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Summary. The chjective of the stadywras to develop a system for detenmiming an apple s sugar cortert with
camnpater vision. The trarsnatted hizlt seming system developed m this stad waras capable of 1pd acquisibhon
of optical propertes relating to iternal quabity of an apple. Taro patameters, mean grevlevel and depth of teans-
nutted lightwere obtaimed & idicators of mzar cortertd. The conelation coefficients betarsensuzar cortert and
selected parameters were significart and ravged fiowmn 0.50 to 022 depending on the variety. The maalls show
that 1t 15 possible to use a nondestmchve compater vision techrque for measunne sugar comtert n apples .
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INTRODUOCTION

Cormpnter vision 15 a rapid, econorde, consistent and ohjective inspection fechrdgue, which
has expanded into many diverse industries. Its speed and accwracy satisfy ever-increasing produc-
tion and guality requirerne nts, he nee aidivg in the development of totally automated processes. This
non-destruc trve method of inspection has found applications i the agricultural and food industrs
mehuding the inspection and grading of fiuit and vege tdble [Brosnan T. of 2, 2007].

Sugar content 1s one of the most significant factors affecting internal finit guality [Dobrzan-
ski ef al. 2001]. Becently; reflectance and transuittance spectroscoper have recemved considerable
attention in non-destructive defection of fiuit quality Dull et al. (1992 showed that nearinfrared
reflectance in wavele ngths between 500 and 1000 nro could be used to determine the sugar content
in cartalonpe and honeydew melons. Kawano et al (1992) used a MIR spectrophotore ter to mea-
sure the sugar confert of intact peaches in the spectral region of 620 and 1235 nea. They showed
that NIR. transmittance could be used to determine the sugar content of mandaying. [Venhira of al
1095] applied diffuse reflectance, coupled with a CCD detector fo measwe the sugar content of
apples in the spectral region of 800 and 1000 ren. Their objectrres were fo0 (1) exarane the ability
to predict soluble solids in intact apples using cormpter visioh systern and (2) obtain inforrmation
to develop an intellizent fruit quality assessment system.
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[Slavnghter 1995] deterrrined thatwisihle and NIR-spectrose oper conld be nsed to weasure nove
destrue tiee Iy the internal quality of peaches and rectarines as chararterize d by their aoluble solids,
sugar confent, sorbet content, and chloropbodl content. [Bellon-Ivkare]l 1997] used the wavelength
region between 800 and 1050 ran to build a model for sugar measuremment using a CCD camera
inste ad of the standard phioton raltiplier detector. [IWbons ef ol 1997] established a relation betareen
MIB-spectra and fiuit quality pararaeters such as acidity, pH and sugar content. Mo inforrmation
was found in the literature concerming NIF. spectrosr oy predic tion raodels for texture and firminess
pararneters of fruit flesh. [Steimnetz of 2l 1999] ivwve stizated sensor fusion to predict apple sugar
cortent by corbiring image analysis and nearinfiared spectrophotormeter sensors. The repeatability
of the clazsification techrigue was 723 when the two sensors were combined for the 72 sarmples.
The ohjective of this study was fo dewelop a cornputer vision svstemn for determnining sugar content
of apples using a mwachine wision systemn for colowr assessment and a transtnitted monocheornatic
light systemm.

[Abrnada ef @l 2000] evaluated the suzar content of orange finit using features such as fiuit
colour, shape and roughress of fiuit swrface related to the pH. In order to give the consamer a
more uniforn product, the classification and separation of wixed mats into lots of wrdform shape
and size 15 desirdhle.

The capacity to confitn the variety or origin and the estirs ion of sucrose, glucose, finctose
of the citrus fiuits ave major interests of citrs juice mdustr & rapid classification and guartification
techrigue was developed and walidated for simultaneons and non-destractive quantifying the sugar
constituent’s concentrations and the orgin of citus fiuits weing Fourder Transform Mear-Infrared
(FT-WIE) spectroscopny in conjunc ion with Artificial Meural Metwork (LM nsing genetic algo-
rithre, Cherno metrics and Corre spondences Snalysis (Ch) [Jagdish C. ef @l 2008].

[Van-de Lin 2007] measured diffuse reflectance spectra were at different testing distances of
0,2, 4and & reom for apple sugar content prediction. The statistical analyeis results for fiuit FT-HIE.
diffuse reflectance spectroscopy have been obtained ermploying the wariance analysis.

MATERIAL AWD METHODS

Six apple cultfvars were used in this study, Gala, Fiesta, Sarmpion, Jonagold, Ligol, and
Golden Delicious. The apples were picked for esting from trees on dx dates (five davs apart start-
ing before harvest and continuing thereafter) from Abizowa Orchard Experiraent Station. When
apples arhieved full ripeness, they were put into cold storage for five months. Prior fo testing, finit
were removed from storage at least 15 hours before measurements to allow thern to reach room
te rnpera tore (20 “C.

Irnages were acquired using one CCD camera (Wodel S5C-DCSEAE, RGB Sony) eguipped
with 25 ro lens, compmter with InltiScan program of irnage analysis, and lighting, which was
provvided with diffuse light from two halogen largpe [Puchalski ef of. 2008]. Lpples were oriented
vertically in the stern- calye direction and then thew were rotated. Eight irnages of each apple were
taken. Irages were digitized using a frame grabber, and visualized on the monitor. The care ra was
raounted at the side of the saraple with a working distance of 400 oo

The experitmental setup consisted of a solid-state carnera, frame grabber and corapater, and
light source. The calye-end of the finit was illonivated theongh a 30 mam diaweter opening at the
top of the light box.

The amount of light that was transraitted throngh the apple was measured by viewing the
steri-end with a CCD camera (Fig. 1. For deterrining when the apples were ready to harvest the
following measurerne nts were nsed: firramess and starch index. The franess tests were performed
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dive ctly after the optical measurements. The Iagness-Tavlor test was carried out with a Zwick s
chine nsing a cylindrical plunger 11 trn in diamweter which travelled at a constant speed of 2 rorals
into the peeled apple a distance of & mrn. The force we. deformation ourves were recorded for each
apple. The maxiranrn force and the slope of the curve from the otigin to 2.0 ron of displacernent
were wsed ag a measure of fhit fironess. Bpple juice was then extracted and its sagar content was
togasured with a refractoraeter of BR 12 toan accuracyof 0.25% Bricks.

) DEH

Sctup of tronarmitted light avacrn

Pararneters ceterived on the bage of tranemitied dght sveterm.

Fiz 1. Setop of barsmuted hglt system and deternived pararmeters

The sugar content in the studied apples showed good relatiorship with light fransrattance
data: The measurerments at several different locations of an apple are recoreuended to obtain rep-
resentative values of sugar contents. & better predicion can be obtained with a separate calibra-
ton for each apple variety Wbdel perfonnance was reported as the coefficient of deterrrination,
standard error of predictior, sverage difference between the measured and predicted walues, and
the calculated model error.
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RESULTE

The followings parareters were selected; grey level for red B grew level for green G, grey
lewvel forblue B, e H mean grew level Il and depth of travsreatted light D.

Sugar content of the tested apples changed significantly daring harvest and storage, as a
consequence of changing chemical cormposiions. Corelation coefficients between sugzar content
of apples and the aborve parameters are presented in Table 1. Ivan gtewlevel Il from transmitted
light systerm and Hue from rmac hine wision produced correlation coefficients in the range fromm 0.50
to 0.98 for all the studied warieties. & potential nse of such parameters is o make grading decisions
based on the transwitted light through the sarwple or on an individual fiuithasis Spgplication such
ag the measurement of apple quality on assessinent of sugar content of the finit may be possible.
Diepth of transwitted light D, grev level blue B and intensity I, and grey lewel red B have a liredted
use 1e., they had good correlations for only some varieties.

Table 1. Comrelabon coaficierts b et een e an paratveters detenmined fiom vision systan and sagay content
of apples of the tested vare

Comelation cosfhime s
Varietias
Parameters Zolden Dila
Gala | Sampion | Fests | Jomsgold | Ligel | Delic | Witer | “°F | 4N
. anmter
ZLongs
Gr;fyrfl 090 | 09t 09 050 | -0 | o4n 0 | 08 | 074

Greylewl | goe | pas | 05 | 084 | -085 | 020 | 0% | 0z | o
of grean

Gray level
e 050 | 098 097 052 | 04z | 097 09 | 0% | 042
Iewity | 099 | 0,87 09 0356 | -044 | 050 08 | 040 | 072
Hue 027 | 080 | 060 | 0824 | 050 | 086 0358 | 0 | 023
Melj,e gfe"’ 0% | o7 | 07| o050 | -0 | 070 041 | 043 | 030

Depthof
bammitted | 063 | 044 | 095 | 062 | 0% | 065 | 045 | 042 | 033
light

Wirter varieties —(rala, Sanpion, Fiesta
Dilate wirter varieties — Jonagaold, Lizol Gaolden Delicions
A1l the correlabons coaffimerds mbaold ae syzohcant

Sugar content of 2000 irdividual meamore wents plothed werans rmean grewleve] for all variet-
ez overall harvests and storage are presentedin Figuare 2. There are sigrificant differencesbe tareen
tog asurere s within storage and harvest. Ivlean grey levels changed fror 60 to 140 and 10 o 45,
respec tively for harvest and storage. It is evident that using raean greyr level is possible to distin-
guish harvest and storage condiions. This detnonstrates that mean grey level s a good indicator
of sugar content. High walue of suzar content of apples resulted in stoaller raean grey lesel. It was
probably affected by changes in flash colowr. The relatrvely high walue of comelation coefficient
found for mean grew lewel must take into account that measurerent should be performed on the
sarne location of the fimit The reason of this is that the sariability of the suzar content on the same
fiuit exterds up to 2* Brix.
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Fig. 2. Sugarcontent plotted wersus mean grey level for all the data of vaneties within harvest and storaze

Diepth of transrnitted light (Fig 3) produced lower sepmration ranging frorm 25 to 40 and 40 1o
55, respectively within harvest and storage . The reason for this is that the depth of transtaitted light
iz poultiple factor which depends ie, on colour and texture (Mohsenin 1986).
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Fiz 3. Sugar contert ploted verms depth of tarsmatted bzl for all data of vaieties withm harvest and
storagze

The separation capability frorn harvest and storage was also deterrrined nsing hue with the
diffe rerce s hetareen thern being lower than for mean grew level and hme (Fig 4). The remaivng
paramneters, grew lesvel red B (Fig 5), greylevel blue B (Fiz &) and intensity I (Fig. 7y showr siralar
values for harvest and storage and a0 they canmot be used to assess fiuit guality on the basis of
individnal measre ments. Grey lewel red B for storage (Fig 50, grey levelblue B, and intensity I for
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all havvests (Fig & and 7) had a low correlation to the sugar cordent. Relatteely poor suzar content
prediction may alzo be cauged by the selection of the reference method since there was a large
variabilify in these measared pararveters within indradual apples.
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Fig. 4. Sugar content plotted vermas hue for all the data of vareties within harvest ard s brage

Havest

0]

120

iz lewe uliz2d R

1L

Sto-age

200

50

Crax aval ofrad =

an

sLgar content Yol

Fig. 5. Sugarcontert plotted verus grey level of ®d for all the data of vanetes within harvest and storage
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Fig. 7.

Sugar comtent plotted verns ttersity for all the data of vanehes witlin havest and storsze.

CONCLUSIONE

The results of this stady show that it is possible to use a non-destructive techrigue for
measuring sgar content i apples.
The trarnsnitted light sersing systern developed in this stody was capable of rapid ac-
guigition of optical properies related o internal guality of apples.
Two parareters, mean grey lesel and depth of transratted lizht were good mdicators of
sugar content. The correlation coefficients be twreen sugar content and these parareters
wete significant, ranging frow 0.50 to 092 depending on wariety.
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4. Depthof transraitted lizht I had good corelations forFiesta, sreylevel blue B hadgood
correlations for Sarpior, Fiesta and Golden D licious, intensity [ had good corelations
for Fiesta and Grala and gre vlesel red B had good conelations for Gala, Sarapion, Fiesta.

This researeh was funded by grand KEN Nr6POGRMS2 and grart 2 P0G R 093 30
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WY ZN ACZANIE POZIOMU ZAWARTOSCI CUKRU Z4 POMOC A
ST ATEMDT WIZYINEGO

Stresrerende, Celb adania nuato byd opracosrare sys e do okeslarma zasr arodel cukm v jabtkach =a posnocy
hormpa terowrezo systenm wizyinezo. Zastosowrarty systerm harsmisyi dariatta preez nuassz osrom pozarala na
ckwsileme optremyrch wlaserrosa wigsgeweh sie ze shuliu g wewnetzng 1ab Bea. Dara parawehy 4. pomom
szarodel 1 glebolodel trasnas i fariatta mostaby wirselskgoroarare jako wslagnia zasrarodol ouloan wr carool.
Tzywkano stote wspddezyuila kowlagi nmied zrb adaspand cechant w zaloesie od 0.50 do 058 w zalefmoia
od odnuary jablek. Wianki te fanadezg o meoglnroiel zxtosorarma kompaterarezo systenn wizmnego da
ocery = artos o ok w jab B metoda memszommes.

Siowra lhwerowe: jablko, pomiomm oalon, hompateroary sys tem wizyny



