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Abstract: In this papernew fast algorithmsfor erosion, dilation, propagationand skeletonizationare presented.
The key principle of the algorithms is to process object contours. A quémplismentedto store the contoursin

each iterationfor the next iteration. The contourscan be passedfrom one operationto anotheras well. Contour
filling and object labelling become available by minor modifications of the basic operationsimiéheomplexity
of the algorithms is linear with the number of contour elements to be proc&$sedlgorithms prove to be faster

than any other known algorithms..
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1. Introduction

Binary neighbourhood operations are bagperations
in image processing.Their simple description has
long allowed special purpose hardware to be
constructedIn those situationswhere such hardware
is not available, one has to restrict oneself to
algorithms suited for general purposecomputers.On
general purpose computers a straightforward
implementation of the binary neighbourhood
operations performs poorly, performance being
measuredas the total required processingtime to
transform an input image into an output image.

Erosion, dilation, propagation  and
skeletonizationare often iterated several times or
even as many times as required to achieve
stabilization. We propose a method in which othy
interestingpixels are processedThis is achievedby
keepinga simple administrationin each iteration to
aid the next iteration.

We know of threeother casesin the literature
which deal with fast binary neighbourhood
operationsWe will comparethe performanceof our
algorithms with the results of Young et al. (1981),
and Groen& Foster(1984). Groen& Foster(1984)
useda table-lookupapproachin combinationwith a
region of interest per line. They sorted pointers in
orderto processconnectedruns of pixels. Young et
al. (1981) used aun-lengthrepresentatiorof images
to achieve among others binary neighbourhood
operations (erosion, dilation, propagation, medial

axis transform). However, their mediakis transform
is so boundedy the run-lengthrepresentatiorthat a
comparison with the traditional Hilditch-skeleton
(1969) is uncalled for.

We were not able to compare our results
directly with the results of Piper (1985), who
proposed a skeletonization method for an
environment based on interval coding, but we i
to indicate how his results relate to ours.

For completenessve will give the processing
times achieved by straightforward implementations
of the operations as well.

by | by | by
by | bg | bo

bs [ bs | by
Figure 1. 3x3 neighbourhood

2. Description of operations

We will briefly recapitulate the definitions of
erosion, dilation, propagation and skeletonization.
We will follow the notation of Groen & Foster
(1984).

The operationdreatedin this paperare based
on 3x3-neighbourhoods. Erosion, dilation and
propagationwork with neighbourhoodgfigure 1) in
the image before a particular iteration started. We
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will refer to these neighbourhoodsas non-recursive
(figure 2a). Skeletonizationas proposedby Hilditch
(1969) uses non-recursive, recursive and partially
recursiveneighbourhoodsRecursive neigbhoorhoods
are neighbourhoods in the image which the values
calculated are updated immediately; partially
recursive neighbourhoods consistsgvenneighbours
taken from a non-recursiveneighbourhoodand one
neighbour taken from a recursive neighbourhood
(figure 2c, 2d, 2e, 2f).

For a 3*3-neighbourhood Groen & Foster
define the number of 4-connected neighbo®s

o, = Z by

k=0,2,4,6

the number of 8-connected neighbodrs

‘DBZZW

k=0L ,7
and the Hilditch crossing numbe#, (1969):
Yh = hy
k=1,2,34

whereb, denotes the binarpixel value at position k
(figure 1) in a the neighbourhood(figure 2) and
whereh, = 1 if (by, = 0) and (by, = 1 orb, = 1)
elseh, = 0.

We assignobject pixels the value one and
backgroundpixels the value zero. Below we have
listed the conditions,which, if true, causea change
in the value of the central pixé}.

N |N RIR|R
R
a b
N|N|N N|R|N N|N|N N N |N
N
N
c d e f

Figure 2. (a) non-recursiveneighbourhood,(b) recursive
neighbourhood,(c-f) partially recursive neighbourhoods.
Letter N denotesa pixel from the non-recursiveimage.
Letter Rdenotes a pixefrom the recursive image.

Erosion
In each iteration those object pixels are removed,
which were connectedto at least one background

pixel in the preceding iteration. Therosiontherefore
works with non-recursive neighbourhoods.
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4-connectedby - 0 if (bg =1 and®, < 4),
8-connectedby; - 0 if (bg =1 and®, < 8).
Dilation

In each iteratiorthose pixels are added,which were
connected to at least one object pixel in the
preceding iteration. Again, only non-recursive
neighbourhoods are used.

4-connectedb; - 1 if (bg =0 and®, > 0),
8-connectedby; — 1 if (bg =0 and®,; > 0).

Propagation
Each iteration propagationconsistsof one iteration
dilation of the input image (often called seed)

followed by a logical AND with a mask image.

4-connected:

by - 1 if (bg =0 andmg =1 and®, > 0),

b - 0 if (bg =1 andmg = 0);
8-connected:

by - 1 if (bg =0 andmg = 1 andd, > 0),

b - 0 if (bg =1 andmg; = 0).

mg denotes the valuef the pixel in the maskimage
which correspondgo the central pixel in the input
image.

Hilditch skeletonization

Hilditch has developeda skeletonizationmethod in
which non-recursive, recursive and partiatBcursive
neighbourhoods  are used. Non-recursive
neighbourhoods are used to avoid remova¢iod and
break pixels; recursive neighbourhoodsto avoid
removal of single pixels and two pixel thick lines;
partially recursive neighbourhoods to avoid erosoén
two pixel thick lines from the end. Which partial
recursive neighbourhoodshave to be tested is
dependent on the scan direction (see section 4).

Hilditch defined a crossing number (_h) to
representthe topology. If and only if the crossing
numberequalsone, may a pixel be removed.If the
crossingnumber exceedsone, a pixel is a link- or
vertex pixel. If the crossingnumberequalszero, the
pixel is eithera single pixel or lies in the middle of
an object.

by - 0 if(bg=1and®;# 1 andy, = 1).
Anchor Skeletonization
The anchor skeleton (Verbeeind Duin (1979)) is a

variant ofthe skeletonin which some pixels are per
definition skeletonpixels. Thesepixels are specified
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in a separateimage, called anchor image. The
anchor skeleton is useful to connetitferent parts of
a scene.E.g. when skeletonizinga greyvalueimage
greylevel after greylevel, the skeleton pixels in an
upperlevel are 'anchored’in a lower level. Or when
skeletonizing layers of printed circuit boards,
connection points are anchored.

If a; denotesthe value of the pixel in the anchor
image, whichcorrespondgo the central pixel in the

input image, then the condition for change becomes:

by - 0 if(bg=1and®;# 1andag =0 and
Yh = 1).

Note that the anchor skeleton reduteghe ordinary
skeleton if the anchoimage is left empty. Therefore

we have only implemented anchor skeletonization.

3. Principles of approach

Traditionally, binary neighbourhoodoperationshave
been implementedas table lookups. Each pixel is

treated alike. We propose to take advantage of

specific propertiesof operationsto gain processing
time. To processas less pixels as possible and to

keep the calculationsas simple as possible are the

principles of our approach.

The operationsdescribedin the introductory
remarks have in common the existence a&gion of
interestwhich consist of pixels on or connectedto
object contours. We proposeto use a queue to
addressthesepixels. In the initializing phaseof the
operations pointers to contour pixels are queued.
During the iterations pixels which pop from the end
of the queueare processedand the neighboursto be
processed in the next iteration are pusheth&front
of the queue.

A queueis most easily implemented as an
array with two pointersto denotethe ‘front' and the
‘end’ of the queue. The pointers are incremented
modulo the size of the array eachtime a pointer is
read at the 'front' or written at the ‘end'; shifting
inside the queue is not necessary.

Figure 3. Pathological image pattern in which"8(¥
the total number of pixels belong to the contour.
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Robustnesshowever demandsa queue-lengthof at
least 8/9th of the size of the image to be processed
to be able to storethe maximum numberof contour
pixels which can occurin an image (see figure 3).
Taking into accountthe fact that each pixel only
needs to be queued ontwr the operationsinvolved,
moderate extra memory costs will simplify the
administration to darge extent: if one increasesthe
gueuesize to the size of the image to be processed
the modulo requirementvanishes.We have adopted
this approach for the algorithms presentedha next
section.

If memory allocation should pose problemsit
is possibleto stick to the ‘'modulo’ approach.The
gueuesize then has to be determinedheuristically.
Apart from pathologicalcasesa queuesize of about
20% of the size of the image is sufficient.

The second principle, t&eep the calculations
as simple as possible,is a derivative of the first. At
the point where only contour pixels apeocessedhe
needfor calculationscan vanish. For example, if a
contour pixel is removedin an erosion, all object
neighboursare subjectto removal the next iteration
and any calculation in the next iteration would be
redundant. Only the skeleton requires additional
computations, induced by the needhold break and
end pixels.

From hereon we will speak of 'queueing a
pixel' rather than the more precise 'queueing a
pointer to a pixel'.

4. Algorithms
Introduction

The algorithms start with a call @ routine in which
all contour pixels are queued.The skeletonusesa
special routine becaussandidatepixels for removal
may not be sein the anchorimage. After the queue
initialization, the operationsproceedalong different
but comparablepaths. Either the neighboursof the
gueue pixelsare processedand queuedor the pixels
on the queue are processedthemselvesand their
neighbours are queued. Most often ffret methodis
used to prevent pixels from being queued twice
without having to use labels. In the case of
skeletonizationthe secondmethod is more natural
becausethe recursive and the non-recursiveimage
must be available.

Connectivity
In binary neighbourhoodoperations connectivity is

crucial. Pecht (1985) has shown that the shape of
structuring elements can induce redundancy aftex
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or more iterations. For the 8-connectederosion and
dilation only diagonal neighbours have to be
considered after thérst iteration. In the propagation
redundancyis not presentbecauseof the constraints
introduced by the mask image. Skeletonization
erodesobjects 4-connectedand in the 4-connected
case naturally only the horizontal and vertical
neighbours have to be processed.

Queue initialization

The queue is initialized bfilling it with the contour
pixels of the objects in thanage.A contourpixel is
an object pixel which is connectedto at least one
background pixel.

We have implemented and compared two
methods.It provedto be fasterto check only object
pixels in the detection of the contour if the 8-
connected contour is desired or if less than fifty
percent ofthe image is object. Otherwiseit is faster
to check all pixels with a scan method as proposed
by Groen & Foster (1984).

The processingtime of the scan method is
image independent, whilthe processingtime of the
object-oriented method is image dependent. $ban
method is implemented by table-lookup.The table-
entry is composedof the 3*3 neighbourhoodThree
neighboursin the scan-directionare read for each
pixel. In the entry of the previous pixel the upper
three bits are stripped off, the result is shifted up
three bits and the new values are added. In the
detection of the 8-connected contour w§ehe scan-
code is not advantageous.

Erosion

Our erosion starts with a call to the initialization
procedure.n the first iteration all queuedpixels are
removed (i.e. the value of thgxels is changedfrom
one to zero). In the next iterations the object
neighboursof the pixels on the queue are removed
and queued.Because of the sequential procedure
each pixel will only be queuedonce. During the
iterations queued pixels are countedoirderto know
how many pixels must be popped in the next
iterations (the numberof queuedpixels is implicitly
derived at the end of each iteration by taking the
difference of the pointers to the ‘front' and the 'aid’
the queue.)

For the 4-connected erosion therizontal and
vertical neighbours are taken into account andtler
8-connectederosion the diagonal neighbours (see
remarksin the section on connectivity). To prevent
propagationoutside the image, we have chosento
remove the edge of the image beforehand. Ifetge
is removed after calling the
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initialization routine, objects will nobe erodedfrom
the edgesof the image; if it is called before, the
objects are eroded from the edges as well.

A pseudocode of the algorithm can be found
in the appendix.

Dilation

The dilation also startwith a call to the initializing
procedure.Contour pixels which are 4-connectedto
the backgroundare queued,independenf the type
of connectivity of the operation because all

background pixels can be reached from these pixels.

In the first iteration all backgroundpixels, 4-
or 8-connected to the queued pixels dependerthen
connectivity of the operation, are added (thaue is
changedfrom zero to one) and queued.Again each
pixel will only be queued once.

The next iterations are identical to the first
apart from the fact that th&-connecteddilation only
accesses the diagonal neighbours as described
previously.

A pseudo code ofhe dilation can be found in
the appendix.

Propagation

The propagation is the sanaes the dilation with one
extra check. In the initialization seedcontour pixels
are queuedafter which the seedimage is initialized
with the logical AND between the seed and thask
image. In theiterations addedneighbourshave to be
set in the mask image.

The propagation is often used to remove
objects connectedto the edgesof an image. This is
easily achievedin our algorithm by adding to the
initialization a processing of the edges.

Hilditch skeleton

The most complex binarpeighbourhoodperationis
skeletonization. A skeleton algorithm which treats
the objects contour by contour and which uses
recursivity to its advantage is the Hilditch skeleton.
Hilditch (1969) uses a fixed scan direction
(top-down, left to right) and the newly found values
for the north and west neighboursare put in the
neighbourhoodsin the original image to avoid
removal of two pixel thick lines. In our
skeletonization algorithm, in which a fixed scan
direction does not exist (figure 4), all 4-connected
neighbourshave to be testedin partially recursive
neighbourhoods (see figure 2, section 2).
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The implementation of the Hilditch skeleton uses
three binary images:
e an input image;
« an anchorimage, containingthe pixels which
are by definition skeleton pixels;
« a change image, storintpe pixels changedin
a current iteration.

20

21

22

23

25|24
29 |30]26 |27 |28

c d

Figure 4. Hilditch skeletonization. The order of
processing is image dependent.

The Hilditch skeleton is 8-connected.Hence, the
image has to be eroded4-connected.The queueis
initialized with unanchored 8-connected contour
pixels. In the first iteration each queued pixel is
removedif it is not a break or end pixel in the
original neighbourhood,not a break pixel in the
recursive neighbourhood and ratbreak pixel in the
four partially recursive neighbourhoods.Of course
each of the latter has to be tested only if that
neighbour is set in the change image.

If a pixel may be removedit is set in the
changeimage. Detected break and end pixels are
anchored because:'once a break pixel, always a
break pixel' and ‘once an end pixel, always an end
pixel'.

When all queued contour pixels have been
processedthe input image is updatedby removing
the pixels set in thehangeimage. Thesepixels can
quickly be addressed hyassingthroughthe queuea
secondtime. Simultaneouslya new queueis built.
All unanchoredobject pixels, 4-connectedto the
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changed pixels, are queued and temporaiighored
to prevent double queueing. Thismporaryanchoris
removed during the testing phase of the rigettation
which is, apart from that, the same as in the first
iteration. Note that the temporary anchor can be
discerned from the original anchor because the
temporaryanchor pixels are queuedand the original
anchor pixels are not. The skeletonizationprocedure
finishes after a desirednumberof iterations or when
stabilization occurs.

The Hilditch skeleton without end pixels
proved tobe relatively time consumingcomparedto
the Hilditch skeleton with end pixels. Without
endpixel condition a pixel which is a breakpixel in
some iterationwill be a candidatepixel for removal
in all next iterations and therefore ahe pixel thick
lines need to be queued over and over again.

A solution is to obtain the skeleton without
end pixels from the skeleton with end pixels by
eroding from the end pixels until closed contoursor
single pixels remain. The anchor which has been
filled with detected skeleton pixels has to testored
before the erosion from the end pixels can start.

If objects connectedto the edge should stay
connectedto the edge, the edge is anchoredand
made object, else the edge is made background
before calling the initialization procedure.

A pseudocode of the Hilditch skeletonization
can be found in the appendix.

Combinations of operations

Binary neighbourhood operations can dmmbinedto
compose higher levaebperations.Examplesof higher
level operationsare opening (erosion followed by
dilation), closing (dilation followed by erosion),
separation of objects with and without holes
(skeleton without end pixels followed by pepper
removal and propagation)or removing small objects
(erosion followed by propagation).

These higher level operation can be
programmed efficiently with our algorithms by
passingthe region of interest from one operationto
another.Betweenthe operationsthe image need not
be scanned for the contours.

The queue itself cannot be passed on
straightforwardly.Some operationsend with a queue
containing the backgroundcontours, others with a
gueuecontainingthe object contours.Moreover the
gueue has to be shiftdd the start again. Interaction
routinesto build a queue containing object contour
pixels from a queue of background contour pixehal
vice versa are eastp construct.In the first casethe
object neighboursof the queuedpixels becomethe
new queue. In the second case the background
neighbours of the queued pixels.
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The processingtime dropsdramatically if the queue
is passedon. The interaction routine is of time
complexity linear in the number aontourelements,
whereas a complete initialization is of time
complexity linear in the number of image pixels.

Contour filling and object labelling

Propagationof interesting pixels (contours) can be
used to fill contours antb label objects.In the case
of contourfilling, a pixel inside a contouris queued
and subsequently the area inside the contofitlésl

by queueingand adding all connected background
pixels inside the contour. In the case of object
labelling, the image is sequentially scannéd.soon
as a non-labelled object pixel is encountered,this
pixel is queuedand all connectedobject pixels are
labelled subsequenthas in the contour filling case.
Forks, spirals, etc. do not pose any problems as
opposed to a method which scan the image. fline
to label an image is proportionalto the number of

object pixels.

5. Results

We haveusedtwo 2562 test imagesto comparethe
speed of our algorithms, referred to as the VVV-

algorithms, with the CLP-algorithms of Groen &

Foster(1984) and the PXY-algorithms of Young et
al. (1981). The test images werdhaesholdedmage
containing gold particles iglass (figure 5a) and the
background of this image (figure 5b). Théjectsare
of the shape frequently encounteredin biomedical
cell analysis,the backgroundis usedto observethe
behaviourof the algorithmswhen a lot of holes are
present in an object. Depending thre operation,the
results on completely filled or empty images are
given as well, as are the results of straightforward
implementations.

Figure 5. (a) Thresholdedimage containing gold
particlesin glassplus the skeleton. (b) Background
of the same image plus the skeleton.
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The computer used in this experiment was a
MicroDutch. This is a VME-bus systembuilt around
a Motorola 68020 with a clock frequency of 12.5
MHz., running under UNIX V.2. All programshave
been written in C.

Piper (1985) has proposed a method to
implement the Hilditch skeleton using interval
coding. In his experimentshe useda VAX 11/750
running under UNIX which is three to four times
slower than the MicroDutch we used. Nevertheless,
the performanceof his method can be estimated.
Assume that his system is four times slower tbars
and that his image (Piper (1985), figure 5.b) is
comparableto our figure 5.b. Hence, the estimated
processing time of his algorithm on our systemtioa
image of figure 5.bis 10 seconds twice the time of
our algorithm.

PXY-algorithms

The PXY-algorithms work on run-length coded
images. The run-codesare stored in pxy-tables. A
pxy-table contains the addresses of bibté start and
the stop of each run. Processinga pxy-table means
processing only object contours.

Monadic and dyadic point operations (NOT,
AND, OR, XOR) are the basic operationsin the
PXY-algorithms. A dilation is implemented by
shifting the runsin a pxy-table up, down, left and
right and by a logical OR between the originaage
and the shifted imageAn erosionis implementedas
a dilation of the background.

The strength of the PXY-algorithms is the
possibility to use the output pxy-table of one
operation as input for a next operation. A
disadvantagss the large amount of memory space
required for complicated images.

CLP-algorithms

The CLP-packageof Groen & Foster does not
processwhole images, but only regions of interest.
During one iteration the candidate pixéts the next
iteration are storedin a list. Per row the candidate
pixels are sortedto obtain runs of successivepixels.
In processingheserunsa table-lookupis used.The
table-indexis filled accordingto the scan-code,so
only three new neighbourshave to be read for each
pixel on a line.

The computational overhead introduced by
sorting is large. Therefore a simple sub-optimal
procedureoften proves to be as fast: instead of
building a complete candidate pixel list, only the
minimum and maximum column value of the
changed pixels are used in setting the region of
interest.
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The advantagesof the methods are their general
applicability for binary neighbourhoodperationsand
their limited use of memory. A disadvantageis the
time consuming sorting in the optimal CLP-

procedure, as will become clear in the next section.

Measurements

The resultsare summarizedin three tables. Table 1
contains the processing times of figure 5a, tdblsf
figure 5b and table 3 of empty and filled images.

Table 1. Times (in second§ requiredto processimage of

Figure 5a. VVV times include0.6 secondso build a queue
with contour pixels. PXY times include0.4 seconds tbuild

a PXY-table and 0.2 secondsto convert the output PXY-

table to an image.
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pixels followed by a pass through the imaged&tect
all non-break pixels and subsequenterosion from
thesepixels. The initialization usesthe first method
of section 4. The VVV-propagation from the edge
useda redundantpassthroughthe image to test for
other seeds thathe edge.If this passis omitted the
processingtime becomes0.5 secondless. The CLP-
algorithmswe used were the optimal algorithms as
described by Groen & Foster (1984).

Table 3. Processing times (in secondd) to clear a
completely filled image by erosion or to fill an almost
empty image bydilation of one pixel.

10 itera-tions 4- Skeleton without end
connected dilation  pixels

10 itera- 10 itera- Skeleton Skeleton Propaga-

VWV 20 14
CLP 32.0 55.6
PXY 3.7 48
SFW 114 105

tions 4- tions4-  with end without tion from
connectedconnected pixels end pixels edge
erosion  dilation

WV ! 09 11 34 39 05

CLP 89 12.7 12.0 12.0 6.4

PXY 15 23 - - -

SFW 77 94 22.3 40.3 32.3

Table 2. Times (in second$) requiredto processimage of

Figure 5b. VVV times include0.8 secondso build a queue
with contourpixels. PXY times include0.4 seconds tbuild

a PXY-table and 0.2 secondsto convert the output PXY-

table to an image.

10 itera- 10 itera- Skeleton Skeleton Propaga-

tions 4-  tions 4- with end  without tion from
connectedconnected pixels end pixels edge
erosion  dilation
WV ! 13 11 53 59 12
CLP 12.8 9.1 19.5 19.5 34.7
PXY 24 15 - - -
SFW 94 7.7 34.6 35.1 97.1

Some commentson the experimentsWe have only
compared the 4-connected algorithriiie resultsfor
the 8-connected case show the same trend.PPt¢é
propagationwas not available. The VVV-skeleton
without end pixels consistedof a skeleton with end

' In 1998 (10 years later) the processingtimes listed in
table 1-3 have beenreducedby more than a factor of 100
using a Pentium Il oPPC G3 at250 MHz.
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The straightforward implementation (SFW) of the
skeletonis a scan-codealgorithm. At each pixel a
table entry is composed difie neighboursby shifting
and refreshingthree new pixel values.The recursive
and partially recursive neighbourhoods are
constructed from this entry as well. In the
straightforward implementation of the other
operations for eaclpixel the conditionsas described
in section 2 are evaluated.

The VVV-algorithms calculate skeleton3 to
4 times faster than th€LP-algorithms.The dilations
and erosionsare an order of magnitude faster than
the CLP-algorithms and almost 1t& 2 times as fast
as the PXY-algorithms.The processingtimes of the
straightforward implementations shaWat intelligent
algorithms have their benifits, but only if the
overhead is kept small.

6. Conclusion

We have implemented and tested algorithms for
binary neighbourhoodperations.The operationsare
erosion, dilation, propagation and skeletonization.
The algorithms process only object contours by
storing pointers to relevant pixels.

Our new algorithms aréhe fastestin all tests.
Compared to the PXY-erosion andilation of Young
et al. (1981), the gain in processingtime is small,
but since thesealgorithmsdo not offer a reasonable
skeleton, the large difference withe next available
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alternative, the CLP-algorithmsof Groen & Foster
(1984), is more important.

From the basic operations other operaticas
easily be derived, such as contourfilling and object
labeling. If operations are combined, e.g. operang
closing, initialization is redundant and tlaégorithms
become even faster.
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The appendix contains the pseudo code of the erosion, dilation and the Hilditch skeleton.

Erosion 4-connected / 8-connected

begin
make image edge zero

initialize the queue with pointers to pixeds/ 8-connected to the background

for all pointers on queudo
remove pixel pointed to
endfor

while ( old_queue not empty and still iterations to gibo)

for all pointers on old_queugo

for all horizontal & vertical / diagonal neighboul®

if neighbour = Xhen
neighbour = 0

put pointer to neighbour on new_queue

endif
endfor
endfor
old_queue = new_queue
endwhile
end

Dilation 4-connected / 8-connected

begin
make image edge one

initialize the queue with pointers to pixels 4-connected to the background

PatternRecognitionLetters, Vol.7, No. 1, 1988, 27-36.
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for all pointers on queudo
for all 4-connected/8-connected neighboursdo
if neighbour = Othen
neighbour = 1
put pointer to neighbour on new queue
endif
endfor
endfor
while ( old_queue not empty and still iterations to gibo)
for all pointers on old_queugo
for all horizontal & vertical / diagonal neighboursdo
if neighbour = Ghen

neighbour = 1
put pointer to neighbour on new_queue
endif
endfor
endfor
old_queue = new_queue

endwhile
end

Hilditch Skeleton

begin
make image edge anchor
initialize the queue with pointers to the 8-connected unanchored contour pixels
while ( old_queue not empty and still iterations to gibo)
for all pointers on old_queugo
if (y,, = 1 in non-recursive, recursive and partially recursive
neighbourhoods and; # 1 in non-recursive neighbourhoodhen
set pixel in change image
else
anchor pixel
endif
endfor
for all pointers on old_queugo
if pixel pointed to is set in change imaideen
remove pixels in change, mask and anchor image
endif
for all horizontal & vertical neighbourdo
if ( neighbour =1 and neighbo#ranchor )then
anchor the neighbour temporary
put pointer to neighbour on new_queue
endif
endfor
endfor
old_queue = new_queue
endwhile
end
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