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Development of a Remote Measuring Method for
Volumes of Attached Fruits Like Rotational Bodies Using Its Digital Images

Takanori Yamamoto* and Yoshimi Yazawa

Faculty of Agriculture, Yamagata University, Tsuruoka, Yamagata 997-8555

Abstract

A remote measuring method for volumes of fruit like rotational bodies was developed using digital images, and the precision
of this method was examined using detached fruits. Further, based on these principles, remote measurement of volumes of
attached fruits in an apple cultivar and a pear were carried out seasonally using several types of field photography devices. Each
coordinate on a fruit outline in a side photograph was read in pixel units along the fruit shaft using an image analysis program.
The volume of each very thin rotational disk composed of each radius and one pixel thickness was calculated and totaled.
Cavity volumes were similarly calculated from cavity outlines in other images photographed at a 45-degree angle. The latter
was used to deduce the fruit volume from the former. The relations between the measured volumes and the remote measured
volumes were fairly good in several cultivars of apple, pear and grape. Photography for remote measuring in the field became
possible using a device that allowed regulation of the height and angle in simultaneous photographs from two directions and

maintained the attitude of cameras at 45 degrees.
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Original photograph

Fig. 2
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A side photograph of an apple fruit (left), the binary image (middle) and a part of the matrix of the binary data (right). A circular plate
in the left indicates a scale plate on the surface nearest the camera.
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Original photograph and
a free outline of cavity

Fig. 4
(middle) and part of the matrix of the binary data (right).
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An image of the stalk cavity in an apple photographed at a 45 degree angle and a free outline of the cavity (left), the binary image
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Fig. 5  The scale of the cavity image photographed at a 45 degree

angle. WD, r, FL and P indicates the working distance, the
maximum fruit radius, the fruit length and fruit center,
respectively. d indicates depth at a point R on the free line of
the cavity (QS), and was calculated by a program using the
binary data.
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Fig. 6 The schema of a device for photographing attached fruits in the field.
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Table 1 Seasonal changes in degrees of rotundity of fruit cross section at different positions along the fruit axis in the several cultivars. The
smallest numeral and the largest numeral indicating position refer to the base and tip, respectively. Each degree of rotundity was the
mean value of two samples at each position.

Fuji Position Starking Delicious Position
Date 1 2 3 4 5 6 Date 1 2 3 4 5 6
5/25 0.44 0.54 0.70 0.62 0.45 0.55 5125 0.75 0.73 0.78 0.66 0.51 0.59
6/14 0.86 0.93 0.94 0.93 0.79 0.71 6/14 0.79 0.92 0.94 0.92 0.89 0.64
7/8 0.62 0.72 0.87 0.83 0.67 0.71 7/8 0.71 0.77 0.75 0.85 0.68 0.88
7/30 0.74 0.79 0.83 0.70 0.80 0.77 7/30 0.86 0.81 0.94 0.79 0.86 0.66
8/10 0.88 0.95 0.92 0.88 0.78 0.66 8/10 0.95 0.95 0.93 0.88 091 0.85
8/27 0.75 0.91 0.95 0.89 0.85 0.74 8/27 0.91 0.95 0.95 0.93 0.92 0.89
9/9 0.87 0.95 0.94 0.86 0.79 0.95 9/8 0.83 0.94 0.95 0.94 0.91 0.87
9/30 0.93 0.93 0.95 0.95 0.82 0.93 9/30 0.93 0.95 0.95 0.95 0.92 0.93
10/17 0.91 0.96 0.96 0.96 0.85 0.96
10/30 0.87 0.95 0.96 0.93 0.95 0.90
11/10 0.92 0.96 0.95 0.89 0.95 0.95
La France Position Bartlett Position
Date 1 2 3 4 5 6 Date 1 2 3 4 5 6
6/23 0.55 0.66 0.75 0.85 0.77 0.53 6/23 0.75 0.81 0.87 0.86 0.78 0.63
7/12 0.60 0.65 0.70 0.78 0.81 0.70 7/14 0.77 0.89 0.89 0.88 0.83 0.83
7/30 0.73 0.81 0.88 0.89 0.85 0.87 7/30 0.71 0.83 0.86 0.81 0.74 0.80
8/9 0.72 0.83 0.91 0.78 0.83 0.71 8/9 0.78 0.91 0.91 0.91 0.87 0.77
8/28 0.88 0.90 0.88 0.90 0.82 0.88 8/28 0.80 0.90 0.81 0.87 0.81 0.73
9/6 0.78 0.92 0.94 0.94 0.93 0.85 9/4 0.95 0.95 0.93 0.91 0.94 0.74
9/30 0.80 0.93 0.95 0.92 0.90 0.71
10/16 0.88 0.93 0.88 0.93 0.89 0.90
Hiratanenashi Position Satoh Nishiki Position
Date 1 2 3 4 5 Date 1 2 3 4
7/16 0.81 0.70 0.83 0.87 0.72 5/22 0.84 0.87 0.80 0.85
7/30 0.78 0.84 0.75 0.85 0.64 6/14 0.74 0.63 0.79 0.77
8/10 0.88 0.76 0.76 0.76 0.86
8/28 0.66 0.56 0.57 0.67 0.54
9/5 0.61 0.64 0.72 0.75 0.66
9/30 0.91 0.91 0.92 0.90 0.82

10/17 0.93 0.94 0.94 0.87 0.88
10/30 0.88 0.92 0.86 0.84 0.89
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Table 2 Relationships between the remote measured volume (y) and the measured volume (x) in several fruits and spheres, relationships
between x and the calculated volume (v) using equation of ellipse sphere, and other information, viz. range of volume, method of

volume measurement and range of specific gravity.

. Equations of 2 Equations of ) Range of Method of volume  Range of specific
Objects . R . n’ 3 . 5
y using x v using x volume (cm”) measurement gravity (gem™)
Apples
‘Fuji’ y=0.97x+9.98 098 v=0.90x+1047 097 23 8.4-311.1 SG* 0.863—-1.344
‘Starking Delicious” y=0.95x +14.85 0.99 v=0.89x+13.98 099 17 16.2-337.5 SG 0.835-1.337
‘Jonathan’ y=0.92x+10.50 097 v=0.87x+10.78 0.97 19 8.0-222.3 SG 0.775-1.678
‘Ralls’ y=1.00x+10.51 097 v=091x+11.70 0.98 19 9.2-288.2 SG 0.886—-1.521
‘MclIntosh Red’ y=098x +13.27 098 v=092x+13.73 097 19 20.3-264.5 SG 0.803-1.309
Pears
‘La France’ y=1.03x-6.16 099 v=1.06x+7.32 0.98 18 8.0-249.9 SG 1.011-1.842
‘Bartlett’ y=134x+1.11 099 v=1.69x-2.02 093 14 11.6-255.0 SG 1.359-1.739
Grapes
‘Kyoho’ y=0.83x+124 090 v=0.83x+1.22 0.90 13 1.3-10.7 SG — LSV 1.421
‘Aki Queen’ y=1.03x+029 099 v=1.02x+0.25 098 13 1.5-18.8 SG — LS 1.616
Spheres y=1.06x-0.89 099 v=1.00x+ 0.00 1.00 5 1.3-26.0 CSvY
Total y=1.00x+7.89 0.97 v=0.96x+10.42 0.92 160 1.3-337.5

“Coefficients of determination of formulas.

Y Number of samples.

*Method using specific gravity.

" Liquid substitution method during maturation period.
¥ Calculated value using sphere volume equation.
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Fig. 7  Relationships between the measured volumes and the

remote measured volumes of the fruits in several cultivars
and spheres.
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Fig. 8  Seasonal changes in the remote measured volumes, the

lengths and the two cross sectional diameters of fruits on the
lateral branches with different leaf-fruit ratios in ‘Fuji’ and
the calculated values using the fomula of the ellipsoidal
sphere volume.
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Fig.9  Seasonal changes in the remote measured volumes, the
lengths and the two cross sectional diameters of fruits on the
lateral branches with different leaf-fruit ratios in ‘La France’
and the calculated values using the formula of the ellipsoidal
sphere volume.

Table 3 The correlation coefficients (r) between the leaf-fruit
ratios and the increments of the several parameters of fruit
size 73 days after defoliation treatment in ‘Fuji’ and that 74
days after in ‘La France’.

Cultivars Fuji La France
Parameters r n* r n
Cross diameter 1 0.828**Y 8% 0.517 ¥
Cross diameter 2 0.744%*Y 8 0.850%* 9
Fruit length 0.803** 8 0334 9
Volume as an ellipse sphere 0.888** 8 0.633 9
Remote measured volume 0.905***Y 8 0.861** 9

“Numer of observations.

Y ** and *** indicates significance at the 5%, 1% and 0.1%
level, respectively.

*Eight stages in leaf-fruit ratio (2.0, 4.0, 8.0, 9.0, 15.5, 18.5, 31.3
and 47.0).

“Nine stages in leaf-fruit ratio (14.0, 16.4, 22.8, 23.0, 38.0, 42.5,
56.0, 66.0 and 92.0).
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