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SUWAN AEKRUM : PREDICTIVE MODEL FOR THE RELATION
BETWEEN KINETIC RATE OF COLOR CHANGE AND RESPIRATION
RATE OF SALAD PLANT. THESIS ADVISOR : ASST. PROF.

WEERASAK LERTSIRIYOTHIN, Ph.D., 140 PP.

RESPIRATION RATE/IMAGE PROCESSING/MODELLING OF RESPIRATION

RATE AND COLOR CHANGE

This research focused on developing a mathematical model for predict the
relationship between the rate of color change and respiration rate. The studies were
divided into three major parts. The first part was to develope two special tools for
achieving the research which consisted of the respiration rate measuring system using
for fresh vegetables and the image processing program to analyze color changes of the
vegetable salad. In summary, the respiration rate measuring system is capable for
monitoring the respiration rate of plants under the influence of various ratio of
ambient-gas composition and control temperature simultaneously. With high
sensitivity oxygen and carbon dioxide sensors and optimum design of the gas
sampling procedure, the system is capable to monitor small changes in the
concentration of the Oz and CO: in the gas mixture (less than 5% of the initial
concentration), so the measurement course can be completed within a short period.
By virtue of these, the respiration rate of fresh vegetable is not influenced by the plant
age and the system allowed us to measure the respiration rate of fresh vegetable at any
specific modified atmosphere. An image processing program to analyze the color
changes of the vegetable salad image was developed. This program can calculate the

area of a change in the overall color of vegetable salad image based on the hue angle



(H°) scale. For Green oak salad sample, the H° of normal color was indicated in the
range of 80 -135 degrees while the H° of irregular color was appeared in the range of
35 - 79 degrees. The second part was to measure the respiration rate of three
individual varieties of salad sample, namely Green oak, Butter head, Lettuce, and a
mixed salad, and to analyze for their color change under three levels of storage
tempeerature. In the case of mixed salad is a mix of the three species in equal
proportions. The results of respiration rate showed that the all salad sample tend to
respire in the similar fashion under the same storage condition. Lowering the
concentration of oxygen and storage temperature can reduce the rate of respiration.
For the effect of storage temperature on changing overall color of the salad, results
showed that the rate of color change was directly proportional to storage temperature.
The third part was to develop mathematical relation between the respiration rate and
kinetic rate of color change stored under modified atmosphere and control
temperature. The effect of modified atmosphere and storage temperature on the
respiration rate of the testing salad can be expressed by Michaelis-Menten with a
competitive inhibition model coupling with Arrhenius relation.  For the kinetic rate
of overall color change, the 1% -order kinetic rate was determined for Green oak.
During the acclimatization time to the new constant modified atmosphere, the kinetic
rate of the respiration of vegetable salad appeared in the form of the Gamma-variate
function. Shelf life of the vegetable salad stored at any constant modified atmosphere
and temperature can be predicted based on the relation obtaining from the kinetic rate

of overall color change and the Gamma-variate function of the respiration rate.
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Temperature (°C)
Time (hr) 5 10 15

0, co, 0, Co, 0, Co,

0 20.87 0.14 20.64 0.27 20.43 0.17

4 20.87 0.14 20.64 0.27 20.43 0.17

8 20.87 0.13 20.64 0.27 20.43 0.17

12 20.87 0.14 20.64 0.27 20.43 0.17

16 20.87 0.14 20.64 0.27 20.43 0.17

20 20.87 0.14 20.64 0.26 20.43 0.17

24 20.87 0.13 20.64 0.27 20.43 0.17
méﬂ 20.87+0.00 | 0.14+0.00 | 20.64+0.00 | 0.27+0.00 | 20.43+0.00 | 0.17+0.00

M3 4.2 mamsnadeumsgaduuiavesTagfiszauanuduti s ao 0 do o5 e fidud
Tasd31105 (0, A9 CO, A0 N,)
Temperature (°C)
Time (hr) 5 10 15

0, Co, 0, Co, 0, Co,

0 4.95 0.36 5.10 0.12 4.88 0.06

4 4.95 0.36 5.10 0.12 4.87 0.06

8 4.95 0.36 5.10 0.12 4.87 0.06

12 4.95 0.36 5.10 0.12 4.87 0.06

16 4.95 0.35 5.11 0.13 4.87 0.06

20 4.95 0.36 5.10 0.12 4.88 0.06

24 4.95 0.36 5.10 0.12 4.88 0.06
méﬂ 4.95+0.00 | 0.36+0.00 | 5.10+£0.00 | 0.12+0.00 | 4.87+0.00 | 0.06+0.00
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PREDICTIVE SHELF LIFE
OF GREEN OAK BY IMAGE ANALYSIS
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Suranaree University of Technology, Thailand
‘E-mail: Isrytw@sut.ac.th

ABSTRACT

Relationship between rate of gas exchange and rate of quality loss for predic-
tion the shelf life of Green oak has been studied in this research. Green oak
was washed, cut, and centrifuged for 1 minute by manual salad spinner to re-
move excess water and packed in LLDPE plastic bag. Three MAP conditions of
0,:CO,N, equal to 1:5:94, 5:5:90, and 10:5:85 were studied and all packages
were stored at temperature of 5°C. The image of Green oak samples was taken
7 times over 20 days and analyzed for area of irregular color appearing on each
bag of samples with self-developed image analysis program. The samples on
same day were subjected to visual evaluation for scaling the acceptability by
trained panellist. Results showed that irregular color area of Green oak greater
than 9% was defined as the unacceptable criteria and the color deterioration
rate was found to follow the modified 1*-order reaction rate. In addition, respira-
tion rates of cut green oak under the three MAP conditions were analyzed from
the rate of gas exchange data. All cases of the respiration rate data of Green
oak were obeyed the enzyme kinetic rate form proposed by Uchino. The rates
of respiration were varied dependently on the initial filling gas compositions.
Simplified form of the enzyme kinetic respiration rate was superimposed with
the form of modified 1#-order reaction rate used for modelling the color deterio-
ration rate, so we proposed that shelf life prediction could be obtained directly
by the respiration rate model via the correlation between respiration and color
deterioration. Studied results also confirmed that the image analysis program
and respiration rate measurement were crucial tools for modelling the shelf life
of vegetable salad product.

Key words: Image analysis, kinetic rate, shelf life, color deterioration, veg-
etable.
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INTRODUCTION

Nowadays, modified atmosphere packaging (MAP) is widely used in freesh vegeta-
ble and fruit industry to preserve their freshness and prolong the product shelflife.
By means of controlling the respiration rate of fresh products together with cold
storage temperature, deterforation rate of the product quality could be delayed ef-
fectively in various kinds of veggies and fruits resulting in longer shelf life. However,
designing of MAP to prolong the shelf life of each type of veggie products requires
the knowledge of its respiration rate, rate of quality deterforation, and packaging
malerial properties. Without the first two factors knowledge, industry practices
commonly design the MAP for fresh veggies and fruit based on experimental data
only. To accurately predict the product shelf life packed in MAP, mathematical
correllation of the respiration rate model and the rate of quality deterioration is
indeed a significant information. Even though, various mathematical models for
respiration rate and quality deterioration rate of fresh vegetables and fruits were
proposed as nicely reviewing by Fonseca et al. (2002). Among the respiration mod-
els, the Michaelis-Menten type models or enzyme kinetic rate models have been
applied to describe the relation between the respiration rate and factors affecting it
such as gas compositions and storage time for many vegetable and fruit varieties.
Lee et al.(1991) applied the Michaelis-Menten-type model to calculate the respira-
tion rate of blueberry effecting by gas composion inside the package while Uchino
et al. (2004) developed temperature and time dependent respiration models for
eggplant, asparagus and broccoli base on enzyme kinetic rate model. The effect
of temperature on the respiration rate and quality change could be described by
Arrhenius relation.

Since the rates of some quality deterioration such as color change and loss of
vitamin are also governed by enzymatic reaction, the correlation, if any. between
the respiration rate and rate of quality deterioration of fresh veggies and fruits
may definitely be useful for predicting the shelf life. Therefore, the pug)ose of this
study was to predict the shelf life of green oak packed in MAP and to describe the
mathematical relation between the kinetic rate of its respiration and the rate of
quality loss due to color change.

MATERIALS AND METHODS

Sample n Fresh Green oak were bought from a local shop in Suranaree
University of Technology. Thailand. Green oak were cut, washed. centrifuged for 1
minute by manual salad spinner to remove excess water and 40 g of shredded green
oak were packed in double bags made of linear low density polyethylene (LLDPE).
The double bags were used to ensure that the changing of gas concentrations in
each set of initial filling composition were not at the same level throughout 20
days. so effect of MAP conditions on the respiration rate and color deterioration
was truly justified. All bags were initially filled with a specific gas composition of
0,:CO,:N, and stored at temperature of 5°C. Three sets of 0,:CO_:N, composition
were at 1:5:94, 5:5:90, and 10:5:85.

Image acquisition In order to determine the deterioration rate of the sample

color. green oak samples were photographed 7 times over 20 days at a resolution
of 1024 x 786 pixels by digital camera (FUJIFLIM, FinePix S1500) under illumina-
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tion of D, lamp positioning at 20 cm above the sample and all images were saved
in the RGB color space with a file formats of JPEG.

Digital image analysis for determination of color deterioration rate

Every image was analyzed for irregular-color area by using self-developed com-
puting code that was capable of integrating for the area having specific H® values.
In this case, the irregular color was assigned by two ranges of H® value shown in
Table 1.

The remaining area of regular color was used
Table 1 - H® ranges of irregular colors  for modeling the deterioration rate of sample
from digital image of Green oak samples. )00 Kinetic model coefficients were obtained

Ranges He by a non-linear regression method using Sig-
maPlot version 10 (Systat Software, Inc., USA).

Lower limit Upper limit

1 35 80 Respiration rate measurement Gas sample
2 %5 100 in the headspace of each sample bag was taken
every 4 days to analyze for O, and CO, concen-
tration using GC-TCD (GC-2010, Shimudzu,
Kyoto, Japan). Then, the enzyme kinetic respiration rate as a function of storage
time, Eq. 2 was modeled and reported in term of O, consumption and CO, produc-
tion rates. Here, the respiration rate was presumed to be governed by the enzyme
kinetic rate model similar to the one reported by Uchino (2004) and model coeffi-
cients were obtained by non-linear regression method using SigmaPlot version 10
(Systat Software. Inc., USA). Model fitness was indicated by R-square.

Correlation between the kinetic rates of respiration and color deterioration
The relation between the respiration rate and rate of color deterioration could be
described by comparing the kinetic rate constants of both reactions. Transforma-
tion of the respiration rate described by Eq. 2, which contains 3 types of kinetic
rate constants, to the modified 1*-order rate of color deterioration is needed prior
to the comparison of the Kinetic rate constant. It should be noted here that the
enzyme kinetic respiration model in the form of Eq. 2 could be actually written in
3 parameters consisting of only a kinetic rate constant and two reaction constants.

RESULTS AND CONCLUSION

Fresh fruits and vegetables maintain metabolic activities such as the respiration
and photosynthesis after harvest until senescense state. The process of respiration
can be represented by a simplified chemical reaction (Lee ef al, 1991)

Cg Hy20g + 609 ® 6C05 + 6H 90 + Energy (1)
Respiration process may be somehow pictured as an enzyme Kinetic governing
rate as widely reported for many kinds of fruits and veggies (Andrich ef al., 1991;

Lee et al., 1991; Peppelenbos and van't Leven, 1996). In general, two mathematical
forms of enzyme kinetic respiration rate models were written namely for rates of
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CO, production and O, consumption as a function both gas concentrations inside
the package and as a function eznzyme-substrate, rate constant, and time. The
latter form explicitly indicated that both rates of CO, production and O, consump-
tion were changed as a function of storage time ané remaining O, in the package.
Therefore, shelf life prediction was easily deduced by this particular form of res-
piration model. Hence, in modeling the respiration rate. we chose to describe the
rates of CO, production and O, consumption by applying a form of enzyme kinetic
respiration rate reported by Uchino et al. (2004). The enzyme kinetic respiration
rate model can be expressed as follows:

R= k{i—-‘—[:—-‘—[ES]UJeH‘”} (2)

d

where R is the respiration rate (% by molkg—! .day—! ). k is the rate constant of
respiration [day_l ). tis the time (day). [ES], is the initial enzyme-substrate con-
centration which is assumed equal to initial concentration of O, in the bag (% by
mol. kg~ ) and kg and kq are rate constants for synthesis and decomposition of
enzyme-substrate (% by mol. kg1 .day—1), (day—! ), respectively. The Eq. 2, R, was
used to predict both the rate of O, consumption (R ) and rate of CO, production
(R) for this research. The results are shown in Fig. 1 and all parameters for the R,
and R, models were summarized in Tables 2 and 3, respectively.

In this research, the enzyme kinetic respiration rate models, O, consumption
rate and CO, production rate, in the form of Eq. 2 was transformed to the modified
1*-order reaction rate. The model can be expressed as follows:

€Oy Production rate
%0 malfkgaday))
[ =T I T - E ; :

O eomsumption rate
% mol fkgday))

[} 5 (] 15 0
Siorage time{days) Storage time (days)

[
ry

¢ Measurement = Predictive ¢ Memsurement Predactive

Fig. 1 - Experimental data and predictive model obtained from Eq. 2 of CO, production (A) and O, con-
sumption (B) of Green oak at MAP condition 1:5:94 ICIIZ:COz:N,‘] and at 557

Table 2 - Model parameters of eq.(2) for prediction of O, consumption rate of Green oak at 5°C.

MAP condition (0,:CO,:N,)
{2 by volume) kidays?)  k[%molkg(days!) K [%molkg days”) R

1:5:04 -0.0012 2063.9447 0.1947 0.6719

5:5:90 0.0120 3674467 0.3193 0.8307

10:5:85 -0.0040 44076137 11131 0.9581
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Table 3 - Model parameters of eq.(2) for prediction of CO, production rate of Green oak 5°C.

MAP condition (0,:C0,:N,)
{% by volume) k{days~) k (%molLig™" (days"") k {%mol kg~ (days) Re
1:5:94 0.0007 2063.4406 0.1263 0.9194
5:5:90 0.0047 3620072 0.1499 0.9570
10:5:85 0.0047 3620072 0.1499 0.9850
R, =ae™" +b, 3) R =ac"+h (4)

where R is O, consumption rate at any time (% by mol. kg‘l.da}'_l ). Ris CO,
production rate (% by mol .kg-'.day-!), t is the time (day). k, is the rate constant
of 0, consumption rate, k_is the rate constant of CO, production rate (day”), a,
b, a. and bare constants for O, consumption rate and CO, production rate(% by
mol. kg™'.day™ ).

For example, the parameters of O, consumption rate and CO, production rate for
Green oak sample, packed under MAP condition of 0,:CO,:N,=1:5:94 and stored at
5°C, were k, = 0.2000, a, = 13.2180, b, = -12.8160,k = 0.1310, and b, = 11.9870.
The profiles of O, consumption rate and CO, production rate obtained by Eqs. 3
and 4 were superimposed with the forms of R and R_models based on Eq. 2 (profile
not shown here). On the other hand, the O, consumption rate and CO, production
rate of other types of vegetables, which are governed by enzyme kinetic respiration
rate, may be directly modeled with the modified 1#-order reaction rate in order to
get one kinetic rate constant.

In addition, we found that the rate of color deterioration (remaining area of re-
gular color) was agreed well wiih the modified first order reaction rate. The model
can be expressed as follows:

100 Q

95 ~

A=a ,{’(" R h (5)
where . is remaining area of regular iy Gu
color (%), k, is the rate constant of co-
lor change (day'). t is the time (days).
a,.and b, are constants (%). For exam-
ple, percent remaining area of regular
color of Green oak stored under MAP
condition of 0,:C0O,:N,=1:5:94 and at Storage time{days)
5°C was pl’ESEI‘lT.'Ed. in Fig. 2. and the (] Measucrment = = = Predictive

parameters for rate of color deteriora- 2 - Remaining area of regular eolor of Green
tion was summarized in Table 4. ‘l'i at MAP condition 1.5: 94(0,:00,:N,).

H3 T =

eolor (%)
!

50
=
Ln

10 15 20 25

Remaining aren of regular

By comparison of the reaction rate
constants (k-value), we found that the Table 4 - Model Lmlﬂ for predicting the remain-
rate constnat of O, consumption rate  ingarea af regular color of Eq. 5.

and the rate constant of CO, produc- "
tion of Green oak, stored under MAP 2 () k, (days) B, il

condition of 0,:C0O,:N,=1:5:94 and at 25,1410 0.0550 74,3090 0.9830

5°C, was higher than the rate constant
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of color (area of regular color] deterioration about 3.6 and 2.4, respectively. Once
the ratio of rate constants between quality deterioration rate and respiration rate
was defined, shelf life predictive model could be drawn directly from the respira-
tion rate model. Anyhow, this propose conecept still needs for further validation
since the enzyme kinetic rate governing pathway for each reaction, which are not
thoroughly understood, may be much different theoretically. To find a correlation
of quality deterioration rate and respiration rate for practical usage was proved
possible in this work, further studies were aimed at the effect of temperature, MAP
conditions, and varieties of vegetables and fruits.
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High sensitivity respiratory rate measuring system for fresh fruits and vegetables

gassnu anfud’ uas Jeednd Anddlody’
Suwan Aekrum’ and Weerasak Lertsiryothin *

Abstract

This research was focused on the development of highly accurate and sensitive respiratory rate
measuring system for fresh fruits and vegetables. The measuring system was designed to monitor changes of O,
and CO, levels in the system while the gas concenlration can be maintained near the level of an initial set up point
(the difference is less than 1% by volume). Therefore, the system is suitable for studying the respiration rate of
vegetables and fruits under the various conditions of O, and CO, mixing ratio using in the modified atmosphere
packaging. Key elements of the sysltem are gas mixer, micro diaphragm pump to transfer small amount
of sampling air, and gas analyzer. The O, and CO, analyzers are highly accurate and precise devices in term of
capability to measure very low concentration of O, and CO, by requiring a small volume of sampling air
{volumetric flow rate of 0.45 Umin within 30 s measuring time). The sensitivity limit for the O, and CO, analyzers
are al 100 ppm (range 1-10%) and 50 ppm (less than 10%) by volume respectively. Other than that, both gas
analyzers has the ability to measure a new value in a very short time, thus contributing to track the changes of gas
levels with negligible effect on the system equilibrium. In this case, the O, analyzer can acquire the new sample in
every one second while the CO, analyzer can take the new sample in every 5 seconds. This arlicle also presents
a measuring procedure for oblaining the oplimum data of the changing level of O, and CO, needed for modeling
the respiration rate of vegetables and fruits at an actual age. Since the systemn is able to complete the
measurement within a relatively short time (less than 2 days), the respiration rate of fresh vegetable and fruit can
be considered as the values for fresh product having the same age with the staring time.
Keywords: respiratory rate measuring system, respiration rate of vegetables and fruits, axygen and carbon dioxide
analyzers
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Abstract

This research aims to develop a computing program for area determination of irregular color
appearing on the vegetable salad based on image processing technigue. The image of vegetable salad
were firstly captured at a resolution of 1024 x 786 pixel image and a file was stored in both of the RGB
color space and JPEG format. Then, the image was converted from the RGB color space to HSI color
space in order to separate the salad leaves from the background picture and to identify the irregularity
regions of the salad leaves picture. Experimental testing results using Green Oak and Butter Head
showed that the areas of good quality in term of the overall color had the hue angle (h®) in the range of
80-100 degrees and the areas of irregular quality had the h® in the range of 35-75 degrees. To calculate
the area of irregular quality, a total number of pixels, showing the h® in the range of 35-75 degrees, was
counted and divided by the standard number of pixels per area equivalent to 1,425 pixels per em”. The
standard value was obtained by averaging the numbers of pixels containing in the image of five different
geometric shapes namely a square, a rectangle, a triangle, a circle, and an ellipse. The developed image
processing program was found to provide a high accuracy determination of irregular area occurred in
vegetable salad with an error of #2%. In addition, the program also allows users to specify any value of
the hue angle to be evaluated for the corresponding area.
Keywords: Color, Green Salad, Image Processing Program, lregularity Area Appearing on

Vegetable Salad
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Abstract

This research aims to develop a computing program for area determination of iregular color
appearing on the vegetable salad based on image processing technique. The image of vegetable salad
were firstly captured at a resolution of 1024 x 786 pixel image and a file was stored in both of the RGB
color space and JPEG format. Then, the image was converted from the RGB color space to HSI color
space in order to separate the salad leaves from the background picture and to identify the irmegularity
regions of the salad leaves picture. Experimental testing results using Green Oak and Butter Head
showed that the areas of good quality in term of the overall color had the hue angle (h?) in the range of
80-100 degrees and the areas of irregular quality had the h® in the range of 35-75 degrees. To calculate
the area of imegular quality, a total number of pixels, showing the h® in the range of 35-75 degrees, was
counted and divided by the standard number of pixels per area equivalent to 1,425 pixels per em’. The
standard value was obtained by averaging the numbers of pixels containing in the image of five different
geomefric shapes namely a square, a rectangle, a triangle, a circle, and an ellipse. The developed image
processing program was found to provide a high accuracy determination of iregular area occurred in
vegetable salad with an error of $#2%. In addition, the program also allows users to specify any value of
the hue angle to be evaluated for the corresponding area.
Keywords: Color, Green Salad, Image Processing Program, Irregularity Area Appearing on

Vegetable Salad
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

namespace Respiration_rate_measurement_program

{

public partial class Form1 : Form
public Form1()

{
InitializeComponent();
/ltextBox1.Focus();

}

inth=0;

intm =0;

intt=0;

intrev =0;

int sec = 0;

int totaltime = 0;

int hour = 0;

intmin=0;

int sec2 = 0;

private void Form1_Load(object sender, EventArgs e)

{
this.CenterToScreen();
/[Properties.FormBorderStyle.FixedSingle;
FormBorderStyle = FormBorderStyle.FixedSingle;
comboBox3.Text = "Select port";
button7.Text = "Start measurement”;
button8.Text = "Chamberl";
button9.Text = "Chamberl™;
button3.Text = "Chamber2";
button4.Text = "Chamber3";
button5.Text = "Chamber2";
button6.Text = "Chamber3";
buttonl.Text = "Clear";
button2.Text = "First point measurement”;
comboBox3.Items.Add("Com1");
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comboBox3.Items.Add("Com2");
comboBox3.Items.Add("Com3");
comboBox3.Items.Add("Com4");
comboBox3.Items.Add(*Com5");
comboBox3.Items.Add("Com6");
comboBox3.Items.Add("Com7");
comboBox3.Items.Add("Com8");
comboBox3.Items.Add("Com9");
comboBox3.Items.Add("Com10");

ks

/aedoyaionIugNMITHaIY

private void button7_Click(object sender, EventArgs e)
{ // real time measurement
if (textBox1.Text =="" || textBox2.Text == ""||textBox3.Text==""

{

MessageBox.Show("qmszynadmsumsialugndes!! nganszynalni®,
"Error", MessageBoxButtons.OK, MessageBoxIcon.Error);

¥

else

{
h = Convert. ToInt16(textBox1.Text);
m = Convert.Tolnt16(textBox2.Text);
t = Convert. Tolnt16(textBox3.Text);
totaltime = (h * 3600) + (m * 60);

if (button7.Text == "Start measurement")

if (comboBox3.Text == "Select port")
{

MessageBox.Show("aa lsildiaen port!! ngaiden port", “Error",

MessageBoxButtons.OK, MessageBoxIcon.Error);
textBox1.Text ="";
textBox2.Text =",
textBox3.Text =",

}

else if((h==0&&m==0)||t==0)
{

MessageBox.Show("szan ligndss nyanszyarln®, “Error”,

MessageBoxButtons.OK, MessageBoxIcon.Error);
textBox1.Text ="";
textBox2.Text =",
textBox3.Text =",
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ks

else

{
serialPort3.PortName = comboBox3.Text;
serialPort3.BaudRate = 9600;
serialPort3.DataBits = 8;
serialPort3.StopBits = System.lO.Ports.StopBits.One;
serialPort3.Parity = System.10.Ports.Parity.None;

serialPort3.0pen();

timer3.Interval = 1000;
timer3.Start();

button7.Text = "Stop measument”;

stlabel. Text = "MavIn";

button8.Enabled= false;
button9.Enabled= false;
buttonl.Enabled= false;
button2.Enabled = false;
button3.Enabled = false;
button4.Enabled = false;
button5.Enabled = false;
button6.Enabled = false;
textBox1.Enabled = false;
textBox2.Enabled = false;
textBox3.Enabled = false;
comboBox3.Enabled = false;

¥
k

else

{
serialPort3.Close();
button7.Text = "Start measurement";
timer3.Stop();
comboBox3.Text = "Select port";
textBox1.Enabled = true;
textBox2.Enabled = true;
textBox3.Enabled = true;
textBox1.Text =",
textBox2.Text ="
textBox3.Text =",
stlabel. Text = "None";
button8.Enabled=true;
button9.Enabled= true;
button1.Enabled= true;
button2.Enabled = true;

33,
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private void timer3_Tick(object sender, EventArgs e)

{

sec =sec +1;
sec2 =sec2 + 1;
if (sec2 == 60)
{
min = min+1;
sec2 =0;
}
if (min == 60)
{
hour = hour + 1;
min = 0;

}

label6.Text = Convert. ToString(hour);
label7.Text = Convert. ToString(min);
label8.Text = Convert. ToString(sec2);
if ((totaltime - sec) == 0)

serialPort3.Write("M");

sec =0;

rev++;

label13.Text = Convert. ToString(rev);

ky

if (t==rev)

{
timer3.Stop();
serialPort3.Close();
button7.Text = "Start measurement";
timer3.Stop();
button6.Enabled = true;
comboBox3.Enabled = true;
h=0;
m=0;
t=0;
rev=0;
sec =0;
sec2 =0;
totaltime = 0;
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int Vi=13; int V2 =4 int Vi=s; int Va=7; int Ve=o9; int V7 =10;
intVs=11; int Vo=12; int inByte=o0; intj=1;

int Inputi =1; int Input2=2; int Input3=3; intreadingi; int reading2; int readings;
\void setup()

Serial.begin(9600);

pinMode(V1,OUTPUT);
pinMode(V2,OUTPUT);
pinMode(V3,OUTPUT);
pinMode(V4,OUTPUT);
pinMode(Vs,OUTPUT);
pinMode(Ves,OUTPUT);
pinMode(V7,OUTPUT);
pinMode(Vs,OUTPUT);
pinMode(V9,OUTPUT);
pinMode(Inputi, INPUT);
pinMode(Inputz2, INPUT);
pinMode(Inputs, INPUT);
}

void loop()

{
inByte = Serial.read();

if(inByte =='F") // Fill Gas Chamber1

{digitaIWrite(Vl,LOW); Il néa 1l
digitalWrite(V3,LOW); Il mdr3idla
delay(3000); Il vainanan 3 Jui
digitalWrite(V3,HIGH); Il nd3ila
=
while(j)
{
reading: = digitalRead(Input);
if(reading1 = LOW) I/ Presure switch dﬂﬁﬂlutlﬁmm&ﬁm%m Pressure fasgzau
it

{
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¥

digitalWrite(V1,HIGH); Il néa11la
J=0;
}
¥
}
else if(inByte =="A") // Fill Gas Chamber2
{
digitalWrite(V4,LOW); Il néa aidla
digitalWrite(Ve,LOW); Il né 6 1dla
delay(3000); Il vainanan 3 Jui
digitalWrite(Ve,HIGH); Il nd6ila
=
while(j)
{
reading:2 = digitalRead(Input2);
if(reading2 = LOW) // Presure switch e ‘“mumummaﬁmmﬂ Pressure fssgeu
a3
{
digitalWrite(V4,HIGH); Il néa41la
J=0;
}
}
}
else if(inByte =="B") // Fill Gas Chamber3
{
digitalWrite(V7,LOW); Il néa 7 1dla
digitalWrite(Vo,LOW); Il M9 idla
delay(3000); Il vainanan 3 Jui
digitalWrite(Vo,HIGH); Il ndr9ila
=
while(j)
{
readings = digitalRead(Input3);
if(readings == LOW) /I Presure switch dsdayanamiieasin Pressure fasza
a3
{
digitalWrite(V7,HIGH); Il né71la
J=0;
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¥

}

else if(inByte =="E")// Empty Gas Chamber1

{

digitalWrite(V3,LOW); Il néa3idla

delay(10000); Il wiranan 10 2w

digitalWrite(V3,HIGH); I ndr3ila

}

else if(inByte =="T")// Empty Gas Chamber2

{

digitalWrite(Ve,LOW); Il nd6idla

delay(10000); I vinanan 10 3

digitalWrite(Ve,HIGH); Il nd161a

¥

else if(inByte =='U")// Empty Gas Chamber3

{

digitalWrite(Vo,LOW); Il ndaoidla

delay(10000); I vairanan 10 i

digitalWrite(Vo,HIGH); Il néa91la

¥

else if(inByte == 'M") // Measurement

{
digitalWrite(V2,LOW); Il da 2 13la Chamber1
delay(30000); Il vainanan 30 Junin Chamber:
digitalWrite(V2,HIGH); I/ d1 2 Tla Chamberi
delay(s000); /I minam s Suriiitea Chamber da'ld
digitalWrite(Vs,LOW); Il @1 513la Chambera
delay(30000); I wiinanan 30 Jun Chamber:
digitalWrite(Vs,HIGH); /I nd 5 1la Chamber2
delay(5000); /I minam s Suriiitea Chamber da'ld
digitalWrite(Vs,LOW); Il @1 8 11la Chambers
delay(30000); I/ wiinanan 30 2wt Chambers
digitalWrite(Vs,HIGH); Il mdn 8 Ta Chambers

}

else
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digitalWrite(V1,HIGH);
digitalWrite(V2,HIGH);
digitalWrite(V3,HIGH);
digitalWrite(V4,HIGH);
digitalWrite(Vs,HIGH);
digitalWrite(Ves,HIGH);
digitalWrite(V7,HIGH);
digitalWrite(Vs,HIGH);
digitalWrite(Vo,HIGH);
}

} // END
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using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

namespace SaladLost

{

public partial class main : Form
{

public Bitmap ImageFile; // Uszmadauds ImageFile wsuhuainais
public int w, h;
public Color Originallmage, Newlmage; // Uszmeaauils Originallmage d115u

IS J o o v 4 '
1Ny I g mdun1tin Newlmage d@wisuny lWdnmirmumsyseananands

public int grayScale;

public int totalarea=0,lossarea=0;
public float percent = 0;

public main()

{

InitializeComponent();

ky

I afratandudmSunlalng
private void Openlmage()

{

OpenFileDialog Openimage = new OpenFileDialog(); // Yszmeadulsdmsuila
1G]

Openlmage. InitialDirectory = "c:\"; // thwua Directory Gududmsuitla'lug

Openlmage.Filter = "Bitmap files (*.bmp)|*.bmp|JPEG files(*.jpg)|*.jpg|PNG
Files(*.PNG)[*.png|All file(*.bmp/*.jpg/*.png)[*.bmp/*.jpg/*.png";

Openlmage.FilterIndex = 2; // idonlsu *.jpg iilumisudulumsidla’lvd

Openlmage.RestoreDirectory = true;
if(DialogResult. OK==0Openlmage.ShowDialog())

{
ImageFile = new Bitmap(Image.FromFile(Openimage.FileName), 1037,778);

/ Thaagumwudulusuls ImageFile

this.Width = ImageFile.Width + 10;
this.Height = ImageFile.Height + 10;
totalarea = O; lossarea = 0;
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Ibloss. Text = "0";
IbPercentLoss. Text = "0.00%";
IbTotal. Text = "0";

this.Invalidate(); // ¥uaasnaninoie

}

Y wlassudmsumsialalig

private void openlmageToolStripMenultem_Click(object sender, EventArgs e)

{
Openlmage();

ks

private void aboutToolStripMenultem_Click(object sender, EventArgs e)

{
Program.frmAbout.Show();

}

private void exitProgramToolStripMenultem_Click(object sender, EventArgs €)

this.Close();
}

private void analysisToolStripMenultem_Click(object sender, EventArgs e)
{

Graphics gDPIX = this.CreateGraphics(); // a$funlsiteifiuannuazidon
9 9
U190 A1ULUY X
Graphics gDPIY = this.CreateGraphics(); // afrsusiefumanuaziden

9 9
U190 AIULUY Y

if (ImageFile == null)
{
MessageBox.Show("Image Not Found ", "Error", MessageBoxButtons.OK,
MessageBoxIcon.Error);

¥

else

{
w = ImageFile.Width;
h = ImageFile.Height;
int[,] H =new int[w, h];
double[,] S = new double[w, h];
double[,] L = new double[w, h];

F O
[[--=-==mmm-- ——m == YN WU R AND BN VINN VW === === mmmmmm oo e Il
for (inti=0;i<w;it+t)
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{

for (intj =0; j <h; j++)

{
Originallmage = ImageFile.GetPixel(i, j);
HIi, j] = (int)Originalimage.GetHue();
S[i, j] = Originallmage.GetSaturation();
L[i, j] = Originallmage.GetBrightness();
It (((H[i, j]) <130&&L[i,j]>0.1))
if((L[i,j]>0.1))

{
Newlmage = Color.FromArgb(Originallmage.R, Originallmage.G,

Originalimage.B);

ImageFile.SetPixel(i, j, Newlmage);
totalarea++;

if ((H[i, j] > 35 && HIi, j] < 80))

{

lossarea++;

¥
k

k
s

e R SUMIUON AU o emmmmev 11
double Total, Loss,X;
Total = totalarea / ((gDPIX.DpiX*gDPIY.DpiY) / (2.54 * 2.54)); /] fuau

¥

Mufvesintanualuntie MuYuRmas
Loss = lossarea / ((gDPIX.DpiX * gDPIY.DpiY) / (2.54 * 2.54)); /] fnuda

¥

A A o A = 1 a
“IN‘L!‘WU@\?NﬂﬂqmlﬁﬂﬂmﬂWWiuWu’)ﬂ AT WNLIFUALNIAT

percent = ((float)Loss/(float) Total) * 100;

IbTotal. Text = string.Format("'{0:f2}", Total);

Ibloss.Text = string.Format("{0:f2}", Loss);
IbPercentLoss. Text = string.Format("{0:f2}", percent) + "%";
x = ((gDPIX.DpiX * gDPIY.DpiY) / (2.54 * 2.54));
/llabellx.Text = x.ToString();

this.Invalidate();

}
[ -mmm e e ENnd---------mm oo /
private void Form1_Paint(object sender, PaintEventArgs e)
{
if (ImageFile == null)
{

return;

¥
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else

{
Graphics g = e.Graphics;
Rectangle r = new Rectangle(0, 0, ImageFile.Width, ImageFile.Height);
g.Drawimage(ImagekFile, r);

et Show color valug-------------------- -1l
private void main_MouseMove(object sender, MouseEventArgs e)
{

Color C;

if (ImageFile == null)

{

return;

¥

else

{
if (e.Location.X >= 0&&(e.Location.X<ImageFile.Width))

{

C = ImageFile.GetPixel(e.Location.X, e.Location.Y);

bthsi.Text= string.Format("R = {0}, G = {1}, B={2}\nH = {3}, S =
{4:f3}, | = {5:f3}", C.R,C.G,C.B,(int)C.GetHue(),

C.GetSaturation(), C.GetBrightness());

k
¥
¥
e e I
Jfemmmmme e e Show/ [LOSS ATEa--=------==-===s=m=mmmmeus I

private void showLossAreaToolStripMenultem_Click(object sender, EventArgs

if (ImageFile == null)
{
MessageBox.Show("Image Not Found ", "Error", MessageBoxButtons.OK,
MessageBoxIcon.Error);

¥

else

{
w = ImageFile.Width;
h = ImageFile.Height;
int[,] H =new int[w, h];
double[,] S = new double[w, h];
double[,] L = new double[w, h];
for (inti=0;i<w;it+t)
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{
for (intj =0; j <h; j++)
{
Originallmage = ImageFile.GetPixel(i, j);
HIi, j] = (int)Originalimage.GetHue();
S[i, j] = Originallmage.GetSaturation();

if (H[i, j] >= 35 && HI[i, j] <= 80))
{
Newlmage = Color.FromArgb(Originallmage.R, Originallmage.G,
Originallmage.B);
ImageFile.SetPixel(i, j, Newlmage);

ky

else
{
Newlmage = Color.FromArgb(0, 0, 0);
ImageFile.SetPixel(i, j, Newlmage);
}
}
}

this.Invalidate();
1
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