Feature Extraction from
Pioneer Venus OCPP Data

Freek Reinder$ Frits H. Post Hans J.W. Spoeldér

! Delft University of Technology
Faculty of Technical Mathematics and Informatics
PO Box 356, 2600 AJ Delft, The Netherlands

2 Free University Amsterdam
Faculty of Physics and Astronomy
De Boelelaan 1081, 1081 HV Amsterdam, The Netherlands

Abstract. Scientific visualization provides means to explore datakdgHlight inter-
esting features in the data. In this paper we will discuswitgalization of astrophysical
data. Light properties of sunlight scattered by the atmesplof Venus were measured
by the Pioneer Venus Orbiter. One of the objectives of thission was to determine the
properties of the clouds and haze in the atmosphere.

Given the amount and complexity of the data, it is importariig able to browse through
the data and select maps with interesting features. We dsitstem that reads the raw
data, prepares it and extracts cloud features. The feaktiracéon is achieved by the
following steps: selection, clustering, attribute caddidn and iconic mapping. After
data exploration a number of consecutive images with colteneving cloud features, is
found. From the center position and the time between twodsra qualitative measure
for the cloud velocities is derived. The obtained velositége well in correspondence
with generally accepted results.

Thus we have showed that visualization techniques are falteols to browse through
the data, recognize cloud features and determine the nsoticihe features in time.

Keywords. scientific visualization, feature extraction, data exatmm, astrophysical
data.

1 Introduction

On May 20th 1978 the Pioneer Venus Orbiter was launched by a Centaur launeh vehi
cle from Kennedy Space Center, Florida USA. It arrived at Venus the 4tleoéDber
1978 and was placed in orbit, where it stayed for almost twelve years. Athent7
instruments aboard was the Orbiter Cloud Photo Polarimeter, or OCPh&thement
measured the intensity and polarization of sunlight reflected by the atraspUn-
polarized sunlight is absorbed and scattered by cloud particles, the tgtandipolar-
ization characteristics of the reflected light depend on the structure ofriiwsphere.
The principal objective of the Pioneer investigation was to determinpribygerties of
the clouds and haze, including the vertical and horizontal distributidgheoparticles,
cloud particle size and refractive index. Also the variations in cloudpmology and
the nature of the cloud motions are investigated.

The 2Gb of data is organized in 4000 so-called maps that contain collecti@i3 o
spherical coordinates (the radius is assumed to be fixed) and the measurtétlieguan



of the scattered light. Considering the large amount and the compleithe data,
visualization techniques are worthwhile. We developed a system to ertiwsugh
the data, extract interesting features and visualize them. The combintiesual
inspection and automatic feature extraction is a powerful tool to egphe data. The
features extracted from the OCPP data are the cloud formations seen irnethsitin
and in the degree of polarization. For each cloud feature, a set of attrisutasulated
and the features are visualized by ellipse icons. Displaying the ellifsmscoessive
images gives us means to find coherent motion of cloud features. From thes vdlu
the center points in the attribute set and the time between two frames, wgveaa
qualitative measure for the cloud velocities. The obtained wind speed®dfied by
results from astrophysical research.

These results are obtained in various ways (Rossow et al 1980 [3], Re$st 1990

[4], Toigo et al 1994 [7] and Smith and Gierasch 1996 [6]). The obtaimdubities are
divided in a zonal and a poleward component. It is generally accepted that the mean
zonal wind speed corresponds to a solid rotation with an average equatmeid of

93 m/s and the mean meridional wind is poleward, in the order of 10 mss is
proportional to an average global circulation periodicity of 4.5 dayke Tesults are

time dependent; they change over a period of weeks and they are a functioa of
latitude. These results will be used to verify the results obtainedibynethod.

This paper is organized as follows. In section 3 we will discuss thegqutigs and
some of the preprocessing of the OCPP data. Then we explain the featttaetiorn
techniques in section 3, and in section 4 we present the results. Finabygiion 5 the
conclusions and future research topics are given.

2 ThePionear Venus OCPP Data

2.1 Datageneration

The orbiter, rotating around his axis, measured the data in scan lines #veasurface,
see Figure 1a. During every scan line one of the four different waviisr{g@70, 365,
550 and 935 nm) is measured. The surface is thus scanned by about 50 s¢anéaes
ery wavelength. One planet surface measured in this way is catheg.arhe measured
properties of the reflected light are: the intenditylegree of linear polarizatioi®| and

the direction of polarizatiory relative to the local scattering plane. Furthermore, the
positions of the scan points, the sub-solar point and the subepgwint are given in
spherical coordinates. The coordinate system is fixed in space, with thir@asaxis
pointing in the direction of the constellation Aries, i.e. it doesnodate with Venus.

wavelength 2701 365] 550 935 |
data I [P ] x
position longitude latitude
scattering properties | ug [ w 0 [ ¢— o

Table 1: Overview of the data measured by the Pioneer Venus OCPP.

In Figure 1b) a diagram of the situation is given as seen from theevibpoint of
view. In this Figure O is the sub orbiter point and S is the subrgebint. The visible
hemisphere has as its center the O point, while the illuminated hemésphelS as its
center. These two hemispheres overlap in a symmetric segment on thegpsamtztte,
bounded at one side by the day limb and at the other side by the termihatomerid-
ian which cuts it into equal halves is called gyenmetry meridian. The line through O
and S is called thintensity equator. Both are important symmetry axes [1].
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Figure 1: Diagram of Venus and the Pioneer Venus Orbiter.

With the positions of the sun and the orbiter, the local scatteringygty (Figure 2) is
determinedy is the cosine of the angle between the incoming light and the nogmal,

is the cosine of the angle between the outgoing light and the nofmesdzimuth angle

¢ — ¢q is the angle between the plane of incidence and the plane of reflection and the
phase anglé is the angle between the incoming and outgoing direction of the light.
Table 1 an overview of the data is given.
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Figure 2: Local scattering geometry.

The scattering properties and the time between two measurements are dffieezth

map. Since the polarization degree also depends on the phase angle, thendata

in | P| can be considerably different between two successive maps. Furthermore, the
intensity and polarization quantities are not always related to each other.cahses

the data to be inaccessible and hard to interpret. Therefore, it is imptrtha able to
browse through the data: select specific map numbers, wavelengths andaiatiies.
Special routines to read the raw data were written in AVS. The visualiz&ticealized

by the following steps: resampling, limb darkening correction and plissentation.

2.2 Resampling

Since the data was measured in scan lines at non-uniform intervals, itverdel as
scattered data. In order to obtain the data on a regular grid, the datamspies!. This



is achieved by a nearest-neighbour interpolation algorithm (Figurétg) area around
each grid point is divided into a number of sectors. For each sector the nemsest
data point, within a certaieearch radius, is determined. If for all sectors the nearest
neighbour is found, the interpolation will take place by distance ttiig over these
points.

* * * * *
search radius

* = measurenment point

Figure 3: Resampling the raw data to a regular grid.

A good choice for the number of sectors is three or four. The search radiysiot be

too small: this means loss of data when the distance between raw dataipdaryer.
However too large means searching in a large area, which means more computation
time, while the effects are small. The best choice for the search radiustis taaor

three times the average distance between the raw data points.

2.3 Limb darkening correction

The geometry of a spherical object reflects the light with a cettaib darkening: the
intensity is strongest in the middle and weaker near the edges. Thisiligevin the
brightness distribution at wavelength = 550nm (Figure 4). For the higher wave-
lengths (550 and 935nm) scattering by gas molecules is less significargfdtre the
influence of atmospheric properties on the intensity is small. Howthelmb darken-
ing also affects the lower wavelengths. This causes features near the lib#bltared
or even become invisible.

Day: 11 MAR 1979, Time: 14:52:39

o a0

Figure 4: The limb darkening effect: the brightness distributiomvavelengthA =
550nm.



These features are enhanced by correction for the limb darkening based on Lsmbert
law. This law holds under the assumption that the light is reflectétd @gual intensity

in all directions (perfectly diffuse reflection). This leads to the failog correction
procedure (Rossow et al [3]). First a disk integrated scaling fdgt calculated, then

the appropriate zenith angle is subtracted from the raw inte@sity

Lo = D I pon] 1)
I = I = lipon @)

Thus the corrected intensities are an indication of intrinsic briglstdesiations from
the mean brightness over the disk. They can have positive or negatives, corre-
sponding to relatively bright or dark features. This correction can bepagd on the
raw intensity data (e.g. before the resampling step). Two other camentethods
have also been implemented; however, these do not give significanty kesttilts [2].
Errors are estimated by calculating the Relative Difference Measure or RDM:

2 h — I5)?
>n()?
where! is the raw intensity field in node n ankf the correction field in node n.

The accuracy of a method is measured by calculating the RDM between the baghtn
distribution at wavelength = 550nm and the correction field.

RDM = ®3)

2.4 Data presentation

A colour presentation of the data can be given in two ways. Since the datailable
in spherical coordinates, with the radius constant, it can be presented amaRThe
range of longitude is from -180 to 180 degrees and the latitude &&sden -90 to 90
degrees. However, the data will be horizontally stretched out near ties, pwhich
also deforms feature patterns. This can be avoided by projecting the datapghere
(in Cartesian coordinates). In Figure 5 both presentations are displayedcolours

indicate the values of the scalar data. The time and date of the measuremdutvare s
in the header. The positions of the sub orbiter and sub solar poimareed by o and

* respectively, and the two symmetry axes are visualized by lines.

. Day: 11 MAR 1979, Time: 14:52:39
Day: 11 MAR 1979, Time: 14:52:39 (lat)

1734

90

1301

(a) Cartesian coordi- (b) Spherical coordinates
nates

Figure 5: Two types of data presentation, day 168,365 nm.



Thus we have created means to browse through the data, select a specific n&p, wa
length and data quantity and view it with user defined colour maps in otteegfro-
jections shown in Figure 5. The browser can be used to search significterngatr
features in the data by visual inspection. These features can than be deteategtiauto
cally and visualized as described in the next section.

3 Feature Extraction

In this section we will discuss our technique of feature extractionis Tiethod was
described earlier by van Walsum [8]. The following steps are performed:

e Selection.. . . . ) . )
The creation of selections is achieved by evaluation of a selection expressio

The expression is specified by a language that consists of many operadors an
functions (unary, binary, statistical and gradient functions). Thguage uses a
C-like syntax. With this, one can create virtually any selection that isdbas
combinations of different data values, or quantities derived from dateesabnd

on the grid node positions.

e Clustering.
In order to handle regions of selected nodes as entities it is necessarydomperf
clustering. Neighbouring selected nodes are grouped into regions basad o
connectivity criterion. Each group is labeled for reference.

e Attribute calculation. _ _ )
For each feature an attribute set is calculated in order to characterize the shape,

size, position and orientation of the feature. Integration over the selexides
leads to the volume/surface area, center point and the second moments.

¢ |conic visualization. ) _ )
The attribute set is mapped onto the parameters of a geometric object gvacon

Walsum et al [9]). The goal of iconic mapping is to visualize essential elenoén
a data set in a symbolic way. The icon must be clear, compact, meaningfit, and
should be related to the physical concepts and visual languages of an applicatio

This is a process adbstraction: a region in a data set is viewed and treated as an entity,
and is visualized at a higher level. The meaning of a selection is changedibuysigv

a selection was viewed as a set of nodes that contains interesting data, erkila h
selection relates to a feature. Therefore the term feature applies to any fegidrich

an abstract representation and visualization is worthwhile. That is whyrttess of
selection, clustering, and attribute calculation is called feature extraction

3.1 OCPP cloud features

In order to extract cloud features from the OCPP data, first a suitable seleciierion
has to be found. The selection expression works with threshold vanesthus it is
important to have a mechanism to determine a suitable value. It may tohsia
absolute value or a function of certain statistical parameters. It mustvagiant for
different maps. Finding a proper threshold is a matter of exploratidhe data by the
user. The definition of features cannot be given by universal rules, bendsmn the
underlying physics.

Generally speaking, a cloud feature is defined as a deviation from the avatage A
region with values below the surrounding is a “dark” feature and aregiith higher
values is a “light” feature. Obviously statistical parameters such as the migae o



standard deviation SSD) are useful. If the distribution of the da@aussian, two thirds
of the data values lie within one SD and 95% lies within two SD’s friti® mean.
In both cases the criterion is invariant for different maps. Here anothemdaye of

the limb darkening correction arises: the correction creates a Gaussiahudistr.
The relatively dark features have negative values and the bright featwepabsitive
values. In the expression below a selection of dark cloud features froeothected
intensity field at wavelength 365nm, label&65, is made.

ranged = (1365-avg(365))/sd(365)
threshold = 1.0
select = ranged < -threshold

The simplest way to visualize the position and the size of a selecteddaatwith an

ellipse icon. The average position of the cluster is mapped to thégoahd the second
moments determine the length and the orientation of the axes. In case2bthllipse

a minimal attribute set of five parameters is needed. The surface area, centerbin
second moments are calculated by means of integration over the selected nodes. In
Figure 6 a selection is made from intensity data with a waveleAgth 365nm. The
intensity data is corrected and the selection is made by the expressioibbddsdyove,

e.g. dark features are extracted. The selected points are marked by the snall whi
crossmarks and the ellipses visualize the cloud features.

Day: 11 MAR 1979, Time: 14:52:39

Figure 6: Iconic presentation of the selected features.

3.2 Cloud tracking

Now we have means to automatically extract features from the OCPP data.elrt@rd
find a series of maps with coherent moving features, we first make a rouggtisal
from all maps. The following two restrictions are applied: the tinedéween two suc-
cessive images must be less than 12 hours and the phase&angst be less than 80
The first restriction is based on the expected speed of motion (4.5 daytation) and
the size of the visible part. Half the planet’s surface is visible dnsl part becomes
smaller with increasing phase angle; therefore the second criterionaglied. These
two criteria reduce the number of useful maps to a small number of series.

The remaining maps are then explored for coherent features using thegoréntensity

and polarization data may show different features, so both types of datadosesl.
Correspondence between two cloud features in two frames is established manuall
based on the following criteria:

e Position.
The feature in the second frame must be at the position expected frgroghieon

and velocity (known in advance) of the feature in the first frame.



o \Volume (or surface area). _ _
The two features must have approximately the same size.

From the calculated center positions and the time interval between two frainges,
velocity of the features can be estimated.

4 Results
4.1 Cloud tracking

The series shown in Figure 7 is an example of a series with coherent gi@atures.
It covers about 28 hours and the phase angle changes betd@en 6 < 68.8. Since
the phase angle is almost constant, the threshold can be taken as an aladotut€he
selection is based on the polarization degrdd: > 3.0. In the figure six frames are
shown in which features move from right to left. In the first three feantwo features
are visible. Based on the positions and consistency we can say that tieatefte
moves out of the image and that only the right feature is still apparetitd fourth
frame. In the frame f) it also almost disappears.

Day: 7 NOU 1979, Time: 10:01:51 Day: 7 NOU 1979, Time: 14:34:42 Day: 7 NOU 1979, Time: 19:43:58

(@t=0h (b)t=45h (©t=9.7h

Day: 8 NOU 1979, Tiwe: 00:12:22 Day: @/NOU 1979,, Tikay 1030406 Day: 8 NOU 1979, Tiwe!: 14:36:17

(d)t=14.2h (e)t=24.0h (Ht=285h

Figure 7: Determination of circulation velocity by means of feature tragkilay 507-
512,|P| data,\ = 365 nm.



In Figure 8 the longitude and the latitude of the second feature ateeglas a function
of the time. In about 28.5 hours the feature has moved from longi#u@e 9 to 12.5
degrees. During this period the latitude was almost constant. Thisgrthahthe
circulation time is about 5.4 days. However in the beginning and atrtlde part of the
feature was outside the measurement area. This affects the position of theprent

and the approximation of the circulation velocity. The effects of thele may be
avoided by checking the surface area of the feature: the surface of the fiecthuedirst

and the last frame are much smaller300 degreed than the rest£750 degre€y,
which is a reason to skip them. The second is also near the border, honisa@niost

as large as the others-680 degre€q and therefore we can take it into account. The
result is a circulation time of 4.4 days. This result is very well in espondence with
the expected average of 4.5 days. This supports the conclusion tieattaeted feature

is a real moving cloud formation.
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Figure 8: Movement of the center point of the feature.

5 Conclusions and Future Research

The data measured by the Pioneer OCPP experiment consists of a large, cdatalex
set. The scattering geometries and the time between two measurements diffeegp
This causes the data to be very inaccessible and hard to interpret. Theté$ora-i
portant to be able to browse through the data and select maps with tintgriesitures.
We built a system that reads the raw data, prepares it and extracts clouc$eainir
tomatically. The correction of the intensity data for the limb darkgrgives a good
tenhancement of features. A better distinction can be made between dark and light fea-
ures.

Features are tracked by performing the feature extraction on consecutivesngw-
ever it takes some data exploration to find a suitable series of imagesalierent
moving features. The center positions of these features are used to apat®the
velocity. Features near the border might influence the velocity, but tfi@ceuarea can
be used as an indication to include them or not. Tracking the large scakbfelatures

in the Pioneer Venus OCPP data results in a circulation time of 4.4 dayis.isTim
correspondence with the average 4.5 days rotation found by Rossowsat al [

We believe that these results justify the development of an algofithautomatic fea-
ture tracking based on calculated attribute sets. The attribute set $tadithe proper



information in order to determine feature translation, rotation andrggaln addition,
the algorithm should be able to recognize the events like: contimyatieation, dissi-
pation, bifurcation and amalgamation [5]. In order to recognize theses\®number
of test criteria for the attributes can be implemented.

Ellipses do not always give a good impression of size and positianm.irfStance a
long curved feature is not properly visualized by an ellipse. In ordergoalize such
features, icons must be used which also account for the shape of the feateraa®
to generate shape attributes, is the determination of the medial axes etioskerhis
may be achieved by morphological operations on a cluster of selected nodes.
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