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Determination of orange volume and surface area using image processing technique
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Abstract Inthis paper, an accurate image processing Inrecentyears, the search to find rapid and non-destruc-
algorithm for determination of volume and surface area of oranggijge techniques for measurement of these physical attributes

developed. The proposed machine vision system consists of %9 size sorting, quality gradingtc have attracted many
CCD cameras, an appropriate lighting system and a personal com- :

puter. The cameras are placed atright angle to each otherin ordéﬁ%eamhes' Different m«_':lthematlcal models and n_umerlcal
give two perpendicular views of the image of the orange. Initially"€thods have been applied to extract a representation of sur-

the algorithm segments the background and divides the image if@6€ area and volume. Machine vision and image processing
a number of frustums of right elliptical cone. The volume and sutechniques have been found increasingly useful in the fruit
face area of each frustum are then computed by the segmentaifmiustry, especially for applications in quality inspection
method. The total volume and surface area of the orange is appreyig shape sorting. Researches in this area indicate the

mated as the sum of all elementary frustums. The difference bfé'asibility of using such systems to improve product quality

ween the computed volumes and surface areas obtained by the imﬁ\

ge processing method and measured by water displacement\g{nge freeing people from the traditional hand sorting of

tape method, respectively, are not statistically significant at the 3@ cultural materials. Currently, machine vision is the most
level. The Bland-Altman results show that the orange size has @fective tool for external feature measurements such as colour

effect on the accuracy of estimated volume and surface area foilfignsity, colour homogeneity, bruises, size, shape and stem
by the image processing technique. The regression formuldentification (Forbes and Tattersfield, 1999; Jafetral.,
M=0.68Vp+44.6, between the computed volume and the measurggog; Leeet al., 1999; Lorestanét al., 2006; Sablioet al,,
masiof orangesdls found to be lhlghly Corfre'ated WitOR3. 2002). The use of machine vision is gaining interest for
eyworads: orange, volume, surface area, mass, IMag&armination of physical attributes of fruits and irregular-
processing, segmentation method . . .
shaped objects, because it is a non-destructive method re-
INTRODUCTION quiring image analy_ses and image processing operations.
Forbes and Tattersfield (1999) developed a combined ma-
Physical attributes of fresh produce, such as densithine vision and artificial neural network technique for the
mass, surface area and volume, have often been usees@mation of pear volume from 2-D digital images. The
calculate water loss, heat transfer, quantity of pesticide ams percentage error using a single digital image was 3%.
plications, respiration rates, evaluation of fruit growth anghijs error was reduced to 1.9% when the volume was esti-
quali.ty, ripeness index to forecast optimum harvest timgyated from sets of four images. Lorestatil. (2006) deve-
grading and so on (Hahn and Sanchez, 2000ptae 2006; |gped a fuzzy logic based algorithm for sorting of Golden

Lorestani and Tabatabaeefar, 2006; Taghat, 2005Wilhelm  yajicious apples. Features such as colour and size were mea-

etal, 2005). Among all these attributes, surface area is 04 through a data acquisition system consisted of apples
of the most important factors in all these application field

R h K has b d to determine the relati orter, illumination chamber, webcam and a PC. Grading
esearch worknas been done to determine the refaliongg, ¢ sptained in this manner showed 91.2 and 95.2%
between surface area and more easily measured attributes

reements for off-line and online cases, respectively, with
such as mass, volume and 2-D measures (Forbes and Tat%gast—of human expert. Hahn and Sanchez (2000) develoned
field, 1999; Hahn and Sanchez, 2000; Leeal, 2006; ! xpert. 2 (2000) develop

Sabliovet al, 2002; Wang and Nguang, 2007). an imaging algorithm to measure the volume of non-circular

*Corresponding author’s e-mail: omid@ut.ac.ir © 2009 Institute of Agrophysics, Polish Academy of Sciences



238 M. KHOJASTEHNAZHAND et al.

shaped agricultural produce such as carrots. Both Saéliov MATERIALS AND METHODS
al. (2002) and Wang and Nguang (2007) used image- | of fift | | £ vari
processing techniques to compute the volume and surfaceA total of fifty randomly selected oranges of various
area of axi-symmetric agricultural products. Baileyal sizes were purchased from a local market. The mass of each
(2004) demonstrated an image processing approach wHiERN9e was measgrgd by a digital palance, with an accuracy
estimated the mass of agricultural products rapidly and &+ 0:01 9.The minimum and maximum masses were 136
curately. Koc (2007) determined the volume of Watermeltﬂ'pd 237 g, respectively (Table 1). In order tp det_e_rmlne the
using ellipsoid approximation and image processing. HyQlume a_nd surface area of oranges a machine vision system
compared the results with water displacement method¥3S designed, developed and tested. The design of this
determine overall system accuracy. system was divided into the following sequential stages:
The objective of this study was to develop an efficierff’@9€ acquisition, image processing, volume and surface
algorithm for accurate computation of volume and surfa@é€@ computation withimage processing method and system

area of oranges based on machine vision. validation.

Table 1.Measured mass, volume and surface akafvom andSry) and calculated volume and surface aMa éndSp) of oranges
used in this study

M Vwpm Vip Srm Sp M Vwom Vip Srm Sp
Samples (9) (cn?) (cn) Samples (@) (cn) (cn)
1 184.7 206.4 208.7 150.65 153.17 26 182.7 204.9 204.8 152.48 145.38
2 183.4 202.0 202.4 147.4 144.93 27 169.8 184.0 180.4 139.10 137.29
3 170.7 194.6 192.2 142.92 144.02 28 177.5 191.6 187.7 140.12 142.13
4 157.3 175.0 169.8 137.07 132.34 29 213.2 234.9 234.7 160.17 163.14
5 195.3 249.0 251.6 170.53 171.70 30 167.2 183.3 183.0 140.15 138.43
6 180.4 201.9 200.2 145.49 142.99 31 191.6 218.4 220.9 156.37 154.76
7 169.8 189.3 187.4 141.53 148.38 32 170.6 185.2 183.4 137.19 142.71
8 148.6 174.9 169.5 131.1 126.31 33 188.5 205.2 213.4 145.2 150.92
9 151.5 165.4 159.9 128.66 123.46 34 197.5 225.3 227.9 157.83 160.83
10 139.0 146.8 141.3 120.11 115.87 35 176.7 189.9 185.6 140.94 140.60
11 136.0 135.6 137.3 115.58 113.26 36 184.0 197.2 193.5 144.98 143.41
12 154.6 163.8 168.5 127.82 128.03 37 168.5 186.2 183.1 140.26 140.22
13 171.0 182.6 185.0 135.57 140.36 38 173.8 184.1 182.9 139.02 134.49
14 237.0 268.0 272.4 178.18 179.03 39 174.8 190.1 185.9 142.90 143.84
15 157.0 164.1 167.4 127.57 129.27 40 199.9 234.6 239.2 163.07 166.41
16 197.2 224.2 222.1 157.26 158.29 41 178.9 196.6 196.8 148.95 144.30
17 184.8 204.6 202.4 149.55 149.14 42 181.5 202.7 207.8 149.03 145.33
18 194.0 223.6 226.6 156.49 155.33 43 178.2 194.0 193.2 142.17 144.26
19 190.6 200.2 201.4 145.02 145.48 44 166.6 184.0 187.9 137.59 136.83
20 166.0 174.2 173.7 133.22 135.01 45 182.7 188.1 185.0 135.85 137.97
21 186.0 202.3 207.3 150.71 153.99 46 223.7 249.7 252.8 167.40 175.23
22 165.0 173.2 174.1 133.45 130.51 47 166.3 176.5 173.7 136.51 131.20
23 188.0 204.0 209.2 145.25 153.68 48 163.4 178.9 180.3 136.17 135.87
24 186.5 200.9 201.3 143.50 147.51 49 172.8 182.3 187.3 137.59 129.49
25 224.6 257.4 259.0 177.97 174.47 50 172.1 180.7 178.2 138.51 135.03
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The proposed system consists of two CCD camenabere: B is theRGBvalue of background image pixelzB
(PROLINE UK, Model 565s with 510 by 492 pixel resoluthe RGB value of fruit image pixel and ¢ is the standard
tion), two capture cards (WinFast DV2000 with a resolutiotievigion of background image. This method of background
320Hx240V), an appropriate lighting system and a persorsgigmentation produces slight shadows underneath of the
computer (PC) (Fig. 1). The cameras had a CS lens mountjtimage. To correct for this overestimation we used infor-
a focal length of 3.5-8 mm, 510x492 pixel resolutions, andation about the shadow histogram, by determining upper
provided a resolution of 480 vertical TV lines. The camerasd lower threshold limits. This simple technique worked
were mounted about 25 cm above the belt and powereddatisfactorily for orange as well as other citrus fruits tested.

a 24V power supply. The number of pixels in the foreground (fruit) has to be
scaled in order to convert (map) the total number of pixels
into areal area/volume value. The constanig(§tale factor

of surface area) and g (scale factor of volume) of =0.487

102 and G0=0.295 10> were obtained after rationing the
real and measured area/volume of a perfect sphere, respec-
tively. The Ggand G, are eventually used to convert units of
measurement from pixels to érand cnf, respectively.

The volume and surface area of a conical frustum can be
calculated using equations that are commonly found in
mathematics handbooks (Szirtes, 2006). Consider the 3-D
representation of the orange (Fig. 2). Conceptually, we di-
Fig. 1. Proposed machine vision system. vide the image of the fruitinto a number of frustums of right

cylindrical cone (Fig. 2b). These elementary cylindrical ob-

To provide uniform lighting, four fluorescent tubes, plal€Cts are assumed to be of equal pixel heighas shown in
ced above the conveyor, were used. The position of thig- 2d- The volume of the orange may then be estimated by
lighting tubes was adjusted to provide uniform, well illumiSUmming the elementary volumes of individual cylinders.
nated and shadow-free images of fruit. The light source ahf€ required dimensional attributes are the top and bottom
cameras were mounted on a frame and were attached toqﬁé‘neters andthe h_elght ofthe frustumas shovyn n Fig. 2c, d.
measurement table. A white cardboard was used as back- The cross-sectional areas through the elliptical frustum

ground surface to facilitate and simplify the segmentaticgﬁ‘i andA_”l in l_:ig. 2d) can be calculgted using the two
eerpendlcular diameters (Fig. 2c) obtained by the cameras.

task. Signals from orange samples were captured by %a ‘ d ellipsoidal 1o i th
camera, transferred to the PC through the video capture ca ese surfaces are assumed €flipsoidal 1o Increase the

digitised, and stored on the PCRGB(red, green, blue) co- system accuracy. To be axi-symmetricin thls_ co_ntext, allthe
rgp'yss-sectlons onthe x—y plane should be elliptical. The area

lour space. A program was developed to capture and re08¥

the surface images of the orange. Algorithms were im. ¥ 1S given by = 1, 2""’;):(1_
plemented using Visual Basic 6.0 programming language. A=p L'Z' (3)
The image processing aspect of this study comprises 4

three stepshackgroundegmentatiofimage enhancementswhere:di; anddi, are the two perpendicular diameters of

and dimensional calibration. In order to remove the backvrface (Fig. 2c). The accuracy of estimafgdlepends on

ground from fruit images, firstly an image from the backn€ position of minimum and maximum diameters of the

ground is captured. By determinationRfG, andB values ©range surface. The volume of each frustn(i=1, 2, ...,n)

for all pixels of background, standard deviation of thi$ then calculated by:

images are then calculated and stored in the database. Once V, = Ait A d, (4)

the image of the fruit is captured, tR&Bvalue of any pixel 2

in the image can be computed by Eq. (1): where:A; andA;; 1 are, respectively, the top and the bottom

6 surface areas afandi+1 segments, and is the frustum

P(X.,Y)= B2'% G2% R 1) pixel height, as shown in Fig. 2d. All frustums have equal

H]ickness. Once the volume of individual frustums is ob-

The RGBvalues in the fruit image are then compare .
ined, the total volume of the orange can be readily calcu-

with that of the stored information on the background imagﬁ% . i
available in the database. If the difference between the t\fvict)ed by adding them up: n
RGB values is less than@3 then it is regarded as the Vip = &V, (5)
background, else it is fruit: i=1
where:Vp is total volume of the orange calculated by the
If |Ps - Pr|£ 36, then Pixel = Background, (2) jmage processing®) method.
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Fig. 2. Axi-symmetric geometry: a— 3-D view of an orange, b — segmentation of orange into a number of frustums of right elliptical cone,
c —extracted diameters of a frustum from the two cameras: side-view from the z-axis, and d — thickness of a frustum and its surface areas:
zoomed-in view of a frustum of right elliptical cone.

the object can be covered with tape strips, and also on

_ The surface areay, (i= 1, 2, ..., n), that is the 1,y exactly the area for these tape pieces can be measured.
circumferential or lateral surface area of each frustum, c@e TM has been found time-consuming, labourinten-
be calculated from the following expression: sive and prone to human error (Mohsenin, 1970; Sabilov

0 et al, 2002).
S = Z(o|1+ d dyh da ) _ The pairedt-test and the mean difference confidence
interval approach are used to compare the volume and surfa-

Z ce area determined by the image processig &ndSp)
d2+aedi1+ di, ) dp1t 4y 1 ©6) techniques and the actual valu¥§o, andSryy). Also, the
é 4 4 e Bland-Altman approach is used to plot the agreement bet-
ween the calculated and measured orange volume/area
The total surface area can be determined by adding them yBland and Altman, 1999). The statistical analyses were per-
n formed using the Excel Analysis Toolpack option (MS

Sip = iils (!) " Corporation, Redmond, WA, USA).

where:Sp is the total surface area of orange using tRe
method.

The actual volume of oranges can be measured using the The volume determined by the image processif) (
water displacement method\(py). In this method, the technique was compared with the mean volume measured
object is completely submerged in water and the mass of figthe water displacement methd@/PM). The results of
diSplaced water measured (MOhsenin, 1970) Even thOL@:h'nparison between predictedPI and experimenta|
this method is quite accurate, it is not ideal for objects thafyDM) values with B=0.9852 are shown in Table 1 and
absorb water, and for some products this approach mightlg. 3. The mean volume difference betweBrandWDM
considered intrusive or destructive. wasd;=-0.15 cnt (95% confidence interval: -1.12 and 0.82

The actual surface area of oranges can be measusaff). The standard deviation of the volume differences was
using the tape methodSfyy). In this method, the tape issg;= 3.41 cnf. The pairedt-test results showed that the
usually cut into small strips to fully cover the surface of th@olume computed witHP method was not significantly
object, then these strips are peeled off and the total argifferent from the volume measured witDM (P = 0.7540)
is measured either by hand or by an areameter. The accur@@ble 2). The volume differences between the computed
of this method is heavily dependent on how preciselhd experimental results were normally distributed. 95% of

RESULTS AND DISCUSSION



DETERMINATION OF ORANGE VOLUME AND SURFACE AREA 241

Table 2.t-test analyses on comparing volume and surface area
measurement methods

Parameters Volume Surface area
(Vwom andVp) (Srm andSp)

Pairedt-test 0.7540 0.8371

95% confidence -1.12; 0.82 -0.097; 1.19

interval for the
mean difference

the volume differences are expected to lie betwhel.96d;
and d;+1.96sd; (known as 95% limits of agreement, Bland
and Altman, 1999). The 95% limits of agreement for
comparison of volumes computed witimethod and mea- Fig. 3. Comparison of computed and measured volume of oranges
sured withVDMwere -6.67 and 6.98 c?‘r(Fig. 4). Also from with image processind®) method and water displacement method
the results shown in Fig. 4, we can conclude that orange &
has no effect on the accuracy of estimated volume. Recently,
Koc (2007) determined the volume of watermelon by means
of IP technique using circular discs. However, he concluded
that as the size of the watermelon increases|Rhaethod
overestimates the volume. This increase (or overestimation)
in the volume seems logical since larger watermelons are
nearer to the camera. However, the improvement achieved
in the present study may be attributed to the more
sophisticated image processing method used here; using two
cameras instead of one, and implementing a more accurate
algorithm through the elliptical frustum instead of simple
circular discs for volume estimation.
A plot of the surface areas computed usiRgnethod
and the tape method ) is given in Table 1. The results of
comparison between predictd®) and measurediM) va-
lues with R=0.9296 are shown in Fig. 5. The mean surfa

are? dlffergnce bgt\Neen .the two methods “EEE 0.11 Cn% water displacement¥DM); outer lines indicate the 95% limits of
(95% confidence interval: -0.97 and 1.199nThe standard agreement (-6.67; 6.98m°) and centre line shows the average
deviation of the surface area differences was= 3.80 cnf.  difference (0.1%n7).

The pairedt-test results showed that the surface area
measured withP method is not significantly different than
the actual surface area measured@by(P=0.8371) (Table 2).
The surface area differences betwdBnmethod andTM
were also normally distributed and the 95% limits of
agreement in comparing these two methods were calculated
tobe 7.70and 7.48 c%(Fig. 6). Figure 6 shows that orange
size has no effect on the accuracy of estimated surface area.
There are some situations in which it is desirable to
determine relationships among physical characteristics; for
example, fruits are often graded by size, but it may be more
economical to develop a machine vision system which gra-
des by mass (Bailegt al., 2004). The size of an agricultural
produce is frequently represented by its mass because it is
relatively simple to measure. Lorestani and Tabatabaeefar
(2006) obtained empirical equations for modelling the ma&¥- 5. Comparison of computed and measured surface areas of
of kiwi based on physical attributes. However, the volum@'anges withimage processing] method and tape methaai).

d:eig. 4. Bland-Altman plot for the comparison of orange volumes
computed with image processing] method and measured with
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3. The Bland-Altman approach shows that the size of
orange has no effect on the estimation of volume and surface
area of oranges.

4. The regression analysis indicates that volume and
mass of the oranges are highly correlate%iz(]@B).

5. The method presented here is quite general and may
be readily extended for volume and surface area compu-
tation of other axi-symmetric fruits such as melon, kiwifruit,
pomegranate, and pear.
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