
Testing the Reliability of PN Stru
turesDete
ted by the Wavelet Te
hniqueM.L. Leal Ferreira1, C.R. Rabaça1, F.C. Cuisinier1 and D.N. Epitá
io Pereira2

1 Observatório do Valongo/UFRJ � Rio de Janeiro (Brazil) ferreira�ov.ufrj.br,raba
a�ov.ufrj.br, fran
ois�ov.ufrj.br
2 Observatório Na
ional � Rio de Janeiro (Brazil) dnep�on.brSummary. One of the advantages of the appli
ation of the wavelet te
hnique toplanetary nebulae (PNe) is the possibility to extra
t the noise from the imagesusing thresholds based on the spatial frequen
ies of the identi�ed stru
tures. Thedete
tion of new stru
tures in the nebulae not previously mentioned in the literaturehas made us wonder about the reliability and the e�
ien
y limit of the te
hnique.Are these dete
tions false, arti�
ially 
reated, or in fa
t real? This work presents theresults of four tests performed on HST images of NGC7009 taken with a range ofsignal-to-noise ratios, and support the idea that the stru
tures found are real andthe te
hnique very reliable.Key words: planetary nebula, wavelet, NGC70091 The MethodWe have used the OV_WAV pa
kage, developed at the Observatório do Val-ongo/UFRJ, whi
h implements the �à trous� (with holes) wavelet te
hnique (Shensa1992), and an adaptation of the multis
ale vision model proposed by Bijaoui & Rue(1995). With the appli
ation of this te
hnique to an astronomi
al image, we de-
ompose it on several new images of the same size as the original one, 
ontainingonly wavelet 
oe�
ients plus a residual image. Ea
h one of the new wavelet 
oef-�
ient images 
an be identi�ed with a plane in whi
h only stru
tures of a single
hara
teristi
 s
ale size 
an be seen. The algorithm does not employ an orthogonalbasis and be
ause of that, it generates redundant information. Redundan
y is veryimportant to this problem sin
e we deal with weak signals, but requires the use ofsome modeling for the re
onstru
tion of the sour
e of the signal. A

ording to theadopted model, a single obje
t3 derives from a �nite set of stru
tures (de�ned fromthresholds established at the di�erent planes) linked hierar
hi
ally from smallest tolargest size solely on the basis of its position on the image. The plane in whi
h we�nd the stru
ture with the highest �ux in the set de�nes the obje
t 
hara
teristi

3 An obje
t is identi�ed as an emission region of the nebulae or a ba
k/foregroundobje
t.
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tures up to that s
ale are used to solve the inverse problem of re-
overing the a
tual brightness distribution and the �ux of the obje
t. The identi�edand modeled (re
onstru
ted) obje
ts are then subtra
ted from the original image. Ifthe residual image still presents some signal asso
iated to the PN, the whole pro
e-dure is reapplied to it. The 
y
le 
an be repeated as many times as we want and areneeded in order to obtain a �nal residual image without any sour
es of identi�ablesignal.2 Data Pro
essingThe NGC7009 images used were taken with the F502N (5007 Å) �lter in theWFPC-2HST 
amera. Three independent images were used in this work: one with exposuretime of 40 se
, and two with 160 se
. A fourth image was generated by addingup the two 160 se
 images, resulting in a 320 se
 image. They are presented inFig. 1a (after some pro
essing). Data pro
essing (bad mask 
orre
tion, 
osmi
 raysubtra
tion and mosai
) has been done with IRAF. Finally, all images were set tothe same orientation in the sky. This last step was performed only after the waveletmodeling.

Fig. 1. NGC7009 imagery: (a) HST dire
t images and (b) wavelet models are shownin a logarithmi
 s
ale; (
) residuals shown in a linear s
ale
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hnique 2193 Models and ResidualsThe wavelet models (Fig. 1b) were obtained using 10 s
ale sizes, and three modeling
y
les. Note that the removal of the noise allows the PN halo to be seen. The �nalresidual images (model − data) (Fig. 1
) have noise levels that are in agreementwith the Poisson noise present in the original HST signal; it is possible though thatsome very low surfa
e brightness stru
tures are still present on them.4 Results4.1 First Test: Comparison between Model Images with SameExposure TimesThe two 160 se
 models should not present di�erent stru
tures if the modeling is reli-able. In the analysis, we subtra
ted one model from the other and found no eviden
eof di�erent morphologi
al stru
tures (Fig. 2a). This di�eren
e is very similar to thedi�eren
e between the original HST images as well (Fig2b). Note that the largestvalues in both di�eren
es are equivalent and have the same intensity levels seenin residual160_1 and residual160_2, what suggest that the di�eren
es are mostlydue to noise. Both models also present a very similar number of dete
ted obje
ts(223 and 249 obje
ts for model160_1 and model160_2, respe
tively), 
on�rmingthe hypothesis a reliable modeling.4.2 Se
ond Test: Comparison between Model Images withDi�erent Exposure TimesThe morphologi
al stru
tures identi�ed in the 40 se
 and in the 320 se
 modelsshould be equivalent and 
hara
terize very well the PN. Small di�eren
es may o

uras 
onsequen
e of their di�erent signal-to-noise ratios (SNR). Subtra
ting model320from eight times model40, we got no eviden
e of di�erent morphologi
al stru
tures(Fig.2
). The highest values were lo
ated in the 
entral region of the PN; this isexpe
ted be
ause the peak intensities and �u
tuations are lo
ated in this region. Thedi�eren
e between models shows the same levels as the di�eren
e between the twoHST images (Fig. 2d) and agrees with the levels seen in residual40 and residual320as well. The di�erent number of identi�ed obje
ts in ea
h model (695 and 211 obje
tsfor model40 and model320, respe
tively) led us to the third test.4.3 Third Test: Determination of the Reliability of the Identi�edStru
tures through a Signal-to-Noise Ratio Cuto�The reje
tion of the identi�ed obje
ts with lowest SNR should only remove low
on�den
e level obje
ts from the models. Based on that, we have removed frommodel40 all obje
ts with SNR ≤ 3 and s
ale sizes of 21 pixels, with SNR ≤ 2 ands
ale sizes 22 pixels, and with SNR ≤ 1 for all larger s
ale sizes. For model320, weadopted a 
uto� at SNR = 1 for all s
ale sizes. The number of obje
ts that survivedthe 
uto�s are 340 and 205, respe
tively, for model40 and model320. In Fig. 3, we
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Fig. 2. Di�eren
e images: (a) between the 160 se
 models, b) between the HST 160se
 images, 
) between the 320 se
 and 40 se
 models, and d) between the 320 se
and 40 se
 HST imagespresent the distribution of (x,y) 
oordinates for the 
enter of (a) all obje
ts identi�edin both models, and (b) obje
ts that survived the SNR 
uto�s only. Note that inmodel40 many obje
ts lo
ated over the PC quadrant were eliminated. These obje
tsshould not be real; in fa
t they are mostly due to noise. On the other hand, inmodel320 only 6 obje
ts were eliminated. In Fig. 3
 we present the image of the PNre
onstru
ted from model40 with the surviving obje
ts only.
Fig. 3. Distributions of obje
t 
enters for (a) all the obje
ts identi�ed in model40and model320, and (b) obje
ts that survive the SNR 
uto�s only. (
) Image of thePN re
onstru
ted from model40 with the surviving obje
ts only4.4 Fourth Test: Appli
ation of the Wavelet Te
hnique to a HaloSubtra
ted ImageSin
e an obje
t is re
onstru
ted from a �nite number of wavelet s
ales, we wantedto test whether the extended halo 
ould be the result of a bad modeling of the innerbright part of the nebula. Therefore, we 
reated a new image from model320 inwhi
h the obje
ts asso
iated to the extended halo were 
ompletely removed (Fig.4a). We then added residual320 to this image, in order to insert the original noise.Finally, we applied the wavelet te
hnique to the resulting image. Both the waveletmodel (Fig. 4b) and the residual image (Fig. 4
) do not show any indi
ation of anextended stru
ture. Therefore, the te
hnique is not responsible for produ
ing thedete
ted halo.
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Fig. 4. (a) The new data 
reated from the halo subtra
ted model320 plus resid-ual320, (b) the 
orresponding wavelet model, and (
) the �nal residual image5 Con
lusionsDenoising and re
onstru
tion of PNe images with the wavelet te
hnique were foundto be very reliable. Our tests on HST images of NGC7009 showed that the mainstru
tures dete
ted are 
oherent among the di�erent wavelet models produ
ed, andthe residuals between original images and wavelet models reveal no signi�
ant stru
-tures. We have also 
on�rmed that the te
hnique is not able to 
reate extended arti-�
ial halos. Our 
on�den
e in the dete
ted obje
ts 
an be enhan
ed if we establish a
uto� limit based on the SNR. Low SNR obje
ts in general have small sizes and low�uxes. The SNR 
uto� is able to reje
t spurious obje
ts while keeping the overallstru
ture of the PN unaltered.Referen
es1. A. Bijaoui, F. Rue: Signal Pro
essing 45, 345�362 (1995)2. M.J. Shensa: IEEE Transa
tions on Signal Pro
essing 40, pp 2464�2482 (1992)


