow �elds from

di�erent viewpoints, espeially for 3D ow �elds.

Key Words and Phrases: seed plaement, streamline, ritial point, Voronoi diagram, Pois-

son disk distribution.

1 INTRODUCTION

There are a number of methods for streamline plaement that mostly address the aestheti aspets

of a ow visualization using streamlines. These methods [11, 16℄ desribe how the streamlines

should be plaed in a ow �eld so that the visualization does not appear to be luttered and there

are no artifats introdued in the visualization proess that might lead to a misinterpretation of

the ow �eld. In our work we address an important issue that has been largely negleted by these

methods. Namely, whether the streamlines plaed by these methods result in a visualization that

aptures all the important features (e.g. ritial points) of the ow �eld. Our streamline seeding

strategy guarantees that important features like ritial points are not missed. If the streamlines are

not seeded appropriately (e.g. using regular or random seeding), or using image-guided streamline

plaement alone, important details of the ow an be missed. This problem is illustrated in Figure

1. Figure 1a shows streamlines generated using a regular seeding strategy, Figure 1b shows the

result of using image-guided streamline plaement, while Figure 1 shows the result of using our

seeding strategy. We an see that without proper seed plaement, some details of the ow an

be missed by the streamline visualization. The saddle ritial point is not suÆiently aptured by
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the streamlines in Figure 1a and Figure 1b. Streamlines generated using our method adequately

highlights the ritial points as shown in Figure 1.

Figure 1: (a) E�ets of regular seeding (49 streamlines), (b) e�ets of image-guided seeding (47

streamlines), () e�ets of ow-guided seeding (47 streamlines). Regular and image-guided seeding

strategies may miss important ow features, speially when seeding is sparse. Both image-guided

and ow-guided streamlines were generated suh that the minimum separating distane of stream-

lines is 3% of the image width.

There are some important goals to onsider in order to generate an e�etive streamline visual-

ization. In partiular, a good seeding strategy should have the following harateristis:

� Coverage: The streamlines should not miss any interesting regions in the vetor �eld. The

interesting regions are those that we would like to study in the vetor �eld, e.g. ritial points,

separation, and re-attahment lines. In addition, streamlines should over the entire region of

the �eld. Hene, even if the �eld is more or less uniform in a region, some streamlines should

indiate the uniform nature of the ow in these regions. This goal is easier to ahieve than

other goals beause one an always generate a lot of streamlines suh that nothing important is

missed. However, simply populating the �eld with more streamlines is not aeptable beause

some areas in the ow �eld, suh as onvergent regions, will fore streamlines to luster

together, making it diÆult to distinguish among individual streamlines. More importantly,

it defeats the harateristi of uniformity as desribed next.

� Uniformity: The streamlines should be more or less uniformly distributed over the �eld. This

is a more hallenging goal to ahieve beause while we an ontrol where to plae the seeds,

we do not know how the resulting streamlines will behave. Uniformity is diretly related to

the density of streamlines rossing a unit area of the ow �eld. Hene, density of streamlines

is an important parameter.

� Continuity: It is desirable from the point of view of aesthetis that the streamlines show

ontinuity in the ow. Hene, one would prefer fewer long streamlines over many short

streamlines. The latter tend to give the impression of \hoppiness" while the former tend

to give an impression of smooth ontinuous ow. In general, the longer the streamlines,

the higher the likelihood that they will tend to rowd together in some arbitrary ow �eld.

Therefore, this parameter needs to be balaned against the uniformity riterion.
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Sine most ow �elds are de�ned over a grid, a popular seeding strategy is to seed at the grid

points so that no important features are missed. This is usually an overkill and requires that more

streamlines be traed than is neessary to apture all the desired details of the ow. Furthermore,

the streamlines tend to lutter in ways that is diÆult to predit. Even if the grid is sub-sampled to

redue the density of streamlines, luttering is still diÆult to avoid. Finally, regular seeding may

also produe visualization artifats that are not present in the ow �eld. Figure 2 shows streamlines

with regular seed plaement for two datasets. These images show that the streamlines plaed on

a regular grid an generate artifats beause the underlying regular grid an be pereived in the

visualization (left image in Figure 2) and also reate lutter if the streamlines are too long (right

image in Figure 2).

Figure 2: Streamlines are seeded on a regular grid for these two datasets. Left: the underlying

regular grid an be pereived in the visualization. Right: streamlines an reate lutter if their

lengths are long.

Cluttering is of ourse dependent on the ow �eld. Blindly seeding on a regular grid results

in a streamline visualization where the individual streamlines an be diÆult to distinguish in

important regions (e.g. regions where a ritial point is present). If one does not seed all the grid

loations and seed only every other grid point (for instane) then the streamlines might miss some

interesting features. Regular seeding on a grid does not satisfy the requirements of overage and

uniformity for a good streamline visualization.

Image-guided tehniques fous on the problem of luttering. These methods also enfore a

uniform spatial distribution of streamlines. However, they ignore overage riterion, a sienti�ally

important aspet of the ow visualization. The work presented in this paper attempts to alleviate

this problem. We onsider the overage goal to be of greatest importane beause from a sienti�

point of view the information ontent of any visualization is the most important. The goal of a

uniform spatial distribution of streamlines is important only to the extent that it does not interfere

with the most important goal of ahieving a good overage. The goal to ahieve an esthetially

pleasing visualization has its merits but it should not ompromise the other two goals (overage

and uniformity), hene it is low on our priority list. Another problem with image-guided tehniques

is that they are view dependent and do not permit interative manipulation of viewpoint.

Our approah starts with the assumption that if we know how the ow behaves and the loation

of the important features in the ow are known, then we an plae seeds to trae streamlines more

leverly than the naive approah to plae seeds at the grid loations, or to use an optimization
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strategy to redue lutter. In fat, there has been signi�ant researh done to extrat the important

features we are interested in looking at. See [3, 7℄ for a de�nition and lassi�ation of ritial

points. These points are also used extensively in topologial presentation of ow �elds [7, 8, 9℄. In

this paper, we take advantage of the knowledge about the ow features in deiding how to plae

streamlines more intelligently. In partiular, the type and loation of the ritial points are used to

design and orient seeding templates that apture the ow patterns of these ritial points. We are

on�dent that our strategy an be easily extended to use information about other features like ow

separation and re-attahment lines, ow topology lines, et. to further improve the ow-guided seed

plaement for streamlines. For example, information about automatially extrated separation and

attahment lines [12℄ an be used to improve seeding to highlight those regions.

2 RELATED WORK

There are very few methods that address the problem of generating visualizations with good stream-

line plaement strategies. It should be noted that plaing seeds uniformly does not result in uni-

formly spaed streamlines. Hene methods like Dovey's [5℄ to generate a uniform density of glyphs

are not very useful for streamline plaement. Max et al. [14℄ use partile traes on a 3D surfae that

are terminated when they ome too lose to the path of other partiles. Turk and Banks [16℄ use

the minimization of an energy funtion to guide the plaement of streamlines at a spei�ed density.

Their method uses a low-pass �ltered version of the urrent image to measure the di�erene between

the urrent image and the desired density value. The energy is redued iteratively by hanging the

positions and lengths of streamlines, merging streamlines, and reating new streamlines. The re-

sulting plaement has a hand-plaed appearane and the streamlines appear to be neither too sparse

nor too rowded. Computation time for their method is signi�ant. Jobard and Lefer's method [11℄

reates evenly spaed streamlines that math the quality of streamlines generated using the image

guided approah of Turk and Banks [16℄. Reently, Mao et al. [13℄ have extended the image-based

method of Turk and Banks to plae streamlines on urvilinear grid surfaes. A major drawbak of

all these methods is that they do not take guidane from the important features of the ow. None

of the existing methods for streamline plaement guarantee that the resulting streamlines would

apture all the essential features of the ow �eld. If the streamline separation distane hosen in

Jobard and Lefer's method is not small enough, the streamlines ould miss a ritial point or the

ritial point might not be suÆiently aptured by the streamlines. Our strategy guarantees that all

the essential features will be aptured by the resulting streamlines beause we use the information

about the loation and type of ritial points to seed the streamlines.

3 FLOW-GUIDED STREAMLINE PLACEMENT

Before we begin disussing our strategy to plae seeds in a ow �eld, let us look at the di�erent

types of ritial points in 2D ows. Figure 3 shows the di�erent types of ritial points that an be

found in 2D ows.

If the ow �eld ontains only one ritial point (of any type) and if we know the loation and

nature of the ritial point, then we an easily deide where to plae the seeds to trae streamlines.

Figure 4 illustrates the seeding pattern for di�erent types of ritial points. We have studied the

di�erent ritial point types and have ome up with the following strategy to plae seeds in the

viinity of the ritial points so that the streamlines traed from these seeds bring out the nature of

the ow around the ritial points. We all these seeding patterns to be seed templates for ritial
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Figure 3: Di�erent type of ritial points possible in 2D ows.

points.

1. enter, spiral: plae seeds along a straight line emanating from the ritial point loation.

Figure 4a shows the seed template for enter and spiral type of ritial points.

2. soure, sink: plae seeds along the perimeter of a irle around the ritial point. Figure 4b

shows the seed template for this type of ritial point.

3. saddle: plae seeds along the lines that biset the prinipal eigen diretions. Figure 4 shows

the seed template for saddles.
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Figure 4: Seed templates for various ritial points. The bold dots represent the seed template and

the dashed lines are the streamlines traed using the seeds from the template. (a) enter, spiral;

(b) soure, sink; () saddle.

In the following disussion, we will refer to the ow patterns around ritial points, as depited in

Figure 3, as being ideal. That is, the ow pattern is representative of the ow that one might observe

in the viinity of these types of ritial points. The ow pattern is the identifying harateristi

that distinguishes one type of ritial point from another. For example, we expet to see rotating

ow around a enter type of ritial point.

An important parameter to deide for plaing seeds along the template is the proximity of the

seeds to the ritial point. We have used some heuristis to deide how to hoose the size of the
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template for a given ritial point and other parameters like the distane between adjaent seeds

on a template. The details of parameter seletion are disussed in setions 3.1 and 3.2.

The view of ow �elds presented above is however very simplisti. In general, multiple ritial

points may be present in the ow and they interat with eah other to give rise to patterns that

deviate from the above presented simplisti notion of a ow �eld. Looking at Figure 5, we note

that the ow near ritial points is very similar to the ideal ow pattern for that type of ritial

point. As we go further and further from a ritial point loation, the ow pattern is inuened by

other ritial points. That is, the ideal ow pattern is most prominent in the immediate viinity of

the ritial point. Consequently, for any general ow, we an always �nd a neighborhood around

eah ritial point where the ow behaves as if other ritial points were not present in the ow. If

we an �nd this neighborhood then it will be easier to plae seeds lose to the ritial points for a

streamline visualization that highlights the ritial points \niely". Hene, we proeed to determine

a suitable partition of the ow suh that only one ritial point lies inside eah partition. We have

found that suh a partition an be approximated by the Voronoi diagram onstruted using all the

ritial point loations of the ow �eld.

Figure 5: A ow an be partitioned using Voronoi diagram of the ritial point loations. Eah

Voronoi region ontains only one ritial point that represents the ow in that region.

Given a set S of n distint points in R

d

, the Voronoi diagram is the partition of R

d

into n

polyhedral regions vo(p), (p 2 S). Eah region vo(p), alled the Voronoi region of p, is de�ned as

the set of points in R

d

whih are loser to p than to any other point in S [6℄. For our purposes,

the set S is the set of ritial point loations in R

2

. Sine some of the Voronoi regions will be

unbounded, we also ompute the intersetion of the Voronoi diagram with the ow data's grid

boundary. We hose to use Voronoi partitioning beause the Voronoi regions are onvex polygons

with the property that every point in the Voronoi region around a ritial point is loser to that

ritial point than to any of the other ritial points. This means that the ow at the points in

eah Voronoi region is primarily inuened by the ritial point it ontains. This is an important

heuristi beause we have observed that the ow pattern at any point is inuened by its proximity

to a ritial point. The size of eah Voronoi region is an approximation of the extent of the inuene

of the ritial point it ontains. In the following disussion, the boundary of a Voronoi region will

be alled its Voronoi boundary.

Figure 5 shows a Voronoi partition of the dynami vorties dataset. Notie that eah Voronoi
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region ontains exatly one ritial point and the ow within a region is haraterized by the type

of ritial point it ontains. The Voronoi regions are an approximation of the boundaries that

partition the ow into di�erent regions of ow types. Also important to notie is that around

eah ritial point the ow would be lose to ideal for that type of ritial point. However, as you

move away from the ritial point, the ow will start to show inuenes from the ow around the

neighboring ritial points. It seems that the only ritial points that might inuene the ow near

the boundary of a Voronoi region are those that are its neighbors beause the ow patterns near

the edges of the Voronoi regions depend on the ritial points on both sides of eah edge.

Given the above bakground, we an now outline a strategy to plae seeds based on ritial

point loation and types:

1. ompute ritial point loations and determine their types.

2. ompute Voronoi partition of the set of ritial points.

3. use template patterns around eah ritial point to plae seeds and trae streamlines from

these seeds.

4. plae some \random" seeds to �ll blanks.

We use FAST [1℄ to ompute the ritial point loations and to lassify them. To ompute

the Voronoi diagram of the set of ritial point loations, we use Jonathan Shewhuk's publily

available software alled triangle [15℄. For step 3 in the proedure desribed above, we need to

make the following deisions:

� How big should the template pattern be?

� How far apart should the seeds be plaed in the template?

� How long should the streamlines be?

We will disuss these issues in setions 3.1, 3.2, and 3.3, respetively. After seeding streamlines

using templates for ritial points, we add some random seeds that are distributed aording to

Poisson disk distribution. There are two important onsequenes of seeding with the seed template

before the random seeds. By giving priority to seed templates, we ensure overage of ow patterns

near ritial points. Furthermore, beause we terminate a streamline when it omes lose to an

existing streamline (see Setion 3.3), earlier streamlines will tend to be longer than later streamlines.

Hene, streamlines traed from the seed templates are longer than those traed using seeds plaed

randomly to �ll in blank spaes (see Setion 3.4). Suh a strategy ensures that the regions in the

ow �eld lose to ritial points are given more importane than other regions.

3.1 Deiding size of seed templates

We are assuming that the ow inside eah Voronoi region is haraterized primarily by the type of

ritial point it ontains. This means that eah ritial point should have its template onstrained

to lie ompletely within that ritial point's Voronoi region.

We use the following strategy to deide the size of the seed templates for the various ritial

points.
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� enter, spiral: For enter and spiral type of ritial points, we �nd the line segment that

joins the ritial point to the losest point on the Voronoi boundary and seed along this line

segment. One might ask what is so speial about this partiular line segment. We ould have

hosen many other line segments, for instane one that joins the ritial point to the farthest

point on the Voronoi boundary. We have experimented with many suh possibilities and most

of them resulted in too many streamlines and hene lutter. Basially, the ideal ow pattern

of these ritial points fade rather quikly.

� soure, sink: For a soure and sink type of ritial points, we seed along a irle's perimeter.

This irle has its enter at the ritial point and we hose it to be the largest irle that

would �t ompletely inside the ritial point's Voronoi region. Hene, the radius of this

irle is equal to the distane between the ritial point and the losest point on the Voronoi

boundary. In ontrast to enters and spirals, the ideal ow pattern of soures and sinks seem

to extend further out.

� saddle: For a saddle we plae seeds along two lines. These lines are the bisetors of the

prinipal eigen vetor diretions. The extent of these lines is deided by their intersetion

with the Voronoi boundary. We have found that the saddles are the trikiest to seed beause

if the the seed losest to the saddle's loation along the bisetors is not lose enough then the

saddles are not aptured properly. For this reason, we deided to seed two speial streamlines

very lose to the saddle. The seeds for these two streamlines are hosen to lie on the same

bisetor but on the opposite sides of the saddle's enter. The distane of these speial seeds

from the enter is hosen to be equal to one half the ell size of the grid. An additional note is

that the seed templates for saddles presented in this paper assume index zero saddles whih

result in separation of ow into 4 regions around the ritial point. Other types of saddles,

e.g. index of -1, may result in more than 4 ow regions around the saddle point, and would

require a di�erent type of seed template. However, they would still be based on bisetor lines.

The size (i.e. extent) of the seed template is adjustable. In pratie, we �nd that half of full size

of the seed template is suÆient beause the observed ow patterns are ideal only in the viinity of

the ritial points. This means that for soure and sink ritial points, we seed along the perimeter

of a irle entered at the ritial point. The radius of this irle is equal to half the distane of the

ritial point to the losest point on the Voronoi boundary. Figure 6 shows the template patterns

for various ritial points in two datasets. The red lines show the diretions along whih the seeds

are plaed in the saddle, enter, and spiral templates. The bold red points represent the ritial

point loations and the blue points are the atual seed loations that form the seed template. Also

note that if the size of the seed template was set to zero, then there will be no streamlines seeded

based on ow information, and the resulting streamlines will all be seeded randomly with a Poisson

disk distribution (see Setion 3.4).

3.2 Controlling streamline density

The density of streamlines is determined to a large extent by the distane between the seeds. One

we have deided on the template patterns, it is straight forward to plae seeds along these templates.

We allow the user to ontrol the density of the streamlines using a single parameter Æ

seed

whih is

the minimum distane between seeds. Seeds along the template are plaed Æ

seed

apart from eah

other. Figure 6 shows the seeds along the templates for various ritial points.
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Figure 6: Seeds plaed using templates for the various ritial points. Left: dynami vorties data

set. Right: 5 ritial points data set. These datasets are the same as those shown in Figure 2.

3.3 Terminating Streamlines

Our heuristi of seed plaement aording to templates works well to highlight the ow patterns

around all the ritial points present in the ow. If the streamline lengths are not hosen properly,

then in some regions of the ow they will ome too lose to eah other and reate distrating

lutter. We terminate a streamline when it omes a user spei�ed distane lose to an existing

streamline. Let the user de�ned minimum separating distane desired between any two streamlines

be Æ

streamline

. The streamlines are represented as ontrol points of a line strip. To hek whether

a given streamline is lose to an existing streamline we determine whether the next ontrol point

during a streamline onstrution omes loser than Æ

streamline

to any ontrol point of an already

existing streamline. If the next ontrol point of the urrent streamline is loser than Æ

streamline

to

another ontrol point of previously traed streamlines, then the urrent streamline is terminated.

To eÆiently implement this streamline proximity test, we superimpose a artesian grid over the

ow �eld. Eah ell of this grid ontains a list of pointers to sample points of streamlines that fall

in that ell. The width and height of eah ell is equal to the desired separation Æ

streamline

between

the streamlines. To hek whether a sample point on a streamline is lose to an existing streamline,

all we need to do is to �nd the ell in whih the sample point lies, and hek whether it omes

within distane Æ

streamline

of the points stored in the ell's eight neighbors. If the urrent ontrol

point is loser than Æ

streamline

from the points stored in ell's eight neighbors, then the streamline

is terminated. For this test to be valid, it is required that the distane between suessive sample

points along a streamline be loser than Æ

streamline

. We have found that in pratie a value of

0:3� Æ

seed

for Æ

streamline

works well.

During our investigation of streamline plaement, we have experimented with several other

streamline termination riteria but found the strategy to terminate a streamline based on its prox-

imity to other streamlines to work the best. We have tried terminating streamlines based on a

winding angle test to prevent lutter around a spiral or enter type of ritial point. We have also

experimented with terminating streamlines when they exit the Voronoi region from whih they

were initiated, but found that the streamlines reate distrating artifats when any are terminated
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very lose to straight edges of the Voronoi regions. Although the tests based on winding angle

and rossing of Voronoi edges work well to redue lutter, they do not generate evenly spaed

streamlines.

3.4 Random Seeds

The plaement of seeds aording to templates for various ritial points basially aptures the

loation and behavior of the most interesting features of the ow. However, the strategy outlined

above an leave \blank" spaes in our visualization where no streamlines are displayed. The ow

in these regions is almost uniform and more or less parallel to their boundary. Figure 8 shows an

example of streamlines generated using only the seed templates. The ow in these blank regions

does not ontain any additional features, hene we an a�ord to be less areful about the seed

plaement in these regions. Based on the observation that if the ow is uniform then we an plae

seeds arbitrarily as long as the streamlines do not rowd together to form distrating lusters,

we hose to distribute seeds in these blank regions using a Poisson disk distribution [4℄. Poisson

disk distribution guarantees that these random seeds will be at least Æ

poisson

distane apart, where

Æ

poisson

is hosen to be equal to Æ

seed

. Choosing Æ

poisson

to be equal to Æ

seed

ensures that all the

streamlines will be evenly distributed.

We do not atually �nd these blank regions. Instead, we de�ne a region of inuene for all

ritial points and plae random seeds aording to a Poisson disk distribution outside the region

of inuene. The region of inuene of a ritial point is de�ned as a irle around the ritial point

loation. The radius of this irle is deided based on the type of ritial point and the size of its

template seeding pattern. We hoose the radius of the irle of inuene to be a fration of the size

of the seed template. We found that the value of 0.8 works well. The yellow disks in Figure 7 show

the regions of inuene for eah ritial point.

Figure 7: Regions of inuene for eah ritial point are shown as yellow disks. The data set is the

same as the one shown in Figure 1.
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Figure 8: Streamlines generated using only the seed templates. The interesting features are ap-

tured by the streamlines but there are some blanks left that need to be �lled by adding more

streamlines.

Figure 9: These images were rendered by using seeds whose loations were generated randomly

using a Poisson disk distribution.

4 RESULTS

The �rst omparison is whether the ow-guided approah is any better than regular seeding or ran-

dom seeding. For this, we plaed seeds aording to Poisson disk distribution and traed streamlines

that were terminated using the proximity test. We found that while the strategy of plaing seeds

aording to Poisson disk distribution works better than plaing seeds on a regular grid, it still

generates streamlines that do not suÆiently apture the ow lose to ritial points (espeially

saddles). As demonstrated in Figure 9, there are both aestheti problems as well as missing ritial

ow information with random seeding strategy.

The next omparison is on how the ow-guided approah fared against the image-guided ap-

proahes. Figure 10 shows streamlines generated using our method for di�erent values of Æ

seed

and Æ

streamline

. These images show the ritial points learly at di�erent streamline densities. The

output using Turk and Banks's image-guided streamline approah is also presented side by side for
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Figure 10: Left: images produed using Turk and Banks's image-guided streamline plaement

method. Right: our ow-guided streamline seeding method. The streamlines separation is hosen

to be 1% of image width for images in the �rst row, 1.67% for the images in the seond row, and

3% for images in the third row.
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omparison. E�orts are made to bring the number of streamlines for orresponding densities as

lose as possible. The streamline separating distane Æ

streamline

was hosen to be 0:3 � Æ

seed

. The

values of Æ

seed

and Æ

streamline

whih ontrols the density of streamlines roughly orresponds to the

separating distane for Turk and Bank's method. On the top row, where the number of streamlines

is very dense, the ow-guided approah aptures the ritial points better than the image-guided

approah. This is the ase even as we derease the number of streamlines on the bottom row {

partiularly for saddles. The aestheti quality, speially the uniformity of how the streamlines are

distributed, seem to be better when using the image-guided approah as the number of streamlines

is inreased. This is attributed primarily to the e�ets of random Poisson disk streamlines. Note

however as the number of streamlines inrease, the omputation ost of the image-guided streamline

plaement inreases signi�antly.

Our observation is that streamline images generated using our ow-guided approah are om-

parable in quality to those produed using image-guided method of Turk and Banks [16℄ and the

method of Jobard and Lefer [10℄. Furthermore, our strategy guarantees that all the ritial points

present in the ow are highlighted by streamlines. Finally, the omputational ost for seed plae-

ment is less using our method, speially as the number of streamlines inrease.

5 FUTURE WORK AND SUMMARY

We have presented a tehnique for ow-guided seeding strategy that ensures overage of important

ow features, produe streamlines that are more or less uniformly spaed, and a greedy approah to

produing long streamlines. The advantage over image-guided plaement strategy is most obvious

as the number of streamlines derease. There are a number of extensions, improvements, and

appliations of this work that we are pursuing.

One of the motivations behind our researh on streamline plaement is to use as few streamlines

as possible to represent the ow suh that no important ow features are missed. Streamlines

generated by our method an be used in texture synthesis tehniques like PLIC [17℄. PLIC uses

texture mapped streamlines to generate visualizations that look like LIC images. However, due

to the regular plaement of the streamlines, the visualizations an have some distrating Moir�e

patterns. Generating streamlines using our method will eliminate the artifats from PLIC images.

Streamlines are hard to use for studying 3D ow patterns beause in three dimensions it beomes

diÆult to pereive the ow even if a moderate number of streamlines are used. The usual method

is to use a rake to trae streamlines. While the rake approah is useful beause the visualization

is not very luttered, the exploration of the ow using rakes is still quite ad ho. The ideas in this

work an be arried to three dimensions by identifying the ritial points, partitioning the ow, and

using suitable seed templates for three dimensional ritial points. We also believe that a similar

strategy to plae streamlines in 3D will pave way for extending PLIC to 3D as well.

We have also observed that saddles an be better seeded if the seeds are plaed along the

bisetors of the topology lines of the saddle. This would inrease the quality of seeding in the

viinity of the saddles. In addition, this would help deal with saddles with indies other than zero.

Sometimes the distintion between soures and attrating spirals, and sinks and repelling spirals

may beome obsure using the parameterization reported in [2℄. In this ase, additional heks are

neessary to determine whih type of seed template is most appropriate.

Multiple levels-of-details, either in a zooming in/out operation or as required by a some ren-

dering quota, an be easily supported by using seed templates with higher seed density Æ

seed

, and

smaller streamline separation distane Æ

streamline

. The idea is that only some of the seeds are traed

if the viewpoint is far away (or the average number of streamlines per unit area of the sreen is
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low). As the user zooms in for a loser inspetion, more detail of the ow are presented by traing

out the other seed points and ramping up their alpha values to minimize popping.
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