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Summary. The chjectives of this paperwere to develop a mackire vision s ystem for coloar analysis of apples
amd evalate the performarnce of the coloar vision system to assess apple mabmrity In thos stody colonr was
evahiated wsing taro systens; AGH and A5 The maults shoar that histogramns of dunninawes ave 2 specific
charactenstc of a gZiven vanety. Afler reaching matwrity, fuits exlubit 2 differst distubution of clronunarnce
vahies, The mnge of vanability of clucsninance vahies for inpnatute apples averazed tarice as ligh than that
for matare apples, except m cwe of Jomagold and Golden Delicions variehes. The clumsmnance vahie mayhbe
a meanire of the degree of fhnit matnity dunine havvest perod. Clwomaticity attnbutes, rand 2, may be used
to predict havest and cormmphion matority of apples
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INTRODUOCTION

Colowr is one of the most significant factors relating food cuality to matwity and swface
defects [Dobrzanski ef @l 2002). The appearance of finits affects acceptance by producers and
consumers. [nspection of frits is an important procedure for marketing and processing accom-
plished during harvest and storage. Spples are cormonly graded into three categones, according
to Enropean standards [Lnorgraons, 19897 on the basis of their external guality to de terrnine their
tnatket walue. Ilaral inspe ction’s lack of corsistency subje clivity and wardhility in grading have
encouraged e forts for antorated apple inspection. A rachine vision systera canbe an ideal tool for
asgessing colour by irmage processing. The application of a machine vision syster and irnage pro-
cessing can provide more informative, quantitatte colowr assesstaent with greater re producibility

Some nrestizators have applied irmage processing technigques to colow identification for
fruits. [Thomas and Cu:urmnl},r 1986] cornpared human colour perceptu:un anrl the capabilities of the
Image processing using RGB colowr comporents from raachine wision. [Iomisey 1925] stated that
an HIS system was more efficient in colour inspection than kuman colowr perception. [Tan ef al,
1985] uzed & CCD colour carnera with flarme grabber to generate a 512% 512%E hitof red, green and
blue inage of the sample. & lighting charber was desizhed to provide aniforrn diffuse dlardnation
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of apple s withont any reflec ion. They conclnded that the vision systern achiewved orver A0% aneuracy
for inspection of potatoes and apples with hoe histogratns and rod treatiate discrirminate technirues.
[Faulus and Schrevens 1997] reported on an inage analysis systern consisting of an BGB wideo
carnera with softerare where each pivel point was characterized by its red, green and blue value,
varying between 0 and 255, [Wliller 1995] developed an algoriften to measre colour dispersion.

[Mlolto ef @f. 2002] used linear discrirmination analysis o segment pixels into three and foar
classes. A discrirdnate function sorted the apple as accepted or rejected. The acowracy was good
for apples.

[Eou Hiaoho ef @l 2007] dewveloped a machine vision systern to autornatically grade apple
fiuit colonr, which consisted of a colour CCD carvera eqpuippe d with anirwage grab desdee, abi-cone
roller device controlled by a stepping motor, and a lighting souree . Four images, one for every rota-
tion of 20¢, were taken from each apple. Seventeen colour featare parameters were extracted from
each apple in the image processing. B applving the step decision tree algorithen in cordbination
with the organization feature parareter method, high grade judgrient ratios were achieved in the
classification of “Extra’, and ‘Feject’ colowr grades.

[Blasco ef @l 2003] used the segrmentation procedure, based on a Bayesian discrirination
analysis, which allowed fruits to be precisely distinguished from the background. Thus, de tetrnina-
tion of size was properly sobved. The colowrs of the finits estirnated by the syster were well cor
related with the colovirne tric index wvalues that are erre nfly nsed az standards.

The ohjectives of thiz paper were to; (1) develop a machine wision syetern for colour analysis
of apples and (2} evalnate the perfonvance of the colowr vision systemn to assess apple maturity,

MATERIAL AWD METHODS

Six apple culttrars used in thiz study were; Gala, Fiesta, Sampion, Jonagold, Ligol, and
Golden Delicions. The apples were picked every five daye on six dates heginning before harvest
and contivoning after it, at the AThizowa Orchard Experirrent Station. When apple s reached ripe ness,
the wwrere placed into cold storage for 5 months. Prior to testing, fimit were reraoneed from storaze
at least 15 hours be fore measurernents to allow them to reach roorn ternperature (20 "C1.
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Fig. 1. Machine vision system
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Irnages were acuired nsing one CCD carera (Wodel S5C-DCSZAE, RGE Sony) eguipped
with 25 ran lens, a coraputer with MultiScan program for image analysis, and lighting with a
diffuze light from two halogen lampe [Fig.l]. Apples were oriented vertically in the stern-calwy:
direction and then they were rotated fo obtain eight irnages. [mages were digitized using a frame
grabber and viewed on the mordtor. The camera was located on the side of the sample at a distance
of 400 run.

For deterrnining the harvest readiness of the apples, the following measuremms nts were talen;
firramess, sugar content and starch index. The firmress tests were performed directlyafter the optical
e asuremwe nts. The Magress-Tavlor test was caried out with a Swick Ifackine using a cylindrical
planger 11 won in diarneter travelling at a constant speed of 2 wonlz into the peeled apple at the
distance of ¥ rarn. The foree ve. deforrnation carves were recorded for each apple. The maeironn
foree and the slope of curve frorn the ongin to 2.0 weo of displacernent were used as a weasure
of fruit firraness. Apple juice was extracted after finore s measurernents and its sagar content was
roeasured with a refract meter of BR 12 10 an acouracy of 0.25%, Bricks.

Colour was represented as an BOB composite and also as an HIS systern of hue, satura-
ton and intensity Hue walue was calelated using the following forraula for red, green and blue
values:

H= [DIII' +tan! {(21::- Z-E)* [,E{G-B:.]-'} +130°3FG < 3;.].

Two coordinates, r and g were used as two-dirne nsional chromaticitye oordinates. This analy
gis based on normalized colours is insensitive to changes in lnminance , but is sensitive o changes
in clrormdnance . The normalization was condue ted by taking the percentage ratio of the ruraber of
pixels of each hue within the object range to the total area of the ohject. The procedare was applied
to the inspection of all fiuits.

RESULTE

The diagrarns showing relationshipe be teeen the pararneters B and G, for the tested ariet-
ies dwing harvest and storage periods are presented in Figures 2 and 3. These relationships are
described with the use of quadratic polymornial equations. The harvest period was charac terized by
raore than twice higher wariability than the storage period. & concentration of points of R wversus &
was recorded within the range of the R paraweter wariation from 120 to 200 during harvest period
and from 150 to 200 - in storage period. Ilutal relationshipe be tween these parameters show the
dynamics of changes taking place during finit npering. & zood altermative for matoity de terrnins-
tion is the use of the relationship between B and G. IWearwhile this calenlation is not ye t optiroised
according to the threshold of matority

Belationships betueen chromaticity athibutes, g and r, for the tested varieties dming harvest
and storage periods are presented in Fizures 4 and 5. These relationships are of linear character and
are wery sirilar for both the tested periods. The share of red colowr ranged from 13 to 40 % during
harvest, where as daring storage it was nearly twice as high. Thess parareters may be whilized for
the study of mutal relationships betareen green and red colowr. The adrantage of the transfonmas-
tion to the attributes of g and r is that the correlation is wery high. Deternrnivation coe fielent ranged
fromm 0.95 to 0.97.
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Fig. 2. Kelationship between colony compos ites & ard K of the tested varieties at harvest time
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Fiz. 3. Eelatomslop betwreen colour composites & and R fo the tested variehes at storagze
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Fiz. 5. Relaticoship betoreen cliomaticity cocrdinates gand » for the tested varieties at havvest time

The histograms of REE colours for the tested vaneties during harvest and storage are pre-
serted in Figures 6 and 7. The walues of the & pararaeter waried from 50 to 100 during harvest
tire, whereas during the storage period the varshility ravge of that paraweter was twice higher
and reached a roavivaam of 200, A large concentration of coloration internsity ocourred for the R
parareter. The dymardes of coloration internsity changes and the range of that variability may be
closely observed from EGE histograrns, Spplving this hstograr to the thresholding, the regions
of inferest conld be separated.
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Fig. 6. The BGE colour lustogram of the tested apple withm harvest



532 GreegorzZagala, Jomef Gormelary, 5tamistaar S osnoerski, Czestaar Puchalsla, Gerald Brsewit=

& .
5 .
o 4
=
= X
o e
& Al -
iC -
S — .
s0 103 200
Walue of parameter

Fig 7. The EGE coloar hus togramm of tested apple within storage
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Fiz. 8. Hue listogrames of mabie and monatore apples for the Ested vanehes wathun harvest
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Histozrarns of chrorainance of the tested warieties of apples at havve st ave presented in Fizure
& On oaverage the recorded walues of cleoninance were lower for apples picked from tree s before
the 7 reached their harvest maturity; than those for firnit collected at a later tire, after the v reached
the it harvest matarity Depending on the pixel nureber the character of variability distrbuation for
chrorinance values differed signific antly for the tested varieties. The Golden Delicious varie ty had
clearlvthe lowest meanvalue of chrordnanc e and relativelsy high concentration of itsvalues at levels
22,24, 32 and 34. The chrominance values of the rernaining warieties were hizher by an average
of 24. Wloreorer, the Golden Delicions and Jonagold varieties exhibited the lowest range of wan-
ahility of chromaticity walues, as cormpared to the remaining warieties, 1.e. 14 and 29, respectivelsy
It shiows that histograrms of chrowinance are a specific characteristic of a ghen warety Stdy of
chrominance shall perrndt a determination of harvest characteristic of the wariety
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Histograrns of chromivance of mpe and woipe apples in the tested warieties during storage
period are presented in Figure 9. Thewy show that, after reaching maturity, fruite exhibita different
distribution of cleordhance walues. The range of wanability of chrominance walues for iranatore
apples averaged twice as high as that for fowr varieties of mature apples (not for Jonagold and
Golden Delicious). & significant observation frorn the data is that ondy Fiesta and Lizol (data not
presented) wareties maybe graded irdo ripe and wreipe apples on the basis of chrominance values.
For the remaining warieties, another discriminating ¢ haracteristic is needed. Therefore, the applica-
tion of apple chrominance histograms for apple grading based on rmaturity works for some but not
all warieties.

The measurernent date had a significant effect on fiit chrominance duing harvest period
ag shown in Figure 10, Dhaing storage that effect was not sigrdficant, exce pt for Flesta and Ligal
varieties. These results mean that the cleomdnance walue maybe a measure of the degree of finit
roaharity during harve st period but less usefil during storage.
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Fig 10, Effect of £5ted data onthe value of ke for tested varietes (Gal — Gala, F —Flesta,
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Chromaticityathibntes, » and g, avalyzed forapples atvarious stages of havve stand maturity;
are showr in Tables 1 and 2. The walues of rand g were found to differ sighificantly arnong waret
iez. These indices may be measured on either the blushed side or non-blushed side. Cleomatio ity
attributes, ¥ and g, may be used for the assessment of harvest and matwity of apples as shown by

the diagrara (Fig. 113 for Gala and Golden Delicious varieties.

Table 1. dverage vahes of v, g cloomaticity coordinates for wd amd greenin matire apples

Wariety Data Whole apple | Blush of apple

r g 1 g
Gala 80503 [ 0603 | 0.195 | 0624 | 0.169
Fiesta 80503 [ 0546 | 0.268 | 0.580 | 0.207
Sumpion 120902 | 0527 | 0285 | 0.562 | 0241
Jonagold 2205903 0598 | 0.211 | 0.608 | 0.194
Ligal 290903 [ 0547 | 0260 | 0574 | 0205
Golden Delicdeons | 290503 | 0460 | 0.38]1 | 0473 | 0368

Tale. 2. Average values of r g duomataty cocrdivates for red ard zieen for npe apples

Wariety Data Whole apple | Blush of apple

r 4 r g
Gala 15.1003 | 0601 | 0196 | 0609 | 0.182
Fiesta 61105 | 0.547 | 0269 | 0571 | 0212
Sampion 1510032 | 0.5873 | 0253 | 0570 | 0241
Jonagold 18.12.03 | 0600 | 0202 | 0603 | 0.190
Ligal 150104 | 0535 | 0271 | 0595 | 0.204
Galden Delicdons | 150104 | 0440 | 0406 | 0452 | 0.398
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Fig. 11, Clromaticity diagran of g and »for apples of ala and Golden Delicions (D)
on the border spechal coloas

CONCLUSIONZ

1. Ivlachive Vision inspection of apples iz a feasible approach to evaluating colour and
stage of developement. In fhis study, the teo syeterns wsed to evaluate colow were RGEE
and HIS

2. Besults show that histograrns of chrorinance are a unicue characteristic foreach varlety

3. Clromirance perraits a detervdnation of stage of harvest characteristic of each warlety
Lufter reaching matwrity, fiuit exhibit a different distribution of chrordtarce . The range
of wanshility of chrorminance walues for irmmatore apples averaged twice as high than
that for mature apples, except for Jonagold and Golden Delicions.

4. The chrorminance value maybe a measure of the degree of fimt rmatwity during harvest
period. Chromaticity attributes rand g mayhe nsed for the assessment of harvest tirne
abd maturity of apples
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ZASTOSOWANIE 2Y STEMU WIZYINEGO DO BADANIA WY BARWIEN
JABEEEK.

Streszemnde,  alem pracy jest zastos oaranie systerm do oceny dojrzalodel jablek za pomocs konpateroerazo
systenm analizy chiam, Whad mugrto derdchs yetemosr do ocery koloyrstyld jd kek . RGF oz BN Wla
pokamyyy 1% histograny cleoninanc)i 53 chaalterystreme dla poszegdlnyeh odnnan oarccdsr. o osigzrme-
om dojrzabodel osroce wrrdena)y s1e oy rozkiadem wartedel cleornmancyi. Badawa wilamahy o msier
mmmermosel wartcdel clwonunancgl dla medojzabyech jablek osigpnat preecietne dwa razy worsmr pomom w
porwramanm do jablek dojrzabech, za worathion odmian JTomagold 1 Golden Delimons. Wartedd clwonmnanci
moze bye nuary stopria dojzzalodel oarccder podems shiowear, Paramebhy clionnanc)y, ri g, mogab vl usyte,
do wrymnaczeita ok shiom 1 dojezalbiel kenmampene jablel

Showra ke rowe: jabiko, kolonys tyka, preeterarzanie chram
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