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using computer vision
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Abstract: Image processing techniques are increasingly applied in sorting applications of agricultural products. This work has
assessed the use of image processing for inspecting surface color of two Thai mango cultivars. A computer vision system
(CVS) was developed and experiments were conducted to monitor peel color change during the ripening process. Conversion
of RGB to CIE-LAB values was done via image processing and prediction models were developed to estimate color parameters
from CVS data. Performance evaluations showed insufficient prediction for L values (R* = 0.42-0.58), but better results for A
and B values (R*=0.90-0.95 and 0.80-0.82, respectively). Compared to the calculated color values hue angle and chroma, a
yellowness index computed from intermediate XYZ values was found to be much more adept at accurately predicting peel color
from CVS data. Correlations were strong for both cultivars (R* = 0.93 for ‘Nam Dokmai’ and R* = 0.95 for ‘Maha Chanok’).
Results from classification analysis indicated satisfactory results for classifying fruits according to ripeness based on yellowness.

Success rates of true positives in the categories unripe, ripe and overripe ranged 72%-92% for ‘Nam Dokmai’ and 98%-100%

for ‘Maha Chanok’. Therefore, it was shown that the CVS was capable of producing accurate color values for the two mango

cultivars investigated. The findings of this study can be incorporated for development of a robust system for quality prediction

and establishment of a CVS for automatic grading and sorting of mangos.
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1 Introduction

For agricultural products, color influences consumer
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perception more than any other factor. Color is often
regarded as an indicator of flavor, edibility, shelf life and
nutritional value, since it is related to the physical,
chemical and sensory properties of food". Many
climacteric fruit crops (e.g. mango, papaya, banana)
undergo significant color changes during postharvest
ripening[z] and thus peel color becomes a main
characteristic of fruit quality, playing a dominant role in

3
consumer acceptance[ ].

Thailand is one of the key
mango producers globally. Production has increased by
a factor of 2.7 in the last two decades, meanwhile
becoming the second largest mango exporter in the world
and reaching an annual harvest of almost 3.3x10° t in
20147,

done by visual inspection, based on physical and

However, local fruit sorting techniques are

morphological characteristics as well as on visual
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evaluation of external appearance'®. Unfortunately, the
current sorting methods are not consistent to properly
classify fruits according to quality criteria closer to those
required by international regulations. Thus, there is an
essential need for inexpensive and non-destructive
sensing technologies capable of sorting fruits according
to their external and internal properties to meet the
demands of high-value markets.

Visual inspection by humans is highly subjective,
laborious and time-consuming. An alternative method is
required which is suitable to evaluate quality
characteristics of products, e.g. by image processing. In

sorting lines, a computer vision system (CVS) is usually

engaged to acquire and analyze digital images
automatically. A CVS can be constructed using a
standard illumination source, a camera for image

acquisition coupled with hardware and software to

capture and process the image. In the agricultural sector,

(7]

the tasks of CVS are various'”, with many applications

for the inspection of fruits and vegetables™'?.  For fruits,
CVS is commonly utilized for size and shape
determination®! and detection of defects!'*'®.  For

mango specifically, several works exist concerning the
P cvsS s

also widely developed for analyzing the color of

use of a CVS for size-mass measurements!

foodstuffs?*??, with many cases already presented for

fruit products®*~2¢.

However, studies on the use of a
digital color measurement system to determine the color
of different mango cultivars is so far lacking. Color
parameters of mango have already been evaluated to
show significant correlations with fruit quality!®>*.
While the use of a CVS to obtain the color values of a
dm], further

studies are needed in order to realize a viable CVS for

green-red cultivar has been investigate

assessment of mango color and the approach of previous
researchers should be extended to additional varieties.
More investigation needs to be carried out to develop a
fully-functioning automated sorting and grading system
for commonly traded mango cultivars.

In the mango industry, scale charts are often used to

34,35 .
34351 Devices

evaluate fruit color by visual comparison
such as a colorimeter are able to precisely measure the
surface color of products, but digital camera technology

has the advantage of acquiring a large number of images

and providing continuous spatial information without
contact between the device and object. Digital imaging
obtains the color of any pixel in the red, green and blue
(RGB) bands.

order to transform RGB readings into CIE-LAB color
36]

Different models have been tested in
values! However, RGB measurements obtained from
a camera are device-dependent and calibration is
required”'.  This study intends to investigate the
application of image processing for measuring peel color
in two typically exported Thai mango cultivars. The
following objectives have been developed to be addressed
in the study: identify a suitable and economic image
acquisition unit for color evaluation of mango fruits;
evaluate correlations between reference color values and
image data; and test a prototype CVS for monitoring
color change of mango fruits at different color stages

during ripening.
2 Materials and methods

2.1 Materials

Two important export cultivars of Thai mango,
namely ‘Nam Dokmai’ and ‘Maha Chanok’ were used for
the experiments (Figure 1). ‘Nam Dokmai’ has a
homogenous light yellow-green peel color, while a blend
of yellow, green and red is characteristic for ‘Maha
Chanok’.
cultivar ‘Nam Dokmai’ has shown a high variability in

peel color at harvest®*.

Previous research on harvest maturity of the

This range and variation of
color makes it motivating to investigate such cultivars.
Export-grade fruits harvested at a hard mature green

7l were obtained from a local distribution company.

stage[3
Fruits were checked for any external injuries and
blemishes and were subjected to hot water treatment in
order to reduce the presence of fruit flies, anthracnose and
other diseases. For the evaluation of color, 80 fruits of
each cultivar were used per trial.
‘Nam Dokmai’ and ‘Maha Chanok’
(393.7£71.1) g and (368.9£72.8) g, respectively. Fruits

were allowed to ripen for up to eight days in baskets

The sample weight of

fruits were

covered with tissue paper under natural atmospheric
conditions (temperature of 31.8°C+1.2°C and relative
humidity of 70.3%=5.7%), depending on fruit senescence
(i.e., fruits which become senescent were no longer

measured). Samples were continuously monitored



44 January, 2016 Int J Agric & Biol Eng

Open Access at http://www.ijabe.org Vol. 9 No.1

during ripening by taking optical measurements daily to
track the progress of color change. All trials were
carried out in a randomized block format and were

replicated three times.
) ’~

Image showing the variations in peel color at harvest of

Figure 1
two mango cultivars, ‘Nam Dokmai’ (top row) and ‘Maha Chanok’

(bottom row)
2.2 Computer vision system (CVS)

A prototype CVS was constructed for the purpose of
this study (Figure 2). The main components of the
system were a lighting unit, a conveyor unit and an image
acquisition unit. The lighting unit consisted of a cubical
structure (60 cm*30 cmx30 c¢cm) built for illuminating the
Fluorescent lamps (Philips TLD 18W/865)

were installed in parallel on both sides of the chamber at

samples.
45° angles to the center. The internal surfaces of the
chamber were made white to uniformly illuminate the
samples and reduce reflection from the fruit peel. Color
temperature of the lighting was 6500K (Dgs), which is
standard for food color measurements. The average
light intensity was more than 3000 Ix, which exceeded the
minimum requirement of 1000 Ix for the observation
angle of less than 10°. The illumination chamber was
installed on the frame of the conveyor unit and covered to
prevent the influence of ambient light. The dimension
of the 230 cmx62 cm.
experiments, the conveyer system was operated at a belt
speed of 0.11 m/s.

USB-camera (Logitech C905) was chosen to be installed

conveyor was During

For image acquisition, a
in the system. The camera was positioned perpendicular
to the conveyor at a distance of 44 cm above the belt.
Images of the fruits oriented on the median plane were
collected using frame-grabber software (Omega Unfold

Inc., Canada) to carry out automatic acquisition.

Camera settings were adjusted and optimized via the

The settings of the CVS
]

motion detection software.
were calibrated based on the established procedures!'
using 130 color standard palettes (Pantone LLC, U.S.A.),

which covered the range of colors typical for mango peel.

1. Conveyer assembly 2. Electric power drive 3. Fruit samples 4. Illumination

unit 5. Light sources 6. Camera 7. Control unit 8. Computer 9. Frame-

grabber software 10. Variable-frequency control

Figure 2 Diagram of the computer vision system (CVS)

constructed for the study

2.3 Color measurements of fruits

Ten fruits were randomly selected per sampling date.
Images of both sides of the fruits samples were captured
using the CVS,
measurements were taken on respective fruits using a
colorimeter (MiniScan XE PLUS, HunterLab, Reston,
USA) at three positions per side: head, middle and tip,

one side at a time. Reference

separately for both sides. The colorimeter was
calibrated with standard black and white plates provided
with the instrument. During the calibration, delta E*
was kept under 0.07. Color data were acquired using the
CIE L*a*b* color space, which is the most commonly
applied system for measurement of food color due to the
uniform distribution of colors and its close association
361 The L*a*b* system has also

been found to be the best color space for measurement of
(21

with human perception

foods with curved surfaces
2.4 Image processing and conversion of CVS data
Images in JPEG format were analyzed using ImagelJ
software (NIH, USA) to segment fruits from the
background. An elliptical area along the longitudinal

axis of the fruit image (i.e. the respective area where
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colorimeter measurements were taken) was selected for
extracting the color values. RGB data were transformed
into CIE L'a’b’ values by using conversion methods
previously applied to other mango cultivars®’. RGB
values (ranging 0-255) were normalized to R'G'B’ by
dividing each value by 255, respectively. The R'G'B’
values were converted to linear values (sSRGB), gamma
curve fitting was performed and sRGB values were
changed to XYZ coordinates using International
Telecommunication Union (ITU) coefficients. CIE
L'a'b’ coordinates were calculated from XYZ values.
The white reference values recommended by the
European Broadcasting Union for fluorescent Illuminant
F7 were used for the CIE XYZ specification based on the
color temperature of the lamps used in this study. RGB
values from the standard color palette images were
treated in the same manner for calibration of the CVS
system.
2.5 Color evaluation

The hue angle was calculated for the first quadrant
[+a*, +b*] by using the following equation:

b*
180 x Arc tan (j
a %k

he = (1)

i
where, /° is the hue angle; a* and b* are the color values
in CIE L*a*b* color space. The other quadrants had to
be handled to accommodate a 360° representation so that
the results were expressed as positive signed numbers?®,
For the second [-a*, +b*] and third [-a*, -b*] quadrants,
180 was added to Equation (1) and for the fourth [+a*,
-b*] quadrant, 360 was added to Equation (1). The

chroma was calculated by using the following equation:

C*=+a* +b* )

where, C* is the chroma; a* and b* are the color values
in CIE L*a*b* color space. The total change in color
between samples on the first and the last day of ripening

experiments was calculated by AE:

AE =~JAL* +Aa* +Ab* 3)
where, L*, a* and b* are the color values in CIE L*a*b*
color space. Additionally, a ‘yellowness’ index was

calculated by using the equation proposed by Jha et al.”*!

1.2746X —1.0574Z
I = X
’ Y
where, I, is the yellowness and X, Y, Z are the CIE

100 (4)

chromatic values calculated either from measured L*a*b*
or RGB values obtained from the CVS.
2.6 Data analysis and performance of the CVS

The values measured by colorimeter were compared
with those estimated by the CVS. Data was analyzed
using SAS software (SAS Institute Inc., USA) to evaluate
correlations between image processing and colorimeter
parameters.  Coefficient of determination (R®) and
p-values were calculated to measure the strength of the
association between the values obtained by different
approaches to indicate the ability of the CVS to collect
accurate color data from mango fruits. LAB-values
obtained from the color standards, colorimeter and CVS
were used to recreate colors of the image displayed on the
monitor using a color simulation software developed by

the Color Research Lab, Japan[39].

The similarity of the
colors of the image displayed on the monitor was
qualitatively evaluated.

Overall, large data sets were collected for both
cultivars, e.g. 558 for ‘Nam Dokmai’ and 377 for ‘Maha
Chanok’. From these data pools, 375 measurements

were randomly selected for each cultivar. For
evaluation of the CVS, these data were separated into two
groups: 300 samples were randomly assigned to the
modeling set that was used to develop the prediction
models and the remaining 75 samples were used as the
test set to evaluate the models. Prediction models were
formulated using general linear regression (GLR) in SAS
software, and additionally, were first calibrated and then
cross validated. Standard performance estimates were
used to evaluate the models, including coefficient of
determination (R?), standard error of calibration (SEC),
cross validation (SECV) and prediction (SEP) as well as

bias:

i = _ l n e 2
SEC, SECV, SEP—Jan;,(y; s

=, ] n i
bias = ;Zizl(.yj - .}i) (6)
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where, J, is the predicted value of the /™ observation; y;
is the measured value of the i™ observation and 7 is the

number of observations in the data set.
3 Results

3.1 Computer vision system
Results for comparison of the data sets are presented
in Table 1.

parameters specified on the Pantone color palettes and the

Regression analysis between the color

values measured by the colorimeter showed high
statistical significance (p<0.0001). This indicated that
the colorimeter was able to obtain accurate color data
from the color standards. Comparing the values of the
color standards against those measured by the CVS also
showed strong statistical association, but the data sets
demonstrated an exceedingly positive skew for L’ values
Thus, the

relationships between color values as measured by

and a moderate negative skew for a’ values.

colorimeter as compared with those predicted by CVS
were accordingly affected. Color simulation done by
entering tri-stimulus values into the color conversion
software are shown in Figure 3 together with the original
image from the CVS camera. As can be observed,
colors were similar when produced from the standard
palette values and the colorimeter, but considerably

different from the CVS.
Table 1 Regression determinants, including slope (1),

y-intercept (b) and coefficient of determination (R for
measurements taken on standard color palettes

L A B
Data sets
m b R m b R? m b R?
Pantone & 1.07 -1.57 098 1.07 —0.28 0.92 1.10 —0.71 0.99
colorimeter
Pantone & CVS ~ 1.20 —25.9 0.94 0.90 9.94 0.92 0.84 —3.19 0.98

Colorimeter & CVS 1.12 -21.7 0.94 0.74 9.00 0.77 0.76 —2.24 0.98

Standard Colorimeter Camera Cvs
Figure 3 Camera image (camera) of standard color palette as
compared with software-simulated colors using L*a*b* values

from the color palette (standard) and colorimeter as well as L'a’b’
values obtained with the CVS

3.2 Color prediction by CVS

Descriptive statistics are presented for the calibration

and validations sets in Table 2, where the comparability
of the data sets can be examined. The GLR analysis of
LAB-color parameters of ‘Nam Dokmai’ and ‘Maha
Chanok’ mango as predicted by the CVS compared to
those measured by colorimeter are presented in Table 3.
Results showed statistically significant associations
(»<0.0001), except for the correlation coefficient for the
L-values. In many cases, the L' predicted by the CVS
was much lower than the actual L* measured by the
colorimeter. This indicated that the illumination system
for obtaining the fruit image considerably affected the
RGB values.

residual analysis confirmed linearity of the models, based

Evaluation of calibration models using

on the distributions of calibration and validation sets.

Table 2 Descriptive statistics of the calibration and validation

sets for GLR prediction model development

Calibration (n=200) Validation (n=100)

Parameter
Mean  SD* Range Mean SD Range
Nam Dokmai
L 69.53 282 61.49-7588 69.85 2.66 62.42-74.24
A 292 414 -395-13.57 220 393 -3.99-11.12
B 3278  4.00 23.20-41.93 32.14 3.86 25.18-39.49
Maha Chanok
L 69.51 344 55.30-75.66  69.32 290 55.41-75.33
A 7.19 6.18 —7.17-16.81 7.41 6.05 —7.89-16.71
B 41.70 451 31.78-51.31  41.78 4.06 31.96-50.26

Note: * SD = standard deviation of the mean value.

Table 3 Determinants of GLR models including slope (),
y-intercept (b) and coefficient of determination (R for

prediction of LAB color parameters

L A B
Cultivar

m b R m b R m b R
Nam Dokmai 046 3544 042 0.73 1395 090 047 820 0.80

Maha Chanok 0.69 16.73 0.58 0.81 18.65 0.95 0.56 494 0.82

Since a' and b’ values were better estimated by the
prediction models, the color indexes C* and 4° were used
to evaluate the performance. As well, /, calculated from
XYZ color parameters converted from the predicted LAB
values were examined. Table 4 shows the calibration
and validation results. [/, was found to have better
correlation results for both cultivars, but slightly higher
error and bias. Whereas both 4° and /, were found to be
accurately predicted for ‘Maha Chanok’, the /, model
performed much better for ‘Nam Dokmai’. The results

of prediction model analysis indicated that the CVS
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would be able to collect accurate color data from both
mango cultivars and, in the case of /,, can be used to
monitor color change.

Table 4 Performance of GLR models for predicting color

parameters chroma (C*), hue angle (%°) and yellowness (1)

Calibration (n=200) Validation (n=100)

Parameter
R SEC  bias R SECV  bias

Nam Dokmai

Chroma (C*)  0.853 5.84  -0.0017  0.853 6.40  -0.3368
Hue angle(#°)  0.868 3.01 -0.0012  0.849 2.55 0.2556
Yellowness (,) 0.911 1026  -0.0010  0.901 9.81 0.5576
Maha Chanok

Chroma (C*) 0.86 2.83 -0.0013 0.87 3.15 0.0971
Hue angle(/°) 0.95 339 -0.0002  0.95 406  -0.5784
Yellowness (/,)  0.96 5.84 0.0017 0.96 6.65 0.2118

Note: R* Coefficient of determination, SEC standard error of calibration, SECV
standard error of cross validation
3.3 Testing of color prediction models

The prediction models were tested using the subset of
75 test samples (Figure 4). Here, it can be seen that the
error and bias was generally lower for C*, but prediction

ability was weaker with R* of 0.88 and 0.85 for ‘Nam

50 ¢ 100 ¢

Dokmai’ and ‘Maha Chanok’, respectively. Prediction
of 7° was considerably better for ‘Maha Chanok’ than for
‘Nam Dokmai’.  Strong R’ values were found for
prediction of /, in both cultivars, but models showed
higher error and bias as compared to other color
parameters. The classification performance of the I,
models was evaluated, where ripeness classes were
defined for each cultivar based on yellowness. For
‘Nam Dokmai’ fruits, unripe was defined as 1, < 60, ripe
as 60<17,<75 and overripe as [,>75, while for ‘Maha
Chanok’, unripe was defined as 1,<75, ripe as 75< [, <
95 and overripe as [, >95. Results of the classification
analysis are presented in Table 5. The ability to classify
ripeness (true positives) based on yellowness was
substantially better for ‘Maha Chanok’ with 100%
accuracy for unripe and overripe fruits and 98% accuracy
for ripe fruits. The classification performance for ‘Nam
Dokmai’ was slightly lower, with greater than 90%
accuracy for ripe and overripe fruits, while almost 30% of

unripe fruits were misclassified as ripe.

R=0.88 R'=0.85 100} R=093
. SEP=2.70 SEP=6.21 4 SEP=9.16
8 bias=0.1896 o} = Y pigy=-03422 252 bias=0.7279
© 40t P 4
g E! 2 so0f
E £ E:
g P 2
B (0] z 80F = (o)
] = o
o - _:‘
= F
3 & @, ‘ié 70 S o
- F =
£ o &&0 J 2 &
2“ ' 1 I} [‘n ' ' ' J 4“ i ' L J
20 30 40 50 60 70 80 90 100 40 60 80 100
Predicted chroma, C*,,, Predicted hue angle, h°,. Predicted yellowness, [, .
a. Nam Dokmai
50 100
R=0.85 R'=0.94 100 b R=0.95
SEP=2.23 SEP=3.02 SEP=4.95
2 | Das=01140 : 0 bias=-01019 o 4 p bias=0.2052 =
= b o
£ E 80 OO '?;
B = [0 8] -
3 30} 2 2 ef
2 2 w0} 0 T
-9 = &
QU 1 1 1 60 1 1 1 J 4[, " M M M
20 30 40 50 60 70 80 90 100 40 60 80 100

Predicted chroma, C* .

Predicted hue angle, h°,.

Predicted yellowness, [, ..

b. Maha Chanok

Figure 4 Performance of the models for predicting color parameters chroma (C*), hue angle (4°) and yellowness () using the test data set

(n="75); R* is the coefficient of determination and SEP is the standard error of prediction
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Table 5 Classification results for prediction of mango

ripeness according to yellowness (1)

Predicted group

Actual group

Unripe* Ripe Overripe
Nam Dokmai
Unripe 72 (13)** 28 (5) 0(0)
Ripe 0(0) 92 (32) 8(3)
Overripe 0(0) 9(2) 91 (20)
Maha Chanok
Unripe 100 (9) 0(0) 0 (0)
Ripe 2(1) 98 (41) 0(0)
Overripe 0(0) 0(0) 100 (24)

Note: * ‘Nam Dokmai’: unripe = [,<60, ripe = 60 < 1,<75, overripe = I, >75,
‘Maha Chanok’: unripe = 1, < 75, ripe = 75 < [, < 95, overripe = 1, > 95.
** Values give in percentage with absolute number of correctly classified

fruits in parentheses.

4 Discussion

Mango fruits are typically harvested at the unripe
‘mature green’ stage for export. However, a high
variability in stage of ripeness usually exists at harvest
(Figure 1).
processes which are able to group fruits by degree of
Based on the results of this study, the CVS

system becomes a suitable option for general evaluation

Thus, there is a need for precise sorting

ripeness.

of the degree of ripeness of the studied mango cultivars
based on prediction of yellowness.

The high global diversity of mango cultivars results in
wide variations in phenotypical attributes. Mangos are
classified into two races: monoembryonic (subtropical)
and polyembryonic (tropical) with the generalization that
subtropical cultivars usually exhibit the ‘bicolor’
characteristic of green peel with a red shoulder, while the
tropical cultivars are normally considered to be ‘all
yellow’ (although some mango cultivars can even exhibit
Both

cultivars included in this study can be considered the

extraordinary hues of red, purple and blue).

tropical ‘all yellow’ type, with the cultivar ‘Maha
Chanok’ variably exhibiting development of a red
shoulder. In addition, all ‘Nam Dokmai’ fruits used for
the experiments were wrapped in carbon-lined bags
during field growth stages. This production practice
produces pale yellow instead of green fruits and increases
the percentage of the skin area with golden yellow color

after ripening*”. Fruits with golden yellow color are

comparably better in appearance, which is preferred by
consumers.

In mangos, the green color represents chlorophyll
content and the yellow color relates to carotenoid content,
while anthocyanins are responsible for red shoulders.
The light absorption behaviors of these pigments are
distinctly different. Chlorophylls have absorption peaks
in the blue (450-500 nm) and red (620-700 nm) part of
the spectrum while carotenoids absorb most strongly the
blue (450-500 nm) and anthocyanins show absorption
peaks in the green-yellow (500-650 nm). In the case of
the cultivars used in this study, it was mostly the yellow
spectrum that was reflected back to the camera. In case
of fruits which are not bagged during growth, peel color
would be green at harvest and a red shoulder would be
present in the case of ‘subtropical’ cultivars. Therefore,
different ranges of the visible spectrum are being
The light source for the CVS
color measurement was a standard fluorescent with a
It could be that other

broad-spectrum light sources such as halogen lamps

reflected in each case.

specific illumination spectrum.

might be more appropriate for measurement of yellow
products. Congruently, the color of yellow bell peppers
light

correlations between RGB values and b* values from the
[25]

evaluated under halogen was found good
colorimeter

Previous research found that the applied conversion
models could be used for bicolor fruits, namely the ‘B74’

cultivar?”.,

In this study, the calibration model was
tested for the color measurement of two Thai cultivars.
The study showed that the color measurement of the
‘Maha Chanok’

Dokmai’.

was more accurate than the ‘Nam

Therefore, it may be that the proposed
calibration models are more suitable for bicolor fruits!*'.
It should be noted, however, that the range of colors was
broader for ‘Maha Chanok’ than for the ‘Nam Dokmai’
which was quantified by the difference in AE values
(14.18+6.91 10.98+1.81, which

indicated the color difference between samples at the

and respectively),

beginning and end of ripening. Nonetheless, other
research has demonstrated the ability of CVS data
obtained under a similar setup and using the same

conversion models correlated well with those from visual
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(23]

and instrumental color assessment of bananas™’".

According to other studies, advanced modeling

approaches for the calculation of LAB-values from RGB

values might improve results”®**].

This may explain the
increase of errors introduced by using the direct model.
However, the advantage of the direct model would be less

execution time of calculation processes.
5 Conclusions

According to the findings of this study, it can be
concluded that there was a good estimation of CIE-LAB
values by using RGB values from the CVS. Results
indicated that L values were considerably influenced by
the illumination system, whereas both A and B values
could be accurately predicted. In addition, a yellowness
index calculated from XYZ values from image processing
was found to be most suitable for the color estimation of
the examined mango cultivars. This study showed that
an economical USB camera could be successfully applied
for color measurement of the two mango cultivars
investigated. However, fine-tuning of the CVS system
would undoubtedly help to achieve a higher accuracy of
the color measurement. For example, broad-spectrum
and more uniform illumination, optimal conveyor speed
and optimization of camera settings would all be possible
The developed CVS shows

an encouraging potential for the application in automatic

strategies for improvement.

sorting and grading of fruits for the mango handling
industry in countries where yellow mango cultivars are

produced.

Acknowledgments

This study is a part of SFB 564 “The Uplands
Program” funded by Deutsche Forchungsgemeinschaft
(DFG), Germany and co-funded by the National Research
Council of Thailand. A thesis research grant was also
provided by the Foundation fiat panis. We gratefully
acknowledge their financial contributions. In addition,
the authors wish to express their appreciation to the
students and staff of the Silpakorn University as well as
the kind support of the Swift Co., Ltd., Thailand. The
authors would like to dedicate this work in honor of Mr.

Paichayon Uathaveekul.

(2]

[3]

(]

[10]

[15]

[References]

Lawless H T, Heymann H. Color and Appearance.
Sensory Evaluation of Food, Food Science Text Series.
New York: Springer; 2010. pp. 283-301.

Grierson W. Fruit development, maturation and ripening.
In: Pessarakli M editor. Handbook of Plant and Crop
Physiology. New York: Marcel Dekker; 2002. pp. 143-159.
Crisosto C H, Crisosto G M, Metheney P.

acceptance of ‘Brooks’ and ‘Bing’ cherries is mainly

Consumer
dependent on fruit SSC and visual skin color. Postharvest
Biology and Technology, 2003; 28(1): 159-167.

UNCTAD.
Geneva, Switzerland: United Nations Conference on Trade
and Development (UNCTAD); 2012.

OAE. Office of Agrcultural Economics: Agricultural
Production Statistics 2014. Bangkok, Thailand; 2015.
Tautho C C, Satonero L A, Tautho Y C, Lariosa E A.

Production, postharvest handling and marketing practices of

Commodity profile: Mango. Volume 2012.

mango growers in Bukidnon [Philippines].
Journal of Crop Science, 2002; 27(1): 37.

Chen Y-R, Chao K, Kim M S. Machine vision technology
for agricultural applications.
Agriculture, 2002; 36(2-3): 173-191.

Blasco J, Aleixos N, Molt6 E. Machine vision system for

Philippine

Computers and Electronics in

automatic quality grading of fruit.
2003; 85(4): 415-423.
Cubero S, Aleixos N, Molt6 E, Gémez-Sanchis J, Blasco J.

Advances in machine vision applications for automatic

Biosystems Engineering,

inspection and quality evaluation of fruits and vegetables.
Food and Bioprocess Technology, 2011; 4(4): 487-504.
Zhang B, Huang W, Li J, Zhao C, Fan S, Wu J, Liu C.
Principles, developments and applications of computer vision
for external quality inspection of fruits and vegetables: A
review. Food Research International, 2014; 62: 326-343.
Wu D, Sun D-W. Colour measurements by computer vision
for food quality control — A review. Trends in Food Science
and Technology, 2013; 29(1): 5-20.

Ismail W I W, Razali M H. Machine vision to determine
agricultural crop maturity. In: Eissa A A editor.
Vital Food and Control Engineering. doi: 10.5772/26213:
InTech (online); 2012. pp. 115-118.

Omid M, Khojastehnazhand M, Tabatabacefar A.
Estimating volume and mass of citrus fruits by image

Trends in

processing technique.
100(2): 315-321.
Jarimopas B, Pushpariksha P, Singh S P.

Journal of Food Engineering, 2010;

Postharvest
damage of mangosteen and quality grading using mechanical
and optical properties as indicators. International Journal of
Food Properties, 2009; 12(2): 414 — 426.

Li Q, Wang M, Gu W. Computer vision based system for
apple surface defect detection.

in Agriculture, 2002; 36: 215-223.

Computers and Electronics



50

January, 2016 Int J Agric & Biol Eng

Open Access at http://www.ijabe.org

Vol. 9 No.1

[16]

[20]

(21]

(22]

(23]

[24]

(23]

[26]

(27]

Leemans V, Destain M F. A real-time grading method of
apples based on features extracted from defects. Journal of
Food Engineering, 2004; 61(1): 83-89.

Spreer W, Miiller J.

(Mangifera indica, cv. Chok Anan) from its geometric

Estimating the mass of mango fruit

dimensions by optical measurement. = Computers and
Electronics in Agriculture, 2011; 75(1): 125-131.
Chalidabhongse T, Yimyam P, Sirisomboon P. 2D/3D

vision-based mango’s feature extraction and sorting.
ICARCV '06 9th International Conference on Control,
Automation, Robotics and Vision; 2006; Singapore. p 6.

Schulze K, Nagle M, Spreer W, Mahayothee B, Miiller J.
of different

estimation of mango fruits

Development and assessment modeling

approaches for size-mass
(Mangifera indica L., cv. ‘Nam Dokmai’).
Electronics in Agriculture, 2015; 114: 269-276.

Yam K L, Papadakis S E. A simple digital imaging method

Computers and

for measuring and analyzing color of food surfaces. Journal
of Food Engineering, 2004; 61(1): 137-142.

Mendoza F, Dejmek P, Aguilera J M. Calibrated color
measurements of agricultural foods using image analysis.
Postharvest Biology and Technology, 2006; 41(3): 285-295.
Pedreschi F, Leén J, Mery D, Moyano P. Development of a
computer vision system to measure the color of potato chips.
Food Research International, 2006; 39(10): 1092—-1098.
Mendoza F, Aguilera J] M. Application of image analysis
for classification of ripening bananas. Journal of Food
Science, 2004; 69(9): 471-477.

Garrido-Novell C,

Fernandez-Novales J,

Pérez-Marin D, Amigo J M,
Guerrero J E, Garrido-Varo A.
Grading and color evolution of apples using RGB and
hyperspectral imaging vision cameras. Journal of Food
Engineering, 2012; 113(2): 281-288.

Romano G, Argyropoulos D, Nagle M, Khan M T, Miiller J.
Combination of digital images and laser light to predict
moisture content and color of bell pepper simultaneously
during drying. Journal of Food Engineering, 2012; 109(3):
438-4438.

Ji W, Koutsidis G, Luo R, Hutchings J, Akhtar M, Megias F,
Butterworth M. A digital imaging method for measuring
banana ripeness.
38(5): 364-374.
Kang S P, East A R, Trujillo F J.
evaluation of bicolour fruit: A case study with ‘B74’ mango.
Postharvest Biology and Technology, 2008; 49(1): 77-85.
Jha S N, Chopra S, Kingsly A R P. Modeling of color
values for nondestructive evaluation of maturity of mango.
Journal of Food Engineering, 2007; 78(1): 22-26.

Jha S N, Narsaiah K, Sharma A D, Singh M, Bansal S,

Kumar R. Quality parameters of mango and potential of

Color Research and Application, 2013;

Colour vision system

non-destructive techniques for their measurement: a review.
Journal of Food Science and Technology, 2010; 47(1): 1-14.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Rungpichayapichet P, Mahayothee B, Khuwijitjaru P, Nagle
M, Miiller J.
content in mango by near-infrared spectroscopy compared
with of Food
Composition and Analysis, 2015; 38: 32-41.

A, Wanitchang J,

Nakawajana N. Non-destructive maturity classification of

Non-destructive determination of f-carotene

colorimetric measurements. Journal

Wanitchang P, Terdwongworakul

mango based on physical, mechanical and optical properties.
Journal of Food Engineering, 2011; 105(3): 477—484.

Fukuda S, Yasunaga E, Nagle M, Yuge K, Sardsud V, Spreer
W, Miiller J.
colour and the quality of fresh mango fruit using Random
Forests. Journal of Food Engineering, 2014; 131: 7-17.

Jha S N, Kingsly A R P, Chopra S.

determination of firmness and yellowness of mango during

Modelling the relationship between peel

Non-destructive

growth and storage using visual spectroscopy. Biosystems
Engineering, 2006; 94(3): 397-402.

Kienzle S, Sruamsiri P, Carle R, Sirisakulwat S, Spreer W,
Neidhart S. Harvest maturity detection for ‘Nam Dokmai
#4° mango fruit (Mangifera indica L.) in consideration of
long supply chains.
2012; 72(0): 64-75.

Kienzle S, Sruamsiri P, Carle R, Sirisakulwat S, Spreer W,

Postharvest Biology and Technology,

Neidhart S. Harvest maturity specification for mango fruit

(Mangifera indica L. 'Chok Anan') in regard to long supply

chains. Postharvest Biology and Technology, 2011; 61(1):
41-55.
Leon K, Mery D, Pedreschi F, Leon J. Color measurement

in L*a*b* units from RGB digital images. Food Research
International, 2006; 39(10): 1084—1091.

Lalel H J D, Singh Z, Tan S C. Maturity stage at harvest
affects fruit ripening, quality and biosynthesis of aroma
volatile compounds in 'Kensington Pride' mango. Journal of
Horticultural Science & Biotechnology, 2003; 78(2): 225-233.
McLellan M R, Lind L R, Kime R W.
determinations and statistical analysis for multiquadrant

Hunter L, a, b data. Journal of Food Quality, 1995; 18(3):

Hue angle

235-240.

Inoue S. 'Color Converter' from Color Research Lab, Japan.
2004.

Hofman P J, Smith L G, Joyce D C, Johnson G I, Meiburg G

F. Bagging of mango (Mangifera indica cv. "Keitt') fruit

influences  fruit quality and mineral
Postharvest Biology and Technology, 1997; 12(1): 83-91.
Kang S P, Sabarez H T.
of bicolour food products for quality measurement.
of Food Engineering, 2009; 94(1): 21-25.

Hashim N, Janius R, Baranyai L, Rahman R, Osman A, Zude

composition.

Simple colour image segmentation

Journal

M. Kinetic model for colour changes in bananas during the
appearance of chilling injury symptoms. Food and

Bioprocess Technology, 2012; 5(8): 2952-2963.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


