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Abstract

In the framework of the EC-funded AIR-project “Objective plant quality
measurement by digital image processing” taking images each three weeksduring more
than nine monthsfollowsthe development of Ficusbenjamina plants. From theseimagesa
largenumber of featuresisextracted and ar€ation islaid between thesefeaturesand the
external quality by using neural networks.

A segmentation procedure for classifying the pixelsinto object pixd (plant) and
non-object pixes (background) hasto be used befor e featur e extraction. Segmentation
procedur esbased on thresholding depend on the specific threshold that isused, especially
when thetransition between object and background followsaramp instead of a step and/or
the intensity of the object and/or background isnot constant for the whole image.

Improved versions of MAX-MIN filters for edge enhancement a e less noise
sensitivethan other filtersfor edge enhancement asfor examplea L aplace operator. The
samefeatureextraction proceduresar eapplied toimageswith different illumination levels
and that have or have not been enhanced by “improved MAX-MIN filtering”. The
influence of image enhancement by “improved MAX-M I N-filtering” on the segmentation
of images and consequently on the featur e values will be discussed.

INTRODUCTION

In the framework of the EC funded AIR project “ Objective plant quality measurement by
image processing” (AIR3-CT94-1072) severd growth experiments with Ficus benjamina have
been executed. The growth of the plants is followed by taking colour images (24 bit) of four
different views (45° difference between the successive images) every three weeks with a CCD
camera(Sony 930D X C- P) from dmost seedling sageto marketable plant. All imagesare stored on
CD and processed afterwards to determine different features of the plants. The features represent
characterigtics of the plants and the values of the different features are used asinput for adecision
system for grading theFicus benjamina at different Sages during the growth and at theend whena
relation with qudity is laid. An importart step in the image processing is the segmentation of the
image into background and plant. The segmentation of the image is based on thresholding with
respect to the colour values for Red, Green, and Blue or avaue that is afunction of Red, Green,
and/or Blue.

TheFicus benjamina plantsare placed in aspecid dmost dark chamber with adistinct red
background. The plants are illuminated from the front side with three incandescent light tubes.
Influences of daylight and other externd light sources are excluded as much as possible. Many
measures are taken to achieve an equa exposure of the plants at the different measuring moments.
However it is not possible to obtain exact the same exposure of the plants. An important reason is
that the CCD camera has alimited exposure range (between one and two digphragm stops). A
small rotation of the digphragm ring resultsin an intensity change of 5 to 10%. A second reason is
that the plants grow. The front leve is coming closer to the light sources, resulting in ahigher
exposure leve at the plant (alighter plant) and a the same time the plant takes away more light
resulting in adarker background. Further the older leafs are dark green whilst the younger leafsare
light green.

These varying exposure conditions between the different measurements require that much
attention is paid to the segmentation and hence to the threshold. A too low threshold resultsin that
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too many pixelsare classified as object pixelsand atoo high threshold resultsin that too many pixds
are classified as background (assuming that the object has ahigher intensity than the background).
The use of “improved MAX-MIN filters’ can contribute to amore consistent separation between
object and background by means of thresholding.

This paper will first discussthe background of the“improved MAX-MIN filters’ to darify
the principle of the filter. Then the gpplication of the technique in relation to the threshol ding based
segmentation of Ficus benjamina images is described and discussed.

MATERIALSAND METHODS

I mage Processing

The images of the Ficus benjamina plants (1200 per measurement (300 plants and four
images per plant)) are stored on CD’ sand processed afterwards. Thefirst step in post-processing
Is removing artefacts (if they are there) from the image. The stick for supporting the plant isaso
consdered asan artefact. The second step isthreshol ding theimage to make a separation between
background and object. Thisresultsin abinary image. After this segmentation the different features
asobject area, object width, object height, filling grade of the object, etc. are determined for each
of the plants and stored in afile for further processng.

Thresholding

The purpose of thresholding isto classfy pixels on the basis of colour or alocal property
(for exampleafunction of the colour vaue(s)). There does not exist one pecific defined procedure
for thresholding that resultsunder al conditionsin acorrect classfied image. Most of thetechniques
are based on the histogram of the pixel vaues (colour or another locd property). In case of a
bimoda histogram the threshold is chosen somewhere in the valley between the pegks. Thiscan be
the minimum between the two pesks or can be based on probability dengties of the two
subpopulations. These procedures however only giveagood result when thereisasignificant valey
between the pesks. When thereis no such significant valley other approaches have to be used and
most them are more or less based trid and error. This means that the thresholded imageisjudged
whether it has adesired property or not. If not, the thresholding procedure hasto be adjusted until
the desired property is reached.

Images with an uneven exposure may aso cause problemswhen only onethreshold valueis
used. For these type of images it may be more gppropriate to divide the image in subimages and
determineapixd vaue hisogram for each subimage. Each subimageisthen ssgmented individualy.

The problem of uneven exposurein colour images can be handled by normaising theimage:

R,=R”~ 255/(R+ G +B)
G,=G~ 255/ (R+G+B)
B.=B 255/ (R+ G +B)

In this procedure the same colours (i.e. the same ratio between Red, Green, and Blue but
with adifferent intengity) are projected on onenew colour (R, Gy, By). For example, dl grey vaues
(including white and black) are projected on one grey value.

The factor 255 (in case of 8 hit colour vaues) is used to rescae the image. Thresholding
then has to be performed on one or more colour bands or on the values of afunction of R,,, G, or
Bn.

Thresholding of images can beimproved when theimages are processed in such away that
the valley between the pesks becomes more clear. The gpplication of “Improved MAX-MIN
filters’ is a procedure that contributes to this. The edges become sharper and consequently the
number of pixelsin the valey decreasesin favour of the number of pixelsin the pesks.
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“Improved MAX-MIN filters’

1. Theory Maximum and minimum filters are used in image processng for severa purposes.

contrast enhancement, texture description, edge detection and aso thresholding. Maximum and
minimum filtersassgn to each pixd inanimage anew vaue egud to the minimum or maximum vaue
of the neighbourhood; the neighbourhood also sandsfor the shagpe of thefilter and isnot necessarily
asquare. (Verbeek et al., (1988) setup asystematic framework that accommodated existing max-

min filter methods and they aso suggested some new ones.

The five basic operations that can be applied to an image are:

ORI : Identity operation

MAX Locd maximum (grey dilaion)

MIN Loca minimum (grey eroson)

UPP=MIN (MAX) : Upper envelope (grey closing)

LOW=MAX (MIN) : Lower envelope (grey opening)
With these five basic operations the following primitives can be derived:

DY+ = MAX - ORI >0

TE+ = UPP- ORI >0

RA+ = MAX - UPP >0

DY- = ORI-MIN >0

TE- = ORI-LOW >0

RA- = LOW - MIN >0

For ramp edge and texture edge detection (Verbeek et a., 1988) proposed to replace ORI inthe
Lee edge detector by UPP and LOW. The Lee edge detector is defined as a pre-smoathing
followed by the point minimum:

DYL = pmin (MAX - ORI, ORI - MIN)  (“Lee edge detector)
The envelopes UPP and LOW follow ORI a aramp but follow MAX and MIN at anon-
ramp edge. The Lee edge detector then becomes:
RAL =pmin (MAX - UPP,LOW - MIN)  (“ramp Leg")
and expressed in the primitives the detectors becomeDYL = pmin (DY +, DY-)
RAL = pmin (RA+, RA-)

The Lee edge detector yiddsaresult smilar to the modulus of the linear Laplace operator.
The nont-linear operator that yiedsthe Lee edgeis:

DYS=gmin (DY+, DY-) gmin = 9gned minimum>0 if DY+ <DY-
Theramp andogueis.

RAS = amin (RA+, RA-) gnin=ggned minimum>0  if RA+<RA-

Adding these to the origina image:

DYF=O0ORI +DYS
RAF =ORI + RAS

results in steep fronts (DY F and RAF) a edge positions. These steep fronts make thet it
becomes more easier to find proper threshold values. The ramp based version RAF isless noisy
than the general one DYF.

In the research work presented in this paper DYF is used because it requires less
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computationa effortsthan RAF does. Further MAX and MIN arebased ona5” 5 neighbourhood.

2. Example To visudize the result of the “improved MAX-MIN filter” filter an artificid image has
been created. In this image there are two areas, one with alow vaue of the pixds (for example
background) and one with a high value of the pixds (for example object). Noise (normaly
distributed with mean 0 and standard deviation 2) is added to each individud pixd. Thelow leve
had acongtant pixel vaue of 60 and the high level pixel vaue varied from 90 to 180 in steps of 30.
The trangtion from background to object has been varied between zero pixds (steegp) and three
pixes (ramp). For one line in this image the resulting values &fter gpplication of the “improved
MAX-MIN filter” to the source image with different pixel vaues for the object and different
trangtion widths are presented in the Figures 1.ato 1.d.

The figures show that regardiess the pixel vaues, the transitions become steep and are
located at the same position. This means with respect to thresholding that the separation between
object and background will dways take place at the same position and does not depend on the
pixel vaues of the object (or background), i.e. the exposure of the object. Between which two
positions the trangtion takes place depends on the dope of the transtion and the noise. In the
gtuation of no noise, dl trangtionstake place at the same position (between 6 and 7) regardiessthe
dope. When noiseisintroduced the trangtion will take place between either the pixels 5 and 6 or
the pixels 6 and 7 (in the Stuation discussed in this paper). This depends on the noise levelsin the
57 5 neighbourhood. Considering awholeimagewith many transtionsand noisethat ismoreor less
normally distributed the distribution over the pixd swherethe transitions take place may be assumed

equdl.
RESULTS

Histogram Based Thresholding

In the Ficus benjamina experiments threshol ding wasfirst based on ahistogram of the Green Red

ratio of each pixel (Figure 2). Thresholding based on the Green value only is not possible because

the green vaue of the background is in the same range as the green vaue of the dark green leefs.
The highest peak (PVima) in the histogram of Green/Red-vaues corresponded with the

object. Further the positions l&ft (PVmax-s0) @nd right (PVmax+s0) Of this pesk where the valueswere

equal to 50% of the peak value were determined. The threshold (TH) has been st to:

TH = I:,\/max + 40 ’ (Pvmax+50 = PVmax-SO)

Thisresulted a some momentsin problems when therewas a (smdl) over exposure of the

background (Red and Green became both 255 and hencetheratio 1.0). Thisaso resulted in apesk
in the histogram a 200 (al ratios are multiplied by 200) and a not correct sesgmentation of the
image. This was the reason to compensate for the exposure level of the image by normdising the
image. As mentioned earlier it isadmaost impossible to redlise an equa exposure during a series of
measurements with a growing object. At the same the moment the thresholding is improved by
applying the “improved MAX-MIN filter” too.
1. Normalizing and “Improved MAX-MIN Filter” Thepixd vauesof the Green colour band
after normalisng of animagelineareshownin Fgure 5. The origind imageisshownin Figure3and
the original Red, Green and Blue vaues are shown in Figure 4. Figure 5 showsthat the green vaue
for the background isin the range 42 to 51. The pixelsfor which greenislarger than 80 are object
pixelsand the pixd vaues between 52 and 80 are in the trangition range. The figure aso showsthat
the trangitions between object and background are not steep but follow more or lessaramp. When
tothesameimagethe”improved MAX-MIN filter” isapplied after the normaisation, thetrangtions
become steep. Thisisaso shown in Figure 5.
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2. Featur e Values To andysetheinfluence of the gpplication of the*improved MAX-MIN filter”

in relation to the threshold, a series of 42 imagesis processed without and with gpplication of the
“improved MAX-MIN filter” and with threshol ds between 56 and 80. Theinfluence of thethreshold
on thefeature valuefor thefeatures’ object areal and *areawithin convex hull’ are shown in Figure
6 and 7. These figures very clearly show that the vaue of ‘object are much depends on the
threshold whenthe MAX-MIN filter isnot gpplied. Therange (maximum min minimum) is25.2% of

theaverage. When the*improved MAX-MIN filter” isgpplied therangeismuch smdler and 9.4%
of the average. The value of ‘area within convex hull’ is much less affected because this feature
depends on the position with respect to each other of alimited number of object points. Increasing
the threshold when the “improved MAX- MIN filter” isnot applied resultsin that these points shift
over maxima the width of the trangtion. The maximum decrease expressed in pixelswill besx to
ten times the height of the plant; assuming awidth of the trangtion between 3 and 5 pixels.

The influence of threshold in combination with “improved MAX-MIN filtering” is dso
determined for some other features. The results are summarised in Table 1. The datain this table
show that thefeatures ' object width', ‘ object height’, * convex perimeter’, * optica centre horizontal
direction, and ‘optica centre vertica direction’ are amost not affected by both threshold and
application of “improved MAX-MIN filter”. Festures as‘ object area and ‘ convex hull area’ are
very much affected. Therelative size of range of thefeature* object perimeter’ isnot much affected.
Anincreasein threshold shows an increase of the object perimeter and gpplication of the“improved
MAX-MIN filter” showsaso anincrease of the object perimeter. Thisisrelated to that the position
of thetransition depends on the dope of the ramp and the neighbourhood asisaready discussedin
Section 2. Example.

DISCUSSION

Theandyssof the“improved MAX-MIN filter” showsthat gpplication of thefilter toimage
resultsin steep trangitions between object and background. It has to be mentioned that transitions
only become steep when the trangtion takes place within the neighbourhood. When the
neighbourhood is 3 3 only trandtions of three pixes or less (including one object and one
background pixel) become steep and witha5”™ 5 neighbourhood the maximum width isfive. Onthe
other hand, an increase of the neighbourhood results in loss of detail. So the sze of the
neighbourhood will dways be a compromise. Also wider transitions become more steep after
gpplication of the improved MAX-MIN filter but they will maintain aramp shape but with alarger
dope.

Because of the steeper transitions between object and background the threshold has less
effect on the segmentation of theimage and the resulting festures. Anincrease of the threshold from
56 to 80 resulted for thefeature‘ object areal in adecrease of 25.2% (relaiveto theaverage) when
the“improved MAX-MIN filter” was not applied and after application it reduced to 9.4% (relative
totheaverage). Thisisdill areatively large percentage. However, one hasto redisethat inaFicus
benjamina image, as shown in for example in Figure 3, there are about 6000 transitions between
object and background.

For a good segmentation of images it is necessary to create steep transitions between
background and object before the segmentation takes place. If thisisnot redised the segmentation
results are affected by the threshold. Consequently the feature values are affected too. Especialy
whenimagesmade at different momentswith different exposurelevelsare compared in Someway, it
Is important that the edges are steep to reduce the influence of the threshold. This becomes even
much more important when there are alarge number of trandtionsin theimage, asisthe case with
theimages of theFicus benjamina. For theseimagesit isvery important that much attention ispaid
to the exposure of the object and background and the choice of the threshold.
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Tables

Table 1. Influence of "improved MAX-MIN" on feature values

with “improved MAX-MIN"

" with “improved MAX-MIN"

Convex

Threshold Opject Opject Obj_ect Cor_vvex Opt X Opject Opject Obj.ect i Opt X Opt Y
height width  perimeter perimeter height ~ width perimeter pe_rérmet
56
431 340 5736 1257 223 276 338 6814 1256 223 277
58 431 339 5848 1254 223 276 338 7020 1255 223 278
60 430 338 5973 1252 223 277 338 7149 1253 223 278
62 430 337 6078 1250 223 277 337 7252 1252 223 278
64 430 336 6144 1247 224 277 337 7348 1251 223 278
66 430 335 6214 1245 224 277 336 7460 1249 223 278
68 430 335 6260 1243 224 277 336 7507 1248 223 278
70 430 334 6190 1241 224 277 336 7442 1246 223 278
72 430 333 6259 1240 224 277 335 7423 1245 223 278
74 430 333 6257 1238 224 277 335 7340 1244 223 278
76 430 332 6331 1237 224 277 335 7316 1243 223 278
78 430 331 6340 1235 224 277 334 7219 1242 223 278
80 429 331 6310 1233 224 277 334 7149 1241 223 278
Minimum 429 331 5736 1233 223 276 334 6814 1241 223 277
Maximum 431 340 6340 1257 224 277 338 7507 1256 223 278
Renge 2 9 604 24 1 1 4 693 15 0 1
Average 430 335 6149 1244 224 277 336 7264 1248 223 278
Range
0.5% 2.7% 9.8% 1.9% 04% 04% 0.0% 1.2% 95% 12% 0.0% 0.4%
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Fig. 1. Result after application of an “improved MAX-MIN filter for four different trangtion widths
and four differencesin level between background and object. (solid line = origind; dashed
line = result after “improved MAX-MIN filter”).
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Fg. 2. Histogram of the Green Red ratio of an image. All ratios are multiplied by 200.
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Fig. 4. Vaues of red, green, and blue of an image line (310) of a Ficus benjamina image.

98

Pixel value

200 1-
100 |

Fig. 3. Example of aFicus benjamina image.
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Fig. 5. Vaues of Green after normaising and application of the “improved MAX-MIN filter”.
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