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ABSTRACT

A method for the optimisation of 3-D grey-scale soft
morphological filters using genetic algorithms is described,
which has applications in the restoration of archive film ma-
terial. This method extends an existing 2-D (spatial) to the
3-D (spatio-temporal) domain, thus allows the filtering to
make use of the temporal nature of the corruption and hence
improve its performance.

1. INTRODUCTION

Interest has, in recent years, been increasing in the area of
archive film restoration. This can no doubt be attributed to
the emergence of digital television broadcasting and the in-
crease in video sales. To meet this demand, it is becoming
increasingly attractive to make archive material available to
this market. Unfortunately, much archive material has been
corrupted in some way and, prior to resale or broadcast,Figure 1: Region extracted from image sequence corrupted
it is necessary for the material to undergo some form of ith film dirt

restoration. Here, we describe a method for the optimisation

of multi-dimensaional grey-scale soft morphological filters,

with respect to specific objective image quality criteria, and 3. SOFT MORPHOLOGICAL FILTERS

their application in archive film restoration. Specifically, we
address the problem known fisn dirt.

Limitations to space preclude a comprehensive description
of soft morphological filters. For this the interested reader
is referred to [1, 2, 3, 4]. We restrict ourselves to a brief
overview.

Soft morphological filters are &cently intoduced class
of non-linear filters [1, 2]. Their original definition was re-
Film dirt is a common problem in archive film restoration |ated to the class of (standard/structural) morphological fil-
and will be familiar to anyone who has been to the cinema ters (discrete flat morphological filters), but they have since
or viewed old film footage. Film dirt occurs when particles been extended to the grey-sca|e (function processing) case
get caught in the film transport mechanism and damage thg3]. The idea behind these filters is to relax the standard
film, causing loss of information. This damage manifests definitions of morphological filters so as to achieve robust-
as “blotches” of random size, shape and intensity. Theseness whilst still retaining most of the desirable properties of
blotches are non-time correlated (temporally impulsive).  standard morphological filters. Whereas standard morpho-

Figure 1 shows an example of a region extracted from logical operations are based on local maximum and mini-
an image sequences which have been corrupted with filmmum operations, with soft morphology these operations are
dirt. replaced by more general weighted order statistics. In this

2. THE FILM DIRT PROBLEM



way, the operations behave less rigidly in noisy conditions code, therefore, would be one which includes a unique rep-
and they are more tolerant to small variations in the shapesresentation for those “null” positions.
of the objects in the filtered image. Each ofthese binary strings, representing an integer value
for each pogion within the structuring function’s support,
can then be mapped to their appropriate positionsin a string
which can then be incorporated into a chromosome.

The overall structuring function is divided into two dis-
In [4, 5] a method was described for the optimisation of tinct regions: the hard centre and the soﬁ b'ounglar'y. There-
(2-Dispatial) grey-scale soft morphological filters which is foreé there has to be some method of distinguishing these
able to optimise the structuring system, together with the WO regions incorporated into the coding scheme.
choice of soft morphological operation. In [6] this GA op- ~ Hard Centre A binary string, whose length is equal
timisation technique was applied to the restoration of film to the cardinality of the structuring function’s overall sup-
material. Obviously, filtering techniques based purely in the Port “envelope”, is used to flag those positions within the
spatial domain do not make use of the available temporalStructuring function’s support which are in the hard centre.
information available. The temporal characteristics of the Positionsin this string containing a one are positions which
corruptionin image sequences containing film dirt (i.e. non- are in the hard centre. After forming each new individual,
time correlated, temporally impulsive) provides information these hard centre flags are checked against the structuring
which may be useful in the restoration process. In this pa- function portion of the chromosome. If any of the positions
per the 2-D (spatial) method of film dirt removal is extended Within the structuring function portion of the chromosome
to the 3-D (spatio-temporal) case in order to make use of@reé coded as being outside its support, i.e. “null” positions,

this valuable temporal information and hence improve the then a check is made to ensure that the corresponding posi-
restoration performance. tion within the hard centre flag string has a zero.

Soft Boundary Any positions coded as being within
the overall structuring function’s support (i.e. not coded as
a null position) and which do not have a one in the corre-
In the search for the optimal soft morphological filter the sponding hard centre flag portion of the chromosome are
following parameters have to be taken into consideration: considered to be in the soft boundary.

4. OPTIMISATION OF SOFT MORPHOLOGICAL
FILTERS

4.1. Soft Morphological Filter Parameters

e Size and shape of structuring system’s hard centre 4.1.2. Repetition Parameter
» Size and shape of structuring system's soft boundary grom the definition of soft morphological operations, we
know that for a structuring functioi,having a supporB,
the repetition parameter, must lie in the rangé < r <
e Choice of soft morphological operations |B|. To put it another way, the repetition parameter is re-
lated to the cardinality of the structuring function. Thus, in
We now describe the methods by which these param-order to code the repetition parameter we can have a binary
eters are incorporated into a genetic algorithm optimisa- String, the length of which is equal to the overall size of the

a “chromosome”. port). This binary string is then used to flag whether a po-

sition within the structuring function’s support contributes
to the repetition parameter - a one signifying that it does.
To ensure consistency, after forming each new individual, a
The outer limits to the dimensions of the overall structuring check has to be made that those positions flagged as con-
function are pre-set (i.e. the spatial, temporal and grey-scalefibuting to the repetition parameter are only those positions
dimensions). The optimisation process is then allowed to c0ded as being within the structuring function’s support. In
search for any size and shape of structuring function within this way the binary string can only code values lying within
this overall “envelope”. If the overall dimensions of the the allowable range.

structuring function are fixed, it may be that, for a partic-

ular'structuring function, not all positions wi.th.in this region 4.1.3. Choice and Sequence of Soft Morphological Op-
are in the actual support. In order to take this istoount in erations.

the GA optimisation, positions outside the structuring func-

tion’s support, but within the overall search envelope, i.e. When considering the soft morphological operations in the
don’t carepositions, have to be distinguishable. A suitable context of soft morphological filter optimisation, the search

¢ Repetition parameter

4.1.1. Overall Structuring Function.



space within which the GA will operate has to be consid- structuring function, hard centre flags, sequence of soft mor-
ered. Here we will limit the search to the set of fundamental phological operations and repetition parameter.

(primary), secondary and tertiary soft morphological oper- The size of the search space is therefore fixed. The over-
ations, i.e. to the set which includ¢soft erosion, soft di-  all dimensions of the structuring functions - the maximum
lation, soft opening, soft closing, soft open-closing and soft size of its support (and hence the support of the hard cen-
close-opening. Each member of this set can be defined tre and soft boundary and the range of possible repetition
as some combination of the fundamental soft morphologi- parameters), the maximum grey-level values and the maxi-
cal operations. Therefore, for a coding scheme to be able tanum length of soft morphological operations, together with
encode this set of soft morphological operations, there arethe choice of soft morphological operations are all set be-
two basic decisions to be made; forehand. The GA will be capable of searching for any 3-D

o . grey-level soft morphological filter which is a combination
e The set of individual soft morphological operators from ¢ oy operations from the sdsoft erode, soft dilate, do-

which to choose. nothing}, which will use a structuring function (hard centre
e The maximum number of soft morphological opera- and soft boundary) and repetition parameter chosen from all
tions in the sequence. the possible variations within the overall region of support

and maximum grey-level value. This search space encom-

So, to be able to code the primary, secondary and ter-passes (3-D) spatio-temporal, 2-D (purely spatial) and 1-
tiary soft morphological operations, thegessary setof soft D (purely temporal) soft morphological filters. In addition,
morphological operators issoft dilation, soft erosiohand the class of soft morphological filters encompasses several
the sequence length required is four, i.e. the longest se-other classes of non-linear filters including standard mor-
guence of operations will be for the tertiary operations of phological filters and rank-order filters.
soft open-closing and soft close-opening, which can be de-
fined in terms of the fundamental (primary) operations as a4.2. Fitness Function
sequence of four separate primary operations.

In order that the GA should be able to perform optimi- In order to provide each individual, representing a particu-
sation over the entire search space, itis necessary to inclugr set of filter parameters with a fitness value, it is neces-
the do-nothing or identity operation. This is because the Sary to have some method of ascertaining the filter's perfor-
length of the sequence of soft morphological operations is Mance, with respect to some criterion. Criteria commonly
fixed in the genetic algorithm, but it is desirable to include Used inimage processing optimisation problems usually in-
in the search space all the combinations of soft morphologi- Volve some comparison of the filtered image with an “ideal”
cal operations from the simple soft erosion and soft dilation, 'Mage. _ _ o _
through the soft close and soft open filters, to the soft open- ~ Generally, in the case of film restoration, it is not possi-
close and soft close-open filters. Each member of the set ofle to perform a comparison with an ideal image sequence,
soft morphological operations to be considered in the GA aS such a thing does not exist. After all, if a non-corrupted
optimisation can be coded as a bit string and these stringsversion of the film exists, why bother trying to restore a cor-
can then be mapped to appropriate positions in a chromo-rupted version?
some. One method of addressing this problemis as follows. In

It is necessary to ensure that each possible sequence dnost image sequences it is generally possible to find areas
operations is unique, i.e. so that no combinations of oper-©f the image which are uncorrupted. It is then possible to
ations in a sequences can be coded in more than one wayartificially corrupt this ideal image with particles of film
since some combinations of filter sequences are equivalentdirt extracted from other similar, but corrupted, regions in
e.g. soft erode, soft dilate, do-nothing, do-nothiaigd do- the image sequence. In this way it is possible to produce the
nothing, soft erode, do-nothing, soft dilatehis is accom- ~ Necessaryraining setwhich will allow the evaluation of a
plished by, after forming each new individual, checking the fitness value based on some measure of MAE.
sequence of operations portion of the chromosome and en-  Figure 2 shows a series of uncorrupted regions extracted

suring that any do-nothing/identity operations are moved to rom an image sequence and Fig. 3 shows the same se-
the end of the sequence. guence after having been artificially corrupted with film dirt.

Having a training set, (i.e. an ideal and corrupted ver-
sion of the same image image sequence) enables the fitness
value of an individual (i.e. a particular set of filter parame-
ters) to be based on a comparison of the filtered image se-
guence (having been filtered with a filter having the param-
To form the complete chromosome, it is simply a matter of eters represented by the individual) with the ideal image se-
concatenating the individual strings containing the encodedquence. The fithess of an individual is therefore determined

4.1.4. Combiningthe coded structuring function’s hard
centre and soft boundary, sequence of soft morphologi-
cal operations and repetition parameter.



So, to put this in words, the “interim” fithess for an im-
age in the sequence is a measure of how far away the filtered
image is from the worse case (and hence how close it is to
the ideal). The fitness value for an individual is then the
average of all these interim fithess values over the whole
image sequence, expressed as a percentage. A filter capable
of perfectlyrestoring an image sequence would then have a
fitness value of 100.

5. APPLYING THE GA OPTIMISATION PROCESS
TO REAL IMAGE SEQUENCES

The GA, as described above, was run for a fixed number of
generations, using the training sequence as shown in Figs. 2
and 3. Fig. 4 shows the maximum fitness at each generation
during the GAs run. The best filter found is shown in Fig.
5. This filter was then applied to an entire image sequence.

Figure 2: Uncorrupted regions extracted from image se-
quence
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Figure 3: Atrtificially corrupted regions extracted from im- 9.4
age sequence w0
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Let M AE ., be the maximum possible MAE for an
image (for 8-bit grey-scale imagés$ A F,,, ., would be 255).

Let N be the number of images in the training sequence.

Figure 4: Maximum fitness in each generation

Let mae; by the MAE for thei*” image in the filtered, cor- Figure 6 shows the same image region shown in Fig. 1

rupted sequence with respect to the image in the ideal ~ €xtracted from the image sequence after having been filtered

sequence. Lefit; be the “interim” fitness value for th&” with the soft morphological filter found using the GA, as

image in the sequence ajfidtness; be the overall fitness of ~ described.

the individual;. It can be seen that the filter has done an excellent job
. in attenuating the corruption whilst still retaining theces-

fitness; =0 sary fine details within the image.

fori=1toN {

6. CONCLUSIONS
fiti = (1 = (mae; | MAE4z))
A method has been described for the optimisation of grey-
fitness; = (fitness; + fit;) scale soft morphological filters for application in the spe-
cific area of film-dirt removal from archive film material.
} The technique is capable of finding grey-scale soft morpho-
logical filters which have excellent performance in the re-
fitness; = (100 x (fitness; / N)) moval of film-dirt corruption, whilst retaining the necessary



Hard Centre Soft Boundary

* * * * * * 2 6 2 *
* * * * * * * 2 * *
* * * * * * * * * *
* * * * * * * 2 * *
* * * * * * 2 6 2 *
* * * * *

* * * * * * 2 6 2 *
* * * * * * * 2 * *
* * * * * * * * * *
* * * * * * * 2 * *
* * * * * * 2 6 2 *

Repetition Parameter = 39

Filter Sequence: Soft Dilation -- Soft Erosion (i.e. Soft Closing) 4]
Figure 5: Best filter found using GA

fine details within the original images. Examples of apply-
ing the technique to real, corrupted image sequences havés]
been shown.
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