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Fig. 2. The coordinate system of the Stereo vision
system (Burie ef al., 1995)
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Fig .3. a) The bushes after omitting of branches with low thickness b) one- year old branches c) one-year old branches
with more than 15 cm length d) drawn circles in the connection points of the one-year old branches
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implementation of the algorithm, d) The bushes cutting points
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Table 1- The cameras distance from bushes

(,Loubl.w) g 51 oy, duold
Cameras distance from bushes (cm)

50-55
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Number of photography

14 12 5 2
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Table 2- Color components of one-year old and perennial branches

ns Al obaals K, cbadlyo

Color components of one-year old branches

ns dlosis LB K, sbadlie

Color components of perennial branches

o Ao 30,8 adlae
Green Red
component component
ok 196.97 208.93
Average
Standard 21.51 18.26
deviation

sl 4l o adlo 30,5 adlie sl e
Blue Green Red Blue
component component component component
185.01 182.09 199.01 172.82
23.83 23.80 21.95 22.31

I sme BMB 3¢9 pac NS D haws 45 I3 Jxe BN 5
* Significant at 5% of probability level, ns non-significant
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Introduction

Great areas of the orchards in the world are dedicated to cultivation of the grapevine. Normally grape
vineyards are pruned twice a year. Among the operations of grape production, winter pruning of the bushes is the
only operation that still has not been fully mechanized while it is known as the most laborious jobs in the farm.
Some of the grape producing countries use various mechanical machines to prune the grapevines, but in most
cases, these machines do not have a good performance. Therefore intelligent pruning machine seems to be
necessary in this regard and this intelligent pruning machines can reduce the labor required to prune the
vineyards. It this study in was attempted to develop an algorithm that uses image processing techniques to
identify which parts of the grapevine should be cut. Stereo vision technique was used to obtain three dimensional
images from the bare bushes whose leaves were fallen in autumn. Stereo vision systems are used to determine
the depth from two images taken at the same time but from slightly different viewpoints using two cameras.
Each pair of images of a common scene is related by a popular geometry, and corresponding points in the images
pairs are constrained to lie on pairs of conjugate popular lines.

Materials and Methods

Photos were taken from gardens of the Research Centre for Agriculture and Natural Resources of Fars
province, Iran. At first, the distance between the plants and the cameras should be determined. The distance
between the plants and cameras can be obtained by using the stereo vision techniques. Therefore, this method
was used in this paper by two pictures taken from each plant with the left and right cameras. The algorithm was
written in MATLAB. To facilitate the segmentation of the branches from the rows at the back, a blue plate with
dimensions of 2x2 m” were used at the background. After invoking the images, branches were segmented from
the background to produce the binary image. Then, the plant distance from the cameras was calculated by using
the stereo vision.

In next stage, the main trunk and one year old branches were identified and branches with thicknesses less
than 7 mm were removed from the image. To omit these branches consecutive dilation and erosion operations
were applied with circular structures having radii of 2 and 4 pixels. Then, based on the branch diameter, one-
year-old branches were detected and pruned through considering the pruning parameters. The branches were
pruned so that only three buds were left on them. For this aim, the branches should be pruned to have a length of
15 cm. To truncate the branches to 15 cm, the length of the main stem was measured for each of the branches,
and branches with length less than 15 cm were omitted from the images. Then the main skeleton of grapevine
was determined. Using this skeleton, the attaching points of the branches as well as attachment points to the
trunk were identified. Distance between the branches was maintained. At the last step, the cutting points on the
branches were determined by labeling the removed branches at each step.

Results and Discussion

The results indicated that the color components in the texture of the branches could not be used to identify
one year old branches and evaluation results of algorithm showed that the proposed algorithm had acceptable
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performance and in all photos, one year old branches were correctly identified and pruning point of the
grapevines were correctly marked. Also among 254 cut off-points extracted from 20 images, just 7 pruning
points were misdiagnosed. These results revealed that the accuracy of the algorithm was about 96.8 percent.

Conclusions
Based on the reasonable achievement of the algorithm it can be concluded that it is possible to use machine
vision routines to determine the most suitable cut off points for pruning robots. By an intelligent pruning robot,
the one year old branches are diagnosed properly and the cut off points of the plants are determined. This can
reduce the required labor to perform winter pruning in vineyards which subsequently reduces the time required
and the costs needed for pruning the vineyards.

Keywords: Grape, Image processing, Pruning, Stereo vision
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Fig.2. The designed structure for the Stereo camera  Fig.1. LifeCam Studio webcam used in the research
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3- Iterated Sigma Point Kalman Filter
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Fig.5. Stereo camera setup
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Table 1- Estimation of camerasintrinsic and extrinsic parameters by calibration process

s ozl
Intrinsic parameters

Jol owy99
Camera 1

P93 U9
Camera 2

(JSs) G398 alols [718.6295 + 5.5522, 718.4542 + 5.3815]  [719.5996 + 5.5553, 719.7625 + 5.3905]

Focal length (pixels)

() (gol] ok [476.9688 + 0.7241, 287.3186 + 0.6804]  [473.3463 * 0.7391, 288.0447 + 0.7024]

Principal point (pixels)

[PSYCISNE JO] [-1.7592 +/- 0.0538] [-1.4992 £ 0.0532]
Skew
Sled zlogel [0.0090 * 0.0013, -0.0103 £ 0.0025] [0.0168 * 0.0013, -0.0329 £ 0.0023]

Radial distortion

ilos glosel [0.0021 * 0.0002, -0.0006 * 0.0002] [0.0014 * 0.0002, -0.0006 % 0.0002]

Tangentia distortion

JiiS8l s sllas :S5le 0.1219
Mean reprojection error

0.1250

o) sl el
Extrinsic parameters

(Y 0m393) e Ceomr (2593 &1 Canunsd (1 (30 593) ol y S 01393 (31590 9 ol 1oy
Position And Orientation of Camera 2 in relation to Camera 1

(o) 2lasle Sy [-99.7794 + 0.0465
Translation vector (mm)
Ol by [1.0000 + 0.0003
Rotation vector

(429)0lhs> 24l5
Rotation angle (Degree)

0.8802+£0.0400  -0.6277 = 0.1605]
-0.0010 £ 0.0006  -0.0018 + 0.0000]

0.1203 +/- 0.0034
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Introduction

Stereo vision means the capability of extracting the depth based on analysis of two images taken from
different angles of one scene. The result of stereo vision is a collection of three-dimensional points which
describes the details of scene proportional to the resolution of the obtained images.

Vehicle automatic steering and crop growth monitoring are two important operations in agricultural
precision. The essential aspects of an automated steering are position and orientation of the agricultural
equipment in relation to crop row, detection of obstacles and design of path planning between the crop rows. The
developed map can provide thisinformation in the real time. Machine vision has the capabilities to perform these
tasks in order to execute some operations such as cultivation, spraying and harvesting.

In greenhouse environment, it is possible to develop a map and perform an automatic control by detecting
and localizing the cultivation platforms as the main moving obstacle. The current work was performed to meet a
method based on the stereo vision for detecting and localizing platforms, and then, providing a two-dimensional
map for cultivation platformsin the greenhouse environment.

Materials and Methods

In this research, two webcams, made by Microsoft Corporation with the resolution of 960x544, are
connected to the computer via USB2 in order to produce a stereo parallel camera.

Due to the structure of cultivation platforms, the number of points in the point cloud will be decreased by
extracting the only upper and lower edges of the platform. The proposed method in this work aims at extracting
the edges based on depth discontinuous features in the region of platform edge.

By getting the disparity image of the platform edges from the rectified stereo images and trandating its data
to 3D-space, the point cloud model of the environments is constructed. Then by projecting the points to XZ
plane and putting loca maps together based on the visua odometry, global map of the environment is
constructed.

To evaluate the accuracy of the obtained algorithm in estimation of the position of the corners, Euclidian
distances of coordinates of the corners achieved by Leica Total Station and coordinates and resulted from local
maps, were computed.

Results and Discussion

Results showed that the lower edges have been detected with better accuracy than the upper ones. Upper
edges were not desirably extracted because of being close to the pots. In contrast, due to the distance between
lower edge and the ground surface, lower edges were extracted with a higher quality. Since the upper and lower
edges of the platform are in the same direction, the lower edges of the platform have been only used for
producing an integrated map of the greenhouse environment. The total length of the edge of the cultivation
platforms was 106.6 meter, that 94.79% of which, was detected by the proposed algorithm. Some regions of the
edge of the platforms were not detected, since they were not located in the view angle of the stereo camera.
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By the proposed algorithm, 83.33% of cultivation platforms’ corners, were detected with the average error of
0.07309 meter and mean squared error of 0.0076. Non- detected corners are due the fact that they were not
located in the camera view angle. The maximum and minimum errors in the localization, according to the
Euclidian distance, were 0.169 and 0.0001 meters, respectively.

Conclusions

Stereo vision is the perception of the depth of 3D with the disparity of the two images. In navigation, stereo
vision is used for localizing the obstacles of movement. Cultivation platforms are the main obstacle of movement
in greenhouses. Therefore, it is possible to design an integrated map of greenhouse environment and perform
automatic control by localization of the cultivation platforms. In this research, the depth discontinuity feature in
the locations of the edges, was used for the localization of the cultivation platforms’ edges. Using this feature,
the size of the points required for establishing the point cloud model and also the associated processing time
decreased, resulting improvement in the accuracy of determining coordination of the platforms’ corners.

Keywords: Cultivation platform, Depth discontinuity, Edge, Obstacle, Stereo vision
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Fig. 1. Schematic of the experimental greenhouse
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Table 2- Constants used for the validation of thermal model
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Parameter Value Parameter Value
A, 31.25 Ty 17
Ag 15.36 U 6.4
A, 11.52 Uw 0.2
Aq 1.67 O 0.75
A, AgXLAI a, 0.4
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1- Mean Percentage Error
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3- Root Mean Square Error
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Table 3- Received Solar radiation (W) of a single span greenhouse in east-west orientation

(o 51525 (g) @b ,b S (owd Jl23 k) b by
obj Single span (without north wall) Single span (with north wall)
Time w9l; 4599 ol @913 4,599 solwd
Junuary Febuary December Junuary Febuary December

7 0 3838 0 0 3648 0
8 4686 5924 2030 4283 5296 1707
9 9654 9493 5866 8674 8499 4956
10 11662 11685 9045 10294 10406 7735
11 11495 12738 10526 9844 11278 8974
12 11064 11558 10707 9317 9934 9070
13 9138 10781 10142 7495 9204 8586
14 6645 9021 8622 5330 7633 7312
15 3639 5497 5919 2839 4488 5004
16 948 2413 2122 731 1917 1794
17 0 432 0 0 341 0
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Table 4- Energy requirement (MJ) to keep the greenhouse warm in single span in east-west orientation

(o 51525 (9) 4 b S (lowd Jlg2a L) ad,bsy

obj Single span (without north wall) Single span (with north wall)
Time w9l; 4,599 yolwd @915 4,599 yolwd
Junuary Febuary December Junuary Febuary December
1 20.5 16.4 15.8 15.2 12.1 11.7
2 20.7 16.6 16.0 15.3 12.2 11.8
3 20.9 16.8 16.1 15.5 12.4 11.9
4 20.6 16.1 15.5 15.2 11.9 11.4
5 20.4 15.4 14.9 15.0 11.4 11.0
6 20.1 14.6 14.4 14.8 10.8 11.1
7 18.8 21.4 13.1 13.9 0.8 9.7
8 21.7 9.1 19.4 6.0 0.0 12.7
9 4.7 0.0 7.4 0.0 0.0 5.0
10 0.0 0.0 0.0 0.0 0.0 0.0
11 0.0 0.0 0.0 0.0 0.0 0.0
12 0.0 0.0 0.0 0.0 0.0 0.0
13 0.0 0.0 0.0 0.0 0.0 0.0
14 7.8 0.0 0.0 0.0 0.0 0.0
15 19.5 5.3 11.1 10.3 0.2 34
16 26.9 17.3 21.5 18.7 11.0 11.8
17 18.3 232 13.6 13.5 17.0 10.0
18 18.8 14.1 14.1 13.9 10.4 10.4
19 19.2 14.5 14.4 14.1 10.7 10.6
20 19.6 14.8 14.8 14.4 10.9 10.9
21 19.9 15.2 15.1 14.7 11.2 11.1
22 20.1 15.6 15.3 14.8 11.5 11.3
23 20.3 15.9 15.5 15.0 11.7 11.4
24 20.4 16.2 15.7 15.0 12.0 11.6
&S”"“’ 378.8 2784 283.8 2553 178.3 199.0
um
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Introduction

Greenhouse is a structure which provides the best condition for the maximum plants growth during the cold
seasons. In cold climate zones such as Tabriz province, Iran, the greenhouse heating is one of the most energy
consumers. It has been estimated that the greenhouse heating cost is attributed up to 30% of the total operational
costs of the greenhouses. Renewable energy resources are clean alternatives that can be used in greenhouse
heating. Among the renewable energy resources, solar energy has the highest potential around the world. In this
regard, application of solar energy in greenhouse heating during the cold months of a year could be considerable.
The rate of thermal energy required inside the greenhouse depends on the solar radiation received inside the
greenhouse. Using a north brick wall in an east-west oriented greenhouse can increase the absorption of solar
radiation and consequently reduces the thermal and radiation losses. Therefore, the main objective of the present
study is to investigate the effect of implementing of a north wall on the solar radiation absorption and energy
consumption of an east-west oriented single span greenhouse in Tabriz.

Materials and Methods

This study was carried out in Tabriz and a steady state analysis was used to predict the energy consumption
of a single span greenhouse. For this purpose, thermal energy balance equations for different components of the
greenhouse including the soil layer, internal air and plants were presented. For investigating the effect of the
north wall on the energy consumption, the F; and F, parameters were used to calculate the radiation loss from the
walls of the greenhouses. These factors were determined using a 3D—shadow analysis by Auto-CAD software.
An east-west oriented single span greenhouse which has a north brick wall and is covered with a single glass
sheet with 4 mm thickness was applied to validate the developed models. The measurements were carried out on
a sunny winter day (November 30, 2015). The hourly variations of solar radiation on a horizontal surface were
measured to calculate the total solar radiation received by the greenhouse using the Liu and Jordan equations.
For heating of a greenhouse in nighttime, an electrical heater was used while an additional required energy was
measured using a single phase meters. The inside and ambient temperatures of the air were recorded using
SHT11 temperature sensors. A computer-based program of EES (engineering equations solver) was developed to
solve the energy balance equations. Different statistical indicators were used to predict the accuracy of the
presented models.

Results and Discussion

The obtained results showed that in winter months the greenhouse without the north brick wall can receive
14% more solar radiation than the greenhouse with a north brick wall. On the other hand, the use of a north wall
in the greenhouses can reduce the radiation and thermal loss from north wall. To maintain the temperature at 25
°C in day-time and 15 °C in night-time, the additional required energy was calculated for greenhouse with and
without north brick wall. The results indicated that the total energy requirement to keep the plants warm was
313.8 MJ in greenhouse without north brick wall and 210.8 MJ in greenhouse with the north brick wall. In other
word, use of the north brick wall in the greenhouse can contribute to reduce energy consumption by 32%.
Comparisons between the predicted and measured results showed a fair agreement for greenhouse energy
requirements. The correlation coefficient and mean percentage error for this model were determined to be 0.79
and -2.34%, respectively. Due to the small values, the radiative exchange within greenhouse cover and the sky
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was neglected. Therefore, the results of the presented model showed fewer values in comparison with the
experimental results. It can be concluded from the final results that a considerable amount of the incident
radiation has been lost to the ambient by convection from the cover of the greenhouse (glass walls and north
walls).

Conclusions

In the present study, the effect of north brick wall on solar radiation absorption and energy consumption of a
single span greenhouse located in Tabriz was investigated. Results showed that use of north brick wall in an east-
west oriented single span greenhouse leads to a reduction of 14% in solar radiation absorbed by the greenhouse.
The results indicated that use of the north brick wall in the greenhouse can decrease energy consumption by
32%. There was a fair agreement between the experimental and theoretical results with the calculated correlation
coefficient and mean percentage error of 0.79 and -2.34%, respectively.

Keywords: Energy consumption, North wall, Single span greenhouse, Solar radiation, Steady state model
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Fig.1. A schematic veiw of the components of the designed solar greenhouse heating system: 1- Lean- to greenhouse, 2-
Parabolic trough solar concentrator, 3- Storage tank, 4- Flat plate solar collector, 5- Pump
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Table 1- Specifications of different components of the presented solar greenhouse heating system

A

(S 93 OIS 35y (Sl y B DS goar o
Solar concentrator Solar collector Greenhouse Pump
b 3ot oIS et i 5 aoniao 025 g i Sk sl oSS gy
Type: Parabolic Trough Concentrator Type: Flat plate Structure: Lean-to Model: GRUNDFOS
Gy Sl 1 g g0t (yui> Sl Yooz oo Vo IA ol UPS Yo%+ :Jse

Reflector material: Stainless steel

7AYol B3 oy
Reflectivity of Stainless steel: 93 %

5o VPF g 9ot Jobo
Reciever tube length: 166 cm

ool OIVED 105 ,5 g 35 b
Outer diameter of the reciever tube: 5.765
cm

o ol F/¥ 0,5 Ay S5l jlad
Inner diameter of glass tube: 4.4 cm
o bl AV 1ailed Colue
Aperture of collector: 93 cm
a3 Ve 59 aygly
Rim angle: 70°
So il YYIY 1 S5glS alol
Focal length: 33.2 cm
o s ol
Direction: North-South
lidels Jlw
Working fluid: water
YOG Jae cud )b
Heat exchanger capacity: 25 L

Tank: 200 Liter

e 1y i
material of pipe: Copper
posegl] 0 i
material of Fins:
Aluminium
olidels Jbw
Working fluid: water
Area: 2 m’

Area: 10.8 m’
ogho Vo z e culus
Thickness of cover: 10

mm
Glad elyyS bz b
Cover: Transparent
Polycarbonate

Type: UPS 15-60

)u.m ) Y 2R
Flow rate: 3 Variable speed
315 ool o g3 VY- iled diiiy
Maximum Temperature: 110
°C
SV b Al
Maximum pressure: 10 bar

SBS 5 0sd cum (sloyS (g5l p3d i5ke 5 (dedygn (soaiS xen (b g (awdygd Giwle)S sl (2 =Y IS
Fig. 2. a- The solar greenhouse heating system, b- The solar collector and heat storage tank inside the greenhouse
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Fig. 3. Variation of the average of solar radiation intensity and wind speed during the test period
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Fig.4. Variation of thermal efficiency of the PTC at the different flow rates
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Table 2- Analysis of variance of the effect of flow rate and mode of heating on stored heat and energy consumption

from the heat storage tank and the auxiliary heater

Ola o ek

©lymt gilie @ Mean of square
Sou.r oo of 2l : : B S eSS Bras 855 padl 5350 1 0l B pae (5351 S LS
variations DF QIFe j3 0 a,,&": ol pedls Energy .consumption of) the auxiliary l::)nerg; consumptio; from the
Heat stored in the tank heater Tank
b 1 5.3247%%* 4.5501** 5.2488%*
Mode
ol o 2 1.0072%* 2.3121%* 2.3022%*
Water flow
ol 2 0.0865%** 0.5895%%* 0.4472%*
Mode * Water flow
s 12 0.0016 0.0013 0.0015
Error
Js 17
Total

S me s oy Vg0 Jlois] paw 53 I ne cag sy FH ¥
*, %% Sjgnificant at 5% and 1% of probability levels, respectively, ™ Non. Significant
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Fig.6. Interaction of flow rate and mode of heating on index of stored heat (the numbers within the parenthesis on
horizontal axis shows the flow rate (L min™))
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Fig. 9. Variation of solar fraction at different working conditions of the solar greenhouse heating system (the numbers
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Introduction

Greenhouses provide a suitable environment in which all the parameters required for growing the plants can
be controlled throughout the year. Greenhouse heating is one of the most important issues in productivity of a
greenhouse. In many countries, heating costs in the greenhouses are very high, having almost 60-80% of the total
production costs. In recent years, several studies have attempted to reduce the heating costs of the greenhouses
by applying more energy efficient equipment and using the renewable energy sources as alternatives or
supplementary to the fossil fuels.

In the present study a novel solar greenhouse heating system equipped with a parabolic trough solar
concentrator (PTC) and a flat-plate solar collector has been developed. Therefore, the aim of this paper is to
investigate the performance of the proposed heating system at different working conditions.

Materials and Methods

The presented solar greenhouse heating system was comprised of a parabolic trough solar concentrator
(PTC), a heat storage tank, a pump and a flat plate solar collector. The PTC was constructed from a polished
stainless steel sheet (as the reflector) and a vacuum tube receiver. The PTC was connected to the tank by using
insulated tubes and a water pump was utilized to circulate the working fluid trough the PTC and the heat
exchanger installed between walls of the tank. The uncovered solar collector was located inside the greenhouse.
During the sunshine time, a fraction of the total solar radiation received inside the greenhouse is absorbed by the
solar collector. This rises the temperature of the working fluid inside the collector which led to density reduction
and natural flow of the fluid. In other words, the collector works as a natural flow flat plate solar collector during
the sunshine time. At night, when the greenhouse temperature is lower than tank temperature, the fluid flows in a
reverse direction through the solar collector and the stored heat transferred from the collector surface to the
greenhouse.

The evaluation tests were conducted at three levels of fluid flow rate through the solar concentrator (0.44,
0.75 and 1.5 Lmin™") and two different working modes of the heat exchanger.

Results and Discussion

The variation of thermal efficiency of the PTC at different flow rates has been illustrated in Fig 3. As shown,
thermal efficiency increased with flow rate mainly because the fluid convection coefficient enhances with raising
the velocity of the fluid inside the tubes.

The heat storing process began from 9 am and the highest amounts of the stored heat during sunshine time
occurred between 10 am and 2 pm. Fig 5 showed that the stored energy in the tank enhanced when the flat plate
collector was employed beside the PTC. Also, increasing the fluid flow rate from 0.44 to 1.5 Lmin" improved
the index of stored heat by 32.14%. Energy consumption during the night time was also significantly changed
with flow rate and the mode of heating. Fig 7 indicated that the electrical energy consumption was lower with
flat plate solar collector and it is possible to save the electrical energy by 26.67% using the flat plate collector.
Bouadila et al., (2014) concluded that the electrical energy consumption reduced by 31% employing a natural
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convection flat plate solar collector system equipped with phase changed heat storage material for greenhouse
heating.

Since increasing the flow rate enhanced the thermal efficiency of the solar concentrator system and led to an
improvement in stored thermal energy during the sunshine time, solar fraction increased with raising the flow
rate from 0.44 to 1.5 Lmin"'. A maximum solar fraction of 66% was achieved at the highest flow rate when using
the flat plate solar collector beside the PTC.

Conclusions

An experimental comparative study was conducted to investigate the performance of a novel solar
greenhouse heating system at the different fluid flow rates and two modes of heating (with and without flat plat
solar collector). The results can be summarized as follows:

A maximum thermal efficiency of about 71% was achieved at the flow rate of 1.5 Lmin™".

Raising the flow rate from 0.44 to 1.5 Lmin™ improved the index of stored heat and solar fraction by 32.14%
and 21%, respectively.

The highest value of solar fraction was found to be 66% at the highest flow rate when engaging the flat plate
solar collector beside the PTC.

Keywords: Flat plate solar collector, Greenhouse heating, Solar concentrator
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Introduction

Growth of population, deficiency of resources, environmental hazards, fast spatial science progress and
relevant subjects have resulted in significant effects of enhanced accuracy and modern technologies in
agricultural technology and management methods. One of the modern technologies’ utilities in production and
nondestructive tests is determination of product characteristics (such as product height), using electronic sensors
at different stages of plant growth. In recent years, electric sensors improved widely in farm science. Regarding
to wide performance of sensors, from simple sensors such as thermo, light and moisture sensors, to complex
ones such as GPS and lidar, also the ability of electronic sensors to exact identification and measurement of
special farm properties, makes these sensors to an important part of precision agriculture. The subject of this
study is to identify and measure the height of the product using ultrasonic technology to automate control of
breeding and harvesting operations. Suitable price and noise and dust resistance of ultrasonic sensor, make it an
attractive subject in biosystem industries and farm operations.

Materials and Methods
Plant height measurement

Ultrasonic sensor includes an ultrasonic transmitter and receiver with more than 20 kHz frequency. As other
waves, ultrasonic waves diffuse constantly from a source by mechanical distracting in a gas, liquid or solid
environment. The distance between sensor and object is a function of the wave passing time from generation
point to receive point. Plant height calculated by estimating this distance and minus it from sensor height. The
sensor used in this research had a diffuse angle of 40 degrees to center axis of source. The sensor ability to
height measurement depends on leaves angle, leaves surface, plant aggregation in area and plant height. Leaves
angle is the most important factor in recognization ability of ultrasonic sensor.

Electronic system design

The height measurement electronic system includes: 40 kHz Ultrasonic transmitter with diameter of 10 mm,
67 db ultrasonic receiver, Signal amplifier circuit (op-amp), AVR Microcontroller, (atmega 128) and a 64x128
pi LCD. Electronic part of system produces 40 kHz pulse initially and locates on one of the outlet bases of
microcontroller. Then, this pulse is amplified and sent to ultrasonic sensor transmitter for maximum performance
of the transmitter. The received pulse has low power so it shoud be amplified by an amplifier to be recognizable
by the microcontroller. The received signal transmitted to digital signal by a high-speed 128 AVR atmega
microcontroller. The sensor calibrated in the first phase using artificial barriers, the data analyzed by linear
regression and paired mean comparison test in SPSS and EXCEL software.

Results and Discussion

Corn height measured by designed system in a test by 100 plots and 10 blocks. Thus, the blocks had a
dimension of 1m length and 10cm width. System output recorded in first block and the block length passed by
system with 10cm distances. Actual measurement accuracy comprised as pixels to data from manual
measurement. The results didn’t show any significant difference between means. The regression coefficient of

model was calculated 99%. The operating phase continued in a lab to measure maize height. The results showed
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high linear correlation between ultrasonic output voltage and manual measurement. This linear correlation led to
present a linear regression model with the regression coefficient of 95%. Correlated mean comparison used for
all of data too, i.e. the data obtained by the two measurement methods were compared by t-paired test. So it’s
defensible that with 99% confidence, sensor can estimate the real value of height with high accuracy.

Conclusions

Utilization of measurement technologies and accuracy enhancement in agricultural production systems are
unavoidable. In this research, corn height was measured accurately by ultrasonic technology. According to the
results, identifying the presence or absence of plant, precision control of the operations (e.g. spraying) and
measuring the height of the plants (to set the cutting height at combine harvester). Obviously, the produced
device can identify plant height with precision, and can use in different phases of precision agriculture such as
seeding row identification, machinery path determination to minimize plant’s loss, poison optimization and
harvesting.

Keywords: Corn, Plant height, Precision agriculture, Ultrasonic sensor
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o=l Leas asd 8 polas 5l oles 5 wleMbl (USGS, 2015)
ga8)S )18 lojlw (pl oy j0 cudldy jl de el ¥ coditiw
ol oletwd P8 ylas 5500 dilaie oLl clamse (2l b

cpolal g o yiwd 43 0dizvas Cpl woba | edlatel JJs
9 y9—iS JS ol jly 8 i e o e csby ed
el 5555158 g3 il sl o esbis SIS (5 iy S
dl)g Ll 0045 0.3)91 ) J9J.> D 0ot u)l )JeLaJ Ub.b [RLRC
S5 o s Slo i 5l e lse 95 25l asdly 5 gl 4]
8,5 )18 odlatwl 3y90 £)lje (135 (5T 5l A gl (gl il

T iz slaols i apoliad | giloan o eiymej JyuS
C‘)":—”" 9 To.Jo LSLmuc»LJ: J_,.Jy ¢ ‘_;o.Jo gb)b & l.mJ..Sw
ENVI Sl 80,5 5l oolatw! b adllas 5yg0 polad o b (slaoals
S92 pobal ilog e o s plise 2 ploxl 0-) s
U /Y e oy JyiS bla 1 eolazal b gy opl 50 edlal

1- U.S. Geological Survey (USGS)
2- Georeferencing

3- Digital Number (DN)

4- Reflectance



YA A cowad ouizminw i glai 1 eoliiwl b & )50 AL b o p o (xiwwy90

A e )38l 4 endmember e lyiea (s Jidg
o9 as e Jols a5 jalb oM, endmember Gl <!y
4y g o ol Sidgy b deje bl ol by b as e Ll
&)‘)_n PRISSALY, () o) u».si )‘ odsle L = )m5l> gy L
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2 Glojlealo pond sla JuSy UL ool .as ¢l GPS oKy
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8s )

LT 4 595 0 el s 345 5l endmember gl sl
Llay 3 SB cugby duopd aile lausme il 4 G o(glolis
A YU sl endmember Lol o5l g sl ausly Cowles
(Pacheco and McNairn, 2010) sl sus

2 ol olie (1See 45 (padls i (s £)lje ol g 4 e
o2l laied culy Sligen b 23 ls sl alew! polie
aliw! ol Lo wgi g 00 03 uu_,l l_caOT » 28 bl
5 (McCarty et al., 2007) 015,85 S8 ol bl jasli

A5 s o] Colus g g )50 Joo

b (b s jlalua 5T Gy,
Slojlgale poai o 3 sl B s ab (gjlulir 500
h somad jl Sy S 3 39250 2)l5s 1 S0 s (raw w0
FoAs ladil 1l LS opl ly bl e (298 <
9=l > adlllae 5)90 ddlaie S b JuSiy S5 )3 29250 2)lse
g ¥ 0alls ladib (iagiy (ol )3 09 (Bypme Jl8ley 4

(USGS, 2015) A cussd polas sl b o3gae0 - Jod
Table 1- Landsat 8 imagery bandwidth (USGS, 2015)

Slojlaw  (iag,Sue) Wb ey (S MKSE (hog Sino) Wil (gling bwwgie
Band number  Band width (um) Resolution Mid Band width (um)
1 0.433-0.453 30m 0.443
2 0.450-0.515 30m 0.4825
3 0.525-0.600 30m 0.5625
4 0.630-0.680 30m 0.655
5 0.845-0.885 30m 0.665
6 1.560-1.660 60 m 1.610
7 2.100-2.300 30m 2.200
8 0.500-0.680 15m 0.590
9 1.360-1.390 30m 1.375
10 10.6-11.2 100 m 10.90
11 11.5-12.5 100 m 12.00

adlas oyl ) oolitul )50 (ids glayasls SleMbl =Y Joda
Table 2- Information of spectral indices used in this study

oo abal, &l
Index Definition Reference
NDVI® (NIR-Red)/(NIR+Red) Tucker, 1979
BAI" 1/(0.1-Red)?+(0.06-NIR)? Martin et al., 2005
NBR" (NIR-SWIR)/(NIR+SWIR) McCarty et al., 2008
NBRT: [NIR-SWIR( Thermal /1000)] Holden et al., 2005

[NIR+SWIR( Thermal /1000)]

SWIR: 2.08t02.35 um Thermal: 10.4to0 12.5 um

1- Normalized Difference Water Index (NDVI)
2- Burn Area Index

3- Normalized Burn Ratio

4- Normalized Burn Ratio - Thermal

NIR: 0.76 t0 0.9 um
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Sl S35 e Byl g 508 slaasl d lals (Sl
2y (BLS (e o515 iz 9 (bl (M pasil
odalio V b p> a8 aisS Lo (Tucker, 1979) cuul oids
a8l al3dl o)lSoas s olS (gl 8 L > QUL e 355 0
JeR0le zoedob ) Jdg )l STy e 4 p9d90 cpl
Ll Koo

Tl (oo gl ol QUL slrodly (Sl Sl eoliul b
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Pacheco and McNairn, 2011; Pacheco and ) ¢l oai

1- Spectral Response Curve
2- Confusion Matrix
3- Kappa Coefficient
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Fig. 1. Spectral response curve
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Table 3- The variance analysis of spectral indices

Oyt gl B EEY Sl yo (Sl
Source of variation df Mean square
NBRT NBR BAI NDVI
"_’SJ . 11 0.130 0.002 67.297 0.003
Replication
Thw g 3 0.604* 0.612* 20123.3* 0.387*
Surface cover
Uas
33 0.0182 0.006 68.3 0.003
Error

(Bsime ©glis pas) NS g (103 ) s 53 3 ina) *
* (Significant at 1%) and ns (Not significant)
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Table 4- Mean comparisons of spectral indices based on Duncan Test in 1 percent

e NDVI BAI NBR NBRT
Surface cover
P 0.108a 887a -0.0l4a 0.113a
Ash
se 0.116a 9661b -0.007a 0.122a
Soil
L
ra 0.154a 4.256b 0176b 0552b
Residue
o ol 0483b 6.823b 0466c 0.446b
Green Plant

bl oo by gime B A8 Mt S jiiie By g (g o 3 &S golal
Means followed by similar letter(s) in each column are not significantly different

Ol o Wl )3 0u8 pldl ingly o pol> Gimgdy gl (ualis
125l 5| iy i 55 el 2L5 BAI LasLs 48 by
B 585 o 1250 ) (s coglitio (ol 5151 L (lolonle
i g (2o (JKiz g ae)jo bulyd )3 9 o5 ©E L gl
5 b YL il ol (¥ JS15) 48 Lol
Wl 015 0391 O Jogdo ) aalllae 3590 ad)le Jlox 55 by e li
wliwl polie a5 395 0 odalie O g ¥ Johis zli > cds b
lia U iuss g,y NBRT 3 NBR NDVI (sla jasLs
iolis cplplis ol SLigsen uoslee pla sl laasls
s L Lo jasls (ol b adllas 5)50 (5l ol 5l uuSs
Sl BAL 4asls (eYb g b bl Lol 592 3als oo (oL
L o0bj sl M a8 il 0 V-VIY 5 50 gy S
JUie el s (ojlge plo slp (adli opl claasknl ol

Sl (gl (b (Lo jadld (0o dglio 4 2295 L
Ly 45 395 oo odalitio ¥ Jgis S pans iy ciliio
2o L Ll t8gus 5l oo b Sy ol 138 BAI sl
O oS Cawd b ad s ple jo oS by g BBl 55l
s IR b Sl as)le 3 BAL (asli plie (4S0ke
Lajas i ool ol Jleasl b g 4l dgng jly ame M) Sd
0l 8 uu] LS bl Lm"j P &S eyl Culy Aalgsa
S e b byl colue 903, illis g5l plo 1) ol
D uLM)
S K 4 g gohw (35 o9t 3 &5 JWlas b
(S8 & 30 s AWIFS (sloosineias yslass ) oslizsl L Lilul
Gy oY LS asls ) & ol olis 15 plogl BAI asls
2 3 jrw (Pl g (K dB g (2lg o oMb PB Bl
9 Bev YO u;l_ﬁc d).:.)._ak_i_.\sm db‘b as g0 0N
o LS | (Alonso et al., 2007) 1k e bl |y ool o -+ -

Fig. 2. An example of Landsat 8 image of experimental fields (The middle image), BAI index image (Right image) and
burned field separating by high and low threshold of BAI index (Left image)
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Table 5- Low and high threshold of studied indicesin four surface cover

onb bl YU abwl el abie] Yy alwl ool aliv] YU abel b abie] YU st
Low High Low High Low High Low High
threshold threshold threshold threshold threshold threshold threshold threshold
NDVI NDVI BAI BAI NBR NBR NBRT NBRT
’:’; . 0.101 0.116 69.5 107.2 -0.036 0.001 0.124 0.149
Sk
Soil 0.114 0.112 9.1 9.4 -0.015 -0.004 0.143 0.152
i
L,
S 0.147 0.156 4 4.4 0.156 0.181 0.622 0.637
Residue
w0l
Green 0.450 0.518 6.4 7.4 0.416 0.505 0.435 0.491
plant

390 VoVIY L5 20 oy byl 3 BAL [adls jlade 45 (glo)lanle
whgw b JuSy plgisds g 00d ololid ENVI ldla s lawgs
gy e Obe b g)l3e yole gl (gl A a8y L )
5 omly Sl 5l 5 (S18) Lidey (gt 45550 9 (alS bl
il il €85 oyl ey b ool Lasls ool (oY
o3> i & Jgan 0 o)l zuls &S wd duwlee LIS (s g s
5 4o VY IS o i ile pl ol olwly (ol oais
Ll oy g (S como 9 YU el oy /A LI oy
Sloslitwl by gl50 plo il aidw g)l30 (gilulis oS aad o ol

3y gkl o) celocandly b oYL cds | BAI Lasls

5 oy sLnliwl 48 395 o odalia p3lis ol duslia b
L5 sl gl S g 2SS adle g5 5 Lasls ) GV
oS 9 Ll (g 500 ad)le 93 sl gl ol ) wa b
0L Les adllas 3)50 (sl padls oy Sl cnlply el it
£l 5 i 0 L5 alllas 3,50 U3 lse e sl 55 BA
Sl gilols (o)lee ple Iy 4 g

&l BAL (23Ls 5l oisel comdan gl oo, lasl lp
2 LS LG gl o 3 &5 4s)50 5+ (il g ganail
el silmlis (gl s oaliul 3 oab 03) 25T ac 30 VY
0a3Ls (VVIY) YL g (FA/0) b ailiwl &)l50 plo 5| a3 g
i ) iln s i pit 35 kil 3,50 BAI

BAI asls 5l eslil b sas dib <y obj)l (gl s s ple =1 Jo
Table 6- Confusion matrix to evaluate the accuracy of classification by BAI index

S

b L ol S (7)) 5 cone &
) Soil Residue Green plant Ash User’s accuracy (%) Total
Pl 0 0 0 12 100 12
Ash
okid 1 0 8 0 88.9 9
Green plant
Ll?'”’ 1 17 0 0 94.4 18
Residue
Jl_’ 18 0 3 0 85.7 21
Soil
& 20 17 11 12 60
Total
(7) suiiS sl e 09 100 727 100

Producer’s accuracy (%)

ALK s 5 do)d VY S s
Overall accuracy 91.7 and Kappa coeficient 0.89
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Sosliiwl (gm sbe) 93 5| Jolbs @bt duslie (ISl )90
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Couo uple pl gls bl cCuwl odds 0ol LS Y Jaas jo

el Cawday < IAY LS Co i g o yd MY IS

s i (s3llin LT g,
el ilwlir g eolie aiailb Gagh 5l Gise ol
il IUT 5l ool bl o 51 G g Clune (s g aBgu0
@l (o el gl a8 pLsl ENVIE I3l 5 )5 (s 4l
Om P &S LB acyie fe len gilulls g canaib el Casda
L s plosl 59 omd 035 il ac )30 VY 3 alS (cLls b

bt il silulaa 3JUT 5 eslil b eanails b)) sl las e Y Jga
Table 7- Confusion matrix to evaluate the accuracy of classification by L SUA

b () o6 como ger SB Ll jeeld sk
User’s accuracy (%) Total Soil Residue Green plant Ash
Fus 100 12 0 0 0 12
Ash
vkl 778 9 2 0 7 0
Green plant
Ll?'”’ 9%4.4 18 1 17 0 0
Residue
J‘f’ 80.9 21 17 1 3 0
Soil
& 60 20 18 11 12
Total
() 25 53 oo 85 944 636 100
Producer’s accuracy (%)
IAY LK o s 5 dopd MY S s
Overall Accuracy 88.3 and Kappa Coeficient 0.84
ook 3l ol mls 4o —A Jgan
Table 8- Results summary
B b g5l 5IU BAI jasls
Linear spectral unmixing -
BAI index
method
overall accuracy of 88.3 917
Classification
W 0.84 0.89

Kappa coefficient

2 Uad i oK sbel el pgbas @55 il odlitl 4 355 e
ol o3 s (g Kad g end 035 T (2l s (055
Aol Cuws aal gla JuSy ojlul wile Lolge 4 lad iy
i B g 4l S5 L oS ¢ Sty o S 4 4 g
ool |y dbg 3blio 45 (Slys pluw g dd5w (g o
Wb g Bblie dids g sl o3kl 3)90 w2598 g wlo3)S
SIS &S ol 5l (Evaand Lambin, 1998) 5 by  Siw

1- Bias

ledS (395 pallE Jds 4 gy cnl 2 s (8, VL
LA Byme 3 8ley 5 4 endmember lacay 4 S el
G5 o )3 35290 (B)le b Gl (goie g &S ()90
LT ol 5] o gl dge0 gl ysianl yrogidy xSl olKiws b 1)
Pgd e Jolb
=S Lo i S8 a5 slaeylsale polar el
a8 G594 Dbyl balore (sl JuSy < pglai ;5 4 daid o el L)l
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Introduction

Preserving of crop residues in the field surface after harvesting crops, making difficult farm operations. The
farmers for getting rid of crop residues always choose the easiest way, i.e. burning. Burning is one of the
common disposal methods for wheat and corn straw in some region of the world. Present study was aimed to
investigate the accurate methods for monitoring of residue management after wheat harvesting. With this vision,
the potential of Landsat 8 sensor was evaluated for monitoring of residue burning, using satellite spectral indices
and Linear Spectral Unmixing Analysis. For this purpose, correlation of ground data with satellite spectral
indices and LSUA data were tested by linear regression.

Materials and Methods

In this study we considered 12 farms where remained plants were burned, 12 green farm, 12 bare farms and
12 farms with full crop residue cover were considered. Spatial coordinates of experimental fields recorded with a
GPS and fields map were drawn using ArcGissoftware, version of 10.1.

In this study,t wo methods were used to separate burned fields from other farms including Satellite Spectral
Indices and Linear Spectral unmixing analysis. In this study, multispectral landsat 8 image was acquired over
2015 year. Landsat 8 products are delivered to the customer as radiometric, sensor, and geometric corrections.
Image pixels are unique to Landsat 8 data, and should not be directly compared to imagery from other sensors.
Therefore, DN value must be converted to radiance value in order to change the radiance to the reflectance,
which is useful when performing spectral analysis techniques, such as transformations, band ratios and the
Normalized Difference Vegetation Index (NDVI), etc.

In this study, a number of spectral indices and Linear Spectral Unmixing Anaysis data were
imported/extracted from Landsat 8 image. All satellite image data were analyzed by ENVI software package.
The spectral indices used in this study were NDVI, BAI, NBR and NBRT. Classification accuracy was evaluated
and expressed by confusion matrix and Kappa coefficient.

Natural surfaces are rarely composed of a single uniform material. Spectral mixing occurs when materials
with different spectral properties are represented by a single image pixel. The condition where scale of the
mixing is large (macroscopic), mixing would occur in a linear fashion. However for microscopic situations, the
mixing is generally nonlinear. The linear model ahich wasadopted in this study, assumes that there is no
interaction between materials. Assumption of LSUA is that each pixel on the surface is a physical mixture of
several constituents weighted by surface abundance, and the spectrum of the mixture is a linear combination of
the endmember reflectance spectra.

Within the context of this study, LSUA is a classification method that can determine contribution of each
material (or endmember) such as soil or residue for each image pixel.

Results and Discussion

The spectral response curve extracted from Landsat 8 image used as input into the LSUA model in ENVI
software. As expected, crop burned residue (Ash) spectra had lower reflectance when compared to the soil,
residue and green plant spectra. The contrast between residue, green plant, soil and residue ash spectra was
particularly evident in the NIR and SWIR bands. It is suggested that these bands are essential for residue
discrimination. Differences of reflectance in the visible bands were minimal, providing little discrimination
between residue, green plant, soil and residue ash. Burned area estimated by LSUA method from Landsat 8
image was correlated against the ground data (measured coincident to the ground data). The overall accuracy of

1 and 2- Assistant Professor and Researcher respectively, Agricultural Engineering Research Department, Kerman
Agricultural and Resource Research and Education Center, AREEO, Kerman, Iran
(*- Corresponding Author Email: marostami1351@gmail.com)
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classification with BAI index and LSUA method was 91.7 and 88.3 and Kappa coefficient was 0.89 and 0.84
respectively.

Results indicated that burned field area can be located and its area can be estimated using Landsat 8 images.
The Index BAI was selected as discernment index for burned/unburned fieldsin Landsat 8 images.

Conclusions

Present study was aimed to evaluate the accurate methods for monitoring residue management after wheat
harvesting. With this vision, the potential of Landsat 8 sensor local data for monitoring residue burning was
evaluated using satellite spectral indices and Linear Spectral Unmixing Analysis. Results indicate that residue
ash spectra had lower reflectance when compared to the residue, soil and green plant except NIR band spectra.
The contrast between residue, soil, green plant and residue ash spectra was particularly evident in the NIR bands.
Results indicated that burned field area can be located and its area can be estimated using Landsat 8 images. The
Index BAI was selected as discernment index for burned/unburned fieldsin Landsat 8 images.

Keywords: Crop residue, Landsat 8 sensor, Linear spectral unmixing analysis, Spectral indices
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Fick,s second law (in spherical coordinates) &M/dt=1/r 4/ dr (D_effr M,/ Jr] (Tavakolipour, 2011)

weibull model MR=exp(-(t/a) b) (Aghbashlo et al., 2010)
Henderson_&_pabis model MR=b.exp(-kt) (HendersonPabis, 1961)

two-term model MR= aexp(-k1t)+b.exp(-k21t) (Henderson, 1974)

Lewis model or Newton model MR=exp(-k.t) (Bruce, 1985; O’callaghan et al., 1971)

modified_page model MR=exp(-kt) n (Overhults et al., 1973)

thompson model
wang_&_signh model

t=aInMR+b.InMR2
MR=1+at+b t2

(Thompson et al., 1968)
(WangSingh, 1978)
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Fig. 2. Drying time of pistachio nuts to reach equilibrium moisture content at different treatments
(Different letters within the same column indicate significant difference (P< 0.05))
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1- Falling rate period
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Table 3- Curvefitting criteria of the thin layer drying models for the roasting of pistachio and Constant
coefficients of models

loJde ol Colps g dtuny (38 atd > S3b 4 usSiis slade G5l slajbae =Y Joua

0355 W 2 (5 paile K n
BEY) Roasting parameters
MODEL w kg R X*  RMSE %P k1 k2
x=time(min) Temprature g2 by a(min) b
Air velocity
20 06 0097 0000 0060 1263 12358 1072
120 13 0992 0001 0048 2255 9.659 1.044
120 2 0092 0001 0122 2011 8379 1229
Weibull 145 0.6 0.998 0.000 0.052 1.091 11.628 1.169
MR=exp(-(x/a)b) 145 13 0995 0000 003 1816 6.536 1.089
145 2 0997 0000 0017 1323 6.882 1.235
170 06 0999 0000 0051 0586 6.992 1179
170 13 0996 0000 0023 1371 5303 1.205
170 2 0994 0001 0069 1951 4053 1520
120 06 099 0329 0419 49925  -11.304 0.703
120 13 0948 5074 0307 156008  -8.879 0.434
120 2 0998 0088 0253 22284 9273 -0.871
145 06 0995 0348 0401 48534  -12016  -0452
_ Thompson 145 13 0897 6415 0361 140778  -7.348 -0.261
t=a.InMR+b.InMR 145 2 0995 0212 0328 39216  -7.277 -0525
170 06 0997 0161 0289 31135  -7.287 -0.481
170 13 0987 0339 0263 44294 5572 -0427
170 2 0955 33175 2235 499426  -4.186 -0.468
120 0.6 0998 0000 0027 1198 1032 0.0014
120 13 0092 0001 0032 2297 1017 000176
120 2 0986 0002 0135 3329 1054 000216
Henderson&pabis 145 0.6 0.995 0.000 0.040 1.609 1.049 0.00149
MR=b.exp(-k.x) 145 13 0995 0001 0039 1991 1031 0.00265
145 2 0092 0001 0073 2433 1074 000263
170 06 0994 0001 0079 2062 1047 000253
170 13 0987 0001 0082 2575 1101 000357
170 2 0965 0003 0112 4671 1164 000498
120 06 099% 0000 0019 1450 20.067 0.001
120 13 0962 0003 0118 4618 -0.073 0.001
120 2 0961 0004 0126 5629 -0.075 0.001
: 145 06 0997 0000 0057 1476 -0.070 0.001
V&/aRr;gﬂi_XSﬂngr:(r; 145 13 0939 0006 0144 6725 -0.098 0.002
145 2 0989 000l 0047 249 -0.107 0.003
170 06 0992 000l 0079 2430 -0.105 0.003
170 13 0989 000l 0002 2482 -0.140 0.005
170 2 0989 000l 0077 2669 -0.185 0.008
120 06 0998 0000 0019 0990 0.000 1035  -0190 0085
120 13 0992 0001 0032 2297 0.507 0510 0106 0106
120 2 0986 0002 0135 3329 0526 0528 0130 0130
Two-term 145 06 0995 0000 0040 1612 0524 0525 0090  0.090
MR= a.exp(- 145 13 0995 0001 0039 1991 0516 0515 0159 0159
ke X)+b.exp(-Kz.X) 145 2 0992 0001 0073 2433 0531 0543 0158 0158
170 06 0994 0001 0079 2062 0518 0520 0152 0152
170 13 0987 0001 008 2575 0543 0558 0214 0214
170 2 0965 0003 0112 4671 0.581 0597 030l 0301
120 06 099 0000 0069 1647 0.080
120 13 0992 000l 0047 2254 0.104
120 2 0983 0002 0118 3773 0123
Lews 145 06 0991 000l 0075 2429 0.084
L 145 13 0994 000l 0028 2166 0153
MR=exp(-k.x) 145 2 0985 000l 0033 3388 0.145
170 06 0992 000l 0054 2481 0.145
170 13 0977 0002 0034 3625 0195
170 2 0939 0006 0048 6580 0.257
120 06 099 0000 0069 1647 0.348 0.230
120 13 0992 0001 0047 2254 0.252 0412
120 2 0983 0002 0118 3773 0330 0373
- 145 06 0991 0001 0075 2429 0.357 0.237
Modified_page 145 13 0994 0001 0028 2166  0.365 0.420
MR=exp(-k-x)"n 145 2 0985 0002 0033 3388 0.461 0315
170 06 0092 0001 0054 2481 0.404 0.359
170 13 0977 0002 0038 3633 0512 0.381

170 2 0.939 0.006 0.048 6.580 0.399 0.644




VWA 090 Jluwows (¥ o Lol ¥ ul> ((5),9LesS g piilo 4y plis FeA

do)d g Slee Jpie il ialS (S qpe e (2 pieS
98l 93 bl Jlag Jae 29 b @ye (1Ske a5 Sl
9 Led 05ugd (0,5 Ay (slb o )..;L» odiad s &S b
= Bl Bl Cagby il Sitiew p Ip by sy
S92 SN LEY ()5 (il ploj oaimd i g 035 (o
bLs)l anl8 el 0 pa Jlil e pus b D ol 5 a2l o s,
SLid ey 39— SYL oamd i B ol g0 5ol o)l
(Corzo et al., 2008; Aghbashlo et <l uols el 5 s
g al., 2010)

U e Glop by Gy g Lod a5 b (Ui (il U]
Sl mine 5l ame )3 g atsh Jlog Jdo sl )l ine
ey g lod il b (Y Jods) cuily cugbey ials S 5
LS 4d 8 ¥/ QY —VY/YOA o3gae 13 A ol liue lop )b y>
VS AUV RPN [ YLV SRR VTN & S PRCONSEY o J %
St = Iy lo Sy g Lod 455516 93 2 itns 55T
ol Co g Los Gl b (S psboay adl oo cugh) ials
@ls a8 b GRIBl 5 Gl Dy el cuipa p)S g
(Corzo et al., 2010) cool 4535 gla yiag}s alie

Je calps 2 aygeil 32 Ign (e oy g lod byl 536
Ol (IS bt ad e AN (y9s )5 Sl ool b L
slales 3 (3,5 abp anl8 )3 1) diy Cugb) (BBl St
adal) ©pgoa Jlag Jao il oslitel b ugpuds 4253 VY-V
905 ol ()

I

Sladily jogas 5 NY M ST lie Sl csyo
(Henderson and Pabis, 1962) &l _se 4 Slye 5
Hutchinson and ) waw sbog) g bgw slog Iy </NF M st
S ol 4 ol Jb 53 ol Casl 005 sl;5 (Otten, 1983
St 2 36,56 Jole st p)5 (lop e p oSl o )
Ay ) o d=o o (7 JSo8) adl e ey 3 Cugby ials
J3h a cogh ) Hliss] pae iy Cavgy pd (daw Cugy Qs
9 (B Ceglio Joale 93 3929 5 (gilwoslel al>yo ) dtuy J2e
Adp Al ) Caby JUisl 3 lejen jsbdr (S Cuaglis
Slosiwl Casgy gm0 o Sl (clad 3939 0gMeds iy (3,8
Sy e Iy by S (I & Cunl (6505 U
BB 55t Cage g 03,5 (5550 Y LialS sl ond S5 Sl
5 29 Ao 33,5 oo Cgloy (L e (br Gy s
s S Sl oolatol b diwy (0,8 Suid ogad 3 oS
Sl ol ey 58U 1 (hie e e Jlow
Mohammadpour ) 1_ib e sdelcuna zuls alie 45 sledges
(et al., 2007

@3oidans 9 (155 sladae il
sleodhy U o0 Jde 93 g (0)o0dess Jaod dalllas ol 5
cowlio s o o dl)l.) L&»JJ.A dor 45" L5 03l u»)‘)) quc)]
Jie cewl ol asuie ¥ Jods )3 &5 &5 len (S7A¢) Ldg
(PN L) G s o iy Ly Jaoe e Jls

MR = -s.rp{l—"

=3.738— 0.03767T — 0.6505V + 0.00013872 + 0.1323V+ 0.00281TV

b S 1 s sl U g g9, s s |y JolS iy (2007
Wiwg e Ve )3 oyl JSb )0 diay (392 (g Joa
= IV¥ 039 e )3 Sy ¥ cgby D cugyS e (Bl
Dl g )d 0l ast e 6dgd e dliie 4T 10)S i+ /55
P9 oS o, L 1) (Razavi et al., 2007) ol 4zis
T (P9 S90S 2 Sejed Cluogad i pis g JS
Sy dppl 3 (il Sas g Ll oy B Sl el Cogb,
OleSe ssgby s 4 Joi Ll o ps (Sily pas ( Joj
U G g laroee (glod g Cagb) dlarjl (aee Llyd (35
L by csjloie g and as)S 4 L 3 0/VFx) - (M) 6,8

18178 - 6.3508T - 669799V - 0.0D0ST? + 13957617 + D36437TF
&= 1817.8— 6.35067 — 669.799V — 0.0006T* +139.576V* + 0.96497TV

ITH-00ITETT=0A S0V 0MLET +013T0V +Q0NEITY |

=

R*=10.95

=2

R*=10.85

=

Wiy ¥ S5 (50,8 ik 53 Smglo ) GRS (5l e

95 Gy adlale )3 iy ()5 Wy 5> Cagbs) ialS
PRI V) )j)o 9 ala_w )l ;4_’9b) )l_w.ul A.E_w]94\4 9 45 odalie
pgd abaly 3l a8 o Sy s Sid ol LL pd dalys
0 eolitl oy S 0555 s 5 g8 g Kb

2 s plaiels g eRenls SIS gyl Ay jo 5 Aty
UP—a> D S [EVE - [VFY ;4_’9)5 Gy 039 s (a9
Razavi et al., ) ol 0asd (355 13,5 5 00niS diny £95 0

1- Long pistachio
2- Round pistachio



ol ahp ol b o ud Sis S 198 0l 2 e o g bod 15l

Fome il Coyid iy g +/SM ST Gy oL o
Sloa Gl coyw 5 WClslos 3 (VEFAX) - m? 1)
o o3l LS ¥ Jgdn 0 a5 465 jled .05 dwloe YM st
el e 5] Gy dgn ol s g Lo il b e
ol 5 (D JS2) 4035 50 3585 b D domyd g (oo
Fo—o Ll o b edga e I a0l Mbm Sl
o)) ol sl s Seas wlys o (Ve YT mPs)
VNS
Sled 5> Ay ) Cugboy 395 o VoY Jlo )3 )0 S8
Ls V-5 st 0394 >0 ;3 |y g wduw 4_>)a ¥V
48 JUs 3 sl 8390 s sholl g 53 Y/Ve0x) - mPs?
2 dgl Ay ) Congby 3985 b S g 315 SLIK
mPs™ L5 0/FYx) - ST axga s j3 1, YO-V-°C Lo
Kashaningjad et al., 2007; ) a5s,S 3,55 A/vaxye "
Sy = liadss b b s)liS opl wols (Tavakolipour, 2011
Fe—5+°C olod odgiome )0 4 Sy oS diwy lad )l
Karatas and ) .l coiyllae (S/Y8xY - Ls ¥A0x) )
=l osds asuin ¥ Jods 10 & 465 len .(Battalbey, 1991
alhd o YL clales I oolil dhawlgay Limgss opl 5l Jols
Ay ()5 Sils yogad ) dubiS Oladss gl b (0 )S 4y
Gladsd 1 alie dond Cuwl Gglite V¢ +°C I jiaS slaled )
3585 Colyd pfisee ol Wb sanlie Ozdemir and Devres
Ay VeV cled jd 30b 0,5 Aldp .\;;T)é » ol b
JIPUJ)_{ML;I)_’OMMDJ9W)| ]) u»y.wlw
.Ju‘b.)w U»))S u;l..\.c
Ll o s Glise p dijly 5 (2l olo oS 5 Ao 5 Led
Sl Jsl Lo ils3l b (Rizvi, 1986) 5,38 o ,ib o jb
Jzd al3dl dawlgdy O 5o Jal olje ol dlawlgas g 3l
’ b oilBl (S5
s abaly b Loges Ll oy p Lo Lol st
2okl co s (e cps adaly pl 5 00,5 o duwbre
Gl 48,8 )1, 8 oalatwl 3y50 (glod ind jobdy calisee (slaled
du._mbmj = YmS 5uL))>L.AQ)_M)J 1/°k La.)wﬁ.cJ)Lmo
I8 S e gl co sl ilodld (551 cbd cud
FE/OYKIMOI™ Jlaie g pdy asl 5 e ¥ g VVY /Y /AN
GYF/VYY kI molt vy kI mol™ yA/avkd mol™
A duwle YY/YA kI mol™

28,5 plol (1) o (1) alay 51 oslizul

Dg = (LWT) /3 ()
oM _14d @]
ot _ror| " or (1+)

M,—M., 6 i 1 ( nEDT[Zt)
M. a2 2Rl 3
M—M, win r ()
g oy 1 0okl U il o (M) diy glais 1 g (M7ST)
(t) ol » IN(MR)

Lol (WY)

abaly b ply a8 odelcansay goxie opl o

_ Dsff.'ﬁg/"
k= gl
(V)

Ll (V) adadly 51 Jol aye o el 9 Ggmyiin Jo
=28 grodb L Jue cnl (Al 53 0 cup Shl 4 a2
slio 5531 s s Jae ile 5o Jde oyl sl oo >V,
adyy o US4 Glgiee dally cnl ol edlatal b gyl g
pasede ¥ Jodo )3 &S lmen Jae ol 53 gy S dally
Shesly Jo b as VoY b el ply ol oye 5:55ke oid
YLy o il oloj o5 087 ol U il oglite (_r%) ol
Ol 5 ogstin Jan lages 45 5,900 canl al slod 292
20,5 oo dlpiudy 5 ool Cauwddy b Suis YL sla oy can
Az Ve oYL cled o 50 0,8 by j0 aliie dond
Ozdemir and Onur Devres, ) couwl sais 5,155 55 wombo
sy g Lo il s Ll cu s aSl 4 a5 L (1999
adal) (3L S8 @ daly o cap I 0y 00 8 19 ol
Jae K caps (s yite plsisar) s (b copu g bod
999 120 e oo b Ana ge)S) Sl 0dlatul b (g i
A dwloe )Y dal) Oty Cughy palS St L) >
MR = 1.052 exp(-kt) ()

k=081-0.01116T - 007937 +0000039T" - 0015371 + 0.001318TT

G tudlas g5, g SR o pd daculae
Mbm&_%ch_mlawobdeb;‘J&ﬁ)odej;Om
ub?;&)w9b)))):9o)l~.w|wp ))UMWU)»O

):9_4 )l_w.ul W)_w uA)_uoS J._).))s 4.._wl>m P)_fd‘s_ba
AY°C sLod 55 o0 iy diges 4 bgsye (F/FIAX Y mS™)



A5 05 Jlawous ¥ 0los ¥ o 1(65,9LiS slagrmirlo gy ¥V o

In (ME)

-fi

time(min)

A 1 time (1min) B
50 40
412006
s AL45.06
e 014513
01452
C D
: 1
- 50
ALT006 A120.13
oi70-13 x145.13
01702 017013

E

Sglie slaled g cob ey 5 (A-C) @ilito (glod (slacie pur g ol (slod ;D dtun 3,5 adp oy 4 Carnd INMR lage5 =1 JKS

(D)

Fig. 6. INMR versus roasting time of Pistachios at different hot air velocity and constant temperature.(A-C), and
different hot air temperature and constant air velocity (D)
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Table 4: Effective diffusivity coefficient for drying of pistachio nuts at different conditions

O35 iy lod P55 &lgp Gl Sy P i o po
Roasting temperature Hot air velocity Effective diffusion coefficient

(°C) (ms™) Dest (M*s™)
120 06 4.418x10°
120 0.88 4.159%10°
120 13 5.238x10°
120 172 7.323x10°
120 2 9.088x10°
130 06 4.925x10°
130 0.88 6.152x10°
130 13 6.597x10°
130 172 8.022x10°
130 2 9.176x10°
145 0.6 5.176x10°
145 0.88 6.074x10°
145 13 7.61x10°

145 172 1.103x10
145 2 1.120x10®
160 06 7.827x10°
160 0.88 8.695x10°
160 13 1.029x10®
160 172 1.061x10®
160 2 1.348x10°
170 06 1.072x10®
170 0.88 1.300x10®
170 13 1.500x108
170 172 2.000x10®
170 2 2.648x10®
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The Effect of Temperature and Air Velocity on Drying Kinetics of Pistachio
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Introduction

Pistachio nut is one of the most delicious and nutritious nuts in the world and it is being used as a saltedand
roasted product or as an ingredient in snacks, ice cream, desserts, etc. The purpose of roasting is to promote
flavour and texture changes in nuts that ultimately increase the overal palatability of the product.Roasting
involves a number of physico-chemical changes, including heat exchange, chemical reactions and drying.
Knowledge of desorption kinetics is essential to predict the behavior of the material during roasting process and
to design roaster equipment.The main aim of this research was to evaluate suitable models for predicting
moisture ratio, the effect of air temperature and velocity on the drying kinetics of pistachio nuts and obtain the
effective diffusivity coefficient and activation energy in the drying process during the roasting of pistachio nuts.

Materials and Methods

Dried Ahmadaghaei pistachio nuts were supplied from Kashefan Kavir company (Dorgj co) in Rafsanjan.
Pistachio nuts were soaked in 17% salt solution for 8 minute and roasting was mvesugated at air temperatures of
120,130, 145, 160 and 170 °C and air velocities of 0.6, 0.88, 1.3, 1.72 and 2 ms™. Five semi-theoretical and two
empirical kinetic models were fitted to drying experimental data using nonlinear regression analysis techniques
in the Curve Expert 2.2 computer program.

Results and Discussion

Tow-way ANOVA indicated that temperature and hot air velocity significantly affected the drying process
during roasting of shelled pistachio nuts. The higher roasting temperatures and air velocmes resulted in the
higher drying rates. During first 10 min of roasting at constant air velocity of 1.3 ms™, 64.5%, 70.3%, 77.1%,
83.5%, 89.7% of the moisture were removed at roastlng air temperatures of 120 °C, 130 °C 145 °C, 160 °C, 170
°C, respectively. The high regression coefficients (R“>0.996) and low reduced chi-square (x?), mean relative
deviation modulus P (%) and Root Mean Square Error (RMSE) indicated that the Weibull models are suitable
for predicting moisture ratio. Correlations of the Weibull model constants with the variables of temperature and
velocity were determined. Additionall g/ effectlve diffusivity (Dg) determined by using Fick’s second law was
varied from 4.418x10™ to 2.648x10% m’s™ over the temperature and air velocity ranges. The lowest and highest
Dg; values were found for samples roasted at temperature of 120°C with air velocity of 0.6 m s*and temperature
of 170°C with air velocity of 2 ms?, respectively. Temperature dependence of the diffusivity coeff|C|ent was
described by Arrhenius-type rel at|onsh|p Also average activation energy was obtained 26.615 kJ mol™

Conclusions

The results of this study showed that temperature and hot air velocity significantly affect the drying kinetics
during roasting of pistachio nuts.The effective diffusion coefficient determined in this study was more than the
limits specified in food products drying at lower temperatures and there was direct relationship between
temperature and hot air velocity with effective diffusion. Activation energy was obtained close to some
agricultural products.

Keywords: Ahmadaghaei pistachio nuts, Drying, Effective diffusion, Kinetics, Roasting
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Table 1- Variance analysis of the effect of temperature and drying method on mint drying time

Sy abho @il Olupggeme Ol obe
Source of variations DF Sum of squares Mean squares
oF s 1 10522.168 10522.168 255945
Dryer
. 2 47123.007 23561.503  573118"
Temperature
o 2 3125.387 1562.693  38011.5"
Temperature x Dryer
(129
12 0.49333 0.04111
Error
S 17 60771.057
Total
V7 liedol gdaus 53 5l sine 5MSI**
** show significant difference at 1% level of probability
oSS s Jlite f1 (23 by 4 -V Jgo
Table 2- Cutting result of the interaction of temperature in dryer
Sy ibho @il ey Olup ggme Ol obe
Source of variations DF Sum of squares Mean squares
Y- (°C) sle .
(O > 1 10880 10880 264650
Temperature 30 (°C)
¥ (° Lo. o
(€) stes 1 1837.5 1837.5 44695.9
Temperature 40 (°C)
8-(C) sl 1 930.015 930.015 226227

Temperature 50 (°C)
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** show significant difference at 1% level of probability
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Introduction

Mint (Mentha spicata L.) cbelongs to the Lamiaceae family, is an herbaceous, perennial, aromatic and
medicinal plant that cultivated for its essential oils and spices. Since the essential oil is extracted from dried
plant, choosing the appropriate drying method is essential for gaining high quality essential oil. Vacuum drying
technology is an alternative to conventional drying methods and reported by many authors as an efficient method
for improving the drying quality especially color characteristics. On the other side, solar dryers are also useful
for saving time and energy. In this study the effect of two method of dryings including vacuum-infrared versus
solar at three different conventional temperatures (30, 40 and 50°C) on mint plant is evaluated while factorial
experiment with randomized complete block is applied. Drying time as well as color characteristics
areconsidered for evaluation of each method of drying.

Materials and Methods

Factorial experiment with randomized complete block was applied in order to evaluate the effect
of drying methods (vacuum-infrared versus solar) and temperature (30, 40 and 50°C) on drying time
and color characteristics of mint. The initially moisture content of mint leaves measured according to
the standard ASABE S358.2 during 24 hours inside an oven at 104 °C. Drying the samples continued
until the moisture content (which real time measured) reached to 10% wet basis. The components of
a vacuum dryer consisted of a cylindrical vacuum chamber (0.335 m’) and a vacuum pump (piston
version). The temperature of the chamber was controlled using three infrared bulbs using on-off
controller. Temperature and weight of the products registered real time using a data acquisition
system. The components of a solar dryer were consisting of a solar collector and a temperature
control system which was turning the exhaust fan on and off in order to maintain the specific
temperature. A date acquisition system was applied to register and monitoring product weight real
time. For imaging of dried samples, a semi-professional digital cameras Fuyjifilm Fine Pix
HS55model Barzvlvshn 921000 pixel was applied. Dry samples were used to determine the RGB
color model that consists of three whole red (Red), green (Green) and blue (blue) light intensity 0 to
255 (in this case, zero for black and 255 for white pixels) Finally, the average of RGB changes color
index were calculated as the mean change color of samples during the drying.

Results and Discussion

The results showed that drying time of solar dryer is more than vacuum-infrared (averaged: 201 versus 153
minutes). For two methods of drying, increasing temperature, made reduction in drying time. The maximum
drying time registered 237 minutes for solar method which was set to 30°Cand minimum drying time was
registered 112 minutes relating to vacuum —infrared which was set to 50°C. Color evaluation showed that the
effect of drying method on the changes of colour index (before and after drying) is reasonable. Vacuumed-
infrared dryer case with 8.75% color change was showed to be much efficient than solar dryer with 11.96%
change. Analysis of variance was performed due to the drying temperature index mint color changes and results
showed the reasonable difference. The highest and lowest color change related to the temperature of 50°C
(11.767%) and 30°C (9.197%) respectively.
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Engineering, Shahid Chamran University of Ahvaz
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Conclusions

Drying method as well as applying temperature showed rescannable effects on daring time and color quality
of mint. The vacuum-infrared method reduces drying time for all temperature treatments considered in this
study. Beside this, using vacuum-infrared showed minimum changes on color characteristic and can be say more
efficient in aspect of color quality especially at its lowest applicable temperature (30 C). Increasing temperature
causes the samples to be more darken for both drying methods. This phenomena may be related to replacement
of magnesium by hydrogen inside the chlorophyll and then causing the chlorophyll to be destroyed.

Keywords: Color, Dryer, Mint, Solar, Vacuum-infrared
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Fig. 1. Schematic of an ultrasonic nozzle function
(1. Ultrasonic wavelenght amplifier, 2. Vibration direction, 3. Piezoelectric transducer, 4. Water flow)
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Table 1- Experiments matrix to dry tomatoes
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Fig 3. Schematic of hot plate spray dryer
(1- Solution source, 2- Pump, 3- Drier bases, 4- Drier case, 5- Atomizer, 6- Atomizer holder, 7- Element,
8- Temperature contoroler)
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Fig. 5. Analyzed image by digimizer software
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Table 2- The variance analysis results of the effect of the plates temperature, the flow rate and the power generator on
the particle size

1,3 510
Particle size

Ot qlio @il aryy Olupe (ke F jlade
Variation sour ces (vs) df Mean square F value
(©ls) olys 2 54.6 117.7**
Power
(6 i) o2 2 26.2 565"
Flow rate
O A 2 0.09 0.21™
Temperature
X Ol 4 21 46"
Power*Flow rate
e ol 4 0.01 0.37"™
Power* Temperature
w2 x oo 4 0.03 0.92™
Temperature*Flow rate '
Le2 X2 X Ol 0.01 07"
Temperature* Power*Flow rate
k> 54 2.15
Error
J 80

Conss I3 G20 NS +/+0 gdaws )3 Jls gxe ™ /0 ) o jd o me™
**Significant at 1%, * Significant at 5% of probability level, ns No significant
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Fig. 8. The average particles size of tomato powder at three temperatures a) 130 C b) 140°'C c) 150 C
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Table 3- The variance analysis results of the effect of the plates temperature, the flow rate and the power generator on
the moisture content

Mgk Slyie
M oistur e content
[CAJOVES g9 91093 &85l 4y oNile F laie
Variation sources (vs) df il po F value
Mean
square
(©lg) ol 2 5.78 11921.4**
Power
(4632 51 k) 2 2 3.72 7674.25"
Flow rate (ml min™)
(g 423) Lod 2 293 6043.95"
Temperature
X Ol 4 0.012 25.42°
Power*Flow rate
led Xl 4 0.03 66.85"
Temperature* Power
Lo .k
o2 X o2 4 0.018 38.68
Temperature*Flow rate
Lod X o3 X ylg3 8 0.012 25 33
Temperature* Power*Flow rate
ks 54 0.000485
Error
Js 80
ofob gy s gme LN o s g™
** Significant at 1%, * Significant at 5% of probability level
BFL=13 (ml.min"-1) mF L=13 (ml.min ~-1) BFL=13 (ml.min~-1)
EF L=15 (ml.min ~-1) OF L=15 (ml.min -1) BF L=15 (ml.min *-1)
OF L=17 (mlmin ~-1) OF L=17 (ml.min -1) COF L=17 (ml.min ~-1)
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Fig. 9. The moisture content of tomato powder at three power of generator a) 25w b) 37.5w c) 50w
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Introduction

Preserving food products has been much regarded due to the population growth and food scarcity. Drying
food is one of the methods of preventing the waste of food products. Spray drying for which products that are
initiadly in the liquid phase is the most suitable method of drying the moisture. In this method, the solution is
turned into particles and droplets via mechanism and synchronous collision with the hot air that enters the drying
case. Moisture content is one important aspect of the food powder which is associated with an increase of
adhesion. The particles size is an important feature of the product due to its effect on the product appearance,
solubility, and powder fluidity.

Materials and M ethods

In this study for producing tomato powder, 10 kg of tomato available in the market which was not good and
did not have a good appearance but suitable for juicing was supplied. A meat grinder was used for juicing.
Tomato juice was filtered to become pure. Tomato juice was put in the 1.5 lit bottles and was kept in the
refrigerator for experiments. To spray the tomato juice, an ultrasonic nozzle with 20 kHz frequency was used.
Energy sources (TOPSONICS 400W, 20 kHz) was used to provide the atomizer power with adjustable power
from 0 to 400 W. In this study a hot-plate spray dryer was used to change the tomato juice into powder. An oven
was used to measure the tomato powder moisture content. 0.5 g of tomato powder was weighed and was put in
the oven with 70°C for 24 hours to be dried to lose moisture. To measure the size of the particles the analysis of
two-dimensional images was used. The photos were taken with optical microscope OLYMPUS CX21equipped

with a digital camera- SONY DSC-HX1. To illustrate the photos, the Digimizer software was applied. SAS
software was used for further statistical analysis.

Results and Discussion

Analysis of variance results indicated that the effect of the studied parameters was significant on the average
of the particles size except for dryer plates temperature (p<0.01) and on the moisture content (p<0.01). The mean
comparison of these effects was done via LSD method. The effect of the temperature on the particle size was
insignificant. The reason for this result is due to particles size that is an external parameter and is much related to
the ultrasonic nozzle features. The reciprocal dual the flow rate in the generator power on the particles size was
significant (p<0.05). The results analysis of the mean comparison indicated that particle size average of flow rate
13 ml min™ is smaller than the flow rate 15 and 17 ml min™. The least particles size mean is related to the
samples which have been produced with 25 watts power as it has the significant difference with 37.5 and 50
watts. The least particle size average produced with 25 watts power and the flow rate of 13 ml min™ and 13.8
micrometers was obtained.

Results of the means comparison indicated that the moisture content of the samples with 25 watts of power
produced less moisture content which was significant (p<0.01). Moisture content is strongly related to the
particle size and it makes the water transfer difficult and moisture content of the samples which is produced in
this power is less. Thus, when the sonication power increases, the moisture content increases too. The samples
which were produced in flow rate 13 ml min™ showed less moisture content than other flow rate levels. Results
showed increasing temperature caused decreasing moisture content of the samples. This is because the exchange
heat between the powders and the environment has been increased and more moisture was lost therefore, the
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moisture content decreases.

Conclusions

The results of this study indicated that the parameters such as ultrasoud power, flow rate, and the dryer
plates temperature on the physical properties of tomato powder like the particles size average and moisture
content were significant (p<0.01) except for dryer plates temperature on the particle size. The results indicated
that the particles size average in the samples with the flow rate 13 ml.min and 25 watts’ power has been
produced which has a significant difference (p<0.01). Likewise, the least moisture content of the samples with
temperature 150°C of the dryer plates and 25 watts power and flow rate 13 mL min™® was obtained with a
significant difference. It can generally be claimed that the tomato powder which has been produced with 25
watts’ power sonication and flow rate 13 ml.min has the best quality regarding the size and moisture content.
Considering the importance of drying the food products which are in a liquid form the effects of these
parameters on the value preservation and qualitative nutritional properties can be investigated within the
processes of drying, and the results can be applied before drying.

Keywords. Moisture content, Powder size, Spray dryer, Ultrasonic



Journal of Agricultural Machinery
Vol. 7, No. 2, Fall - Winter 2017, p. 439-450

B

IS Gl

S 39LiS sLamiilo &y i

A FYA-FB+ o YRS 030 Jlaass ¥ oyleds ¥ ale

b ol dble G Geslananl L "L e G403 5 B asls

Y A AT 5 %Y;—»-’M*W sl
LN o5 o= gl el e S - o e =305
AR TARIA R PR
WAL/ £/ -5 b pdy G )b

LXVCLS

) 29-diee ol g oslanr Juus )55 gty o Cusl o S sl ond 483 Ll 598 A8 (rimen g j5Smy Jsloxe Sy Jus

il glite Blg5 o ol o S5 LS5 g aliste gla J5 4 dtus o) 5l oddgble (9 5 Conl Juus (adib 55w slayzal)b 5l S
by calabs (gl 15 e 5 5 et litods (5305 1anS] (3lndag (sloySas b 5 oo comble ol (S 5 030l s Jlge ya
3yg0 (Mo )3 B0 g ¥D ¥+ yhu) LIS ciliseo (cladoyd b S e (cladiges il 5l alKilejl dujay 5 cewss Oliass 655 g
Lo 5 il joliiods & 5351 ol sy (ANN) Lo giumo s 45 5 (LDA) Las (S8 o (PCA) ol ailgo Jubos 15
o oil)ly 78Y Jolds ol (ol odle Sl ealitol b i janseis (gl b0l o2litul (obg omible la iS5l (la Sty
d;l.:..»ﬁ ;ga IR W) dj‘)‘ u_)l)ywla Sloluw ol uLAAA) C)Lo nTY ANN 9 LDA dl.h&j) dl).g [SVeRNEY d-\.\.id&.Jo N Z\" 9 X\" PCA L)':Jj)

sl e > i Ciliseo grobans (pm Slped g parsuis ) GIE 5 ptele

Gl e jase i 48 WS o alsl Lalb Juwe 4 1) b )S
Subari ef ) cusl 03,5 aslge o b ) &5 gl fuue 5 (als
al., 2012

djge Jrwe 3 B el e lp Slite claby)
sla gy 5l sykus .(Anklam, 1998) ol ai8 )5 )|)3 aalllas
Mateo ) Sb S )5 Jelod g 305 Jols condad 5 )5y 3850
Cotte et al., ) swlgusl S 5 «(and Bosch-Reig, 1998
9 (Tomas Barberan et al., 2001) 1 55sM S 5 (2004
Mateo ) cunl (bl Juloxs g 4 5505 alwges 00 ol o (slo yiol,l
and Bosch-Reig, 1998; Ojeda De Rodriguez et al.,
Pl Jed I8 s (S olerd Slaogad (pien (2004
B SS Copd (93,8 Bl dsgey o (s > B aseis
a3 o (Cotte et al., 2003) cul i

i ple (B1Sgileg S ale lise (Llos sla b,
GC-) oy it 55 35 5leg,S (LC-MS) * oy
laurp 9 (HPLC) WU 3,8kes L (555 (31,5 gleg S (MS

5- Liquid Chromatography Mass Spectrometry
6- Gas Chromatography Mass Spectrometry
7- High Performance Liquid Chromatography

sy il ol s S5 ol aie s 58 (gloly

doddo

ool eV gase 1l slajeiS | (S0 plyisa ol

joSamg Jolxe o ol Juus sl Je 2i3le (anbo (sla S
gy o5 Cunl b JS s0ed jlond 48 lodl 395 A5 (ieen
9 sl sloul (18 bl 29500 el g 5)5laen Juus
A Jpaze S lyisar Jue? (Mallin ozl 10
o3y ol 4 505 sy o 5l plaS n 3938) o5l &S 34 o iy
ol ool GlolEs LAl Jue (sl ol b ) €055 el
b (59,8 il 4 e 395 (ul 45 3)b 3529 ez
01 Jytuwn pé Sl g (ol b (als Juue pb b (A5
I egite g il glasliJrns (AL | (6ilonn o

IR o qutmger purige 1)) (olish IS S gal il -

Olyts o8l (559l g (pwdine 0aSiily bl =Y
ke 0y gi =)
oLl ¢(6yglutS 018l cuimmpmogny Sl uudige 09,5 g lalil ¥

(Email: mohtaseb@ut.ac.ir

3,5 e
e oK ¢ y5kd 5 Lptine Sl olyplil ¥
DOI: 10.22067/jam.v7i2.52910



VA% 090 Jluows (¥ oylols ¥ al (5 5)9LS glayiilo 4y yis ¥¥.

LQJM_C 45905 Bl p‘l&v YA S Lﬁlﬁ |) oo d.\aw ZR‘ )l
.(Zakaria et al., 2011) _\55)91 Cawddy

iS5 Sog Sl i 590985 Sl odliinl py pSls (oS
alllas gl cpl Caa (> wjledy )b WS (e CunS
e ol g g5 el Lol e (asis gl dlolw S
sl Sg iS558

b9 9 dlge
LA g

390 25 S Jus gy ol 9 00 o3t Juus (sladiges
S8 ol sl s bl sl A5 4l =S L 1 &S
S g ke O g e ] ondan (oddashas) Ay
Vs (S) ¥ s b oo Ol 5 ks 1S5 S oy a5l
095 by be b (o5 (slo s oo 9 005 bles (i )
A do B 5 YO e ho () B sladoys b )SS cupd
72 51 pr5 0 el plosl jglaiods iad 4d LS rb Jus
g b AL3S Lges dladoes (493 oyl > (63 JB ) diged
0olsS o tylof] )3 30250 (595ly5 dlgas Wigad 1o (59 s
(Sky- oli5 ol (55ysliS slagile (swiige 09)5 (So 3
ilogyS y & 505 o,.S0jlisl Jadever-max 600- e.g 100 g)
185 8 talesl 2)50 S Sl (e bawgi )l A dadigas

g S G ol
S5 s, SKis sl g Sl o saable ol
sblw j> (Ghasemi-Varnamkhasti et al., 2011) ¢l
N Cowlas Vb ol 65lub > 4 wasel) oLy owile
Y guazs g (2138 dlgo | mewg cads (gl Canlio o OL»T Sl
A odlazwl (MOS) (6518 suST golbdas sl S 5l (gj)5lisS
Wiges g oS dlrases (s (ool ol Jlaidyge dilolw
JosS 5 ooy (B Slopd @l e @3 Jpaos ailole
A 3y90 (2bgr tle lab 51 (slojlo)lo N JSS Ll (355
ACO-5501 ) oy 5 ol s >yl dilobs oy oo LS 1
Cuwl d&8> 5 0 VY oo b (From HaileaComoany, CHINA
o el yglatedss ol 418,513 diges alaime J3Is 5 oS
A9V 90 45 gie 93l oad b wlss jlidy9e (S0 S
aol p)laa SO YIY S, i dw 1 ioed b odlitl
Cdg WS o0 5Ly (b 4 s S (Ko a8y cile
o (513 Blp 3 J S jslaieds (pioren b odliiul (il oo

4- Distillated water

X% 445; )lgdu u’_)l.)& Jya}u Cono uw dl)J &49)3‘9)J|
M gyl Lol iz )8 5 3285 o Llows g9l (] cund]
Ceon o silwodlal (aase pylS @ 5L YL anse wlke
Roussel et al., ) xiib o Jdoo lp SYeb loj g badiges
> oUly slacydgize 4 lg o MU S50 51 (2003
Gde 4SSl yiaS Cuwlas) ol 8l 685k asle Ll
Sy A0lg7 od 2131 &Sl g (Al az8,5,1)8 gy (oo D Y ob
Nagle et ) 5,5 oLl (5,5 )3 oolatwlyyge ST jlas g9 05
{al., 1998
(S5 ) abigr omdle U L (o (65L8 S Tps!
03Lil b 1) ooy (slngy Llg oo 45 ool 4Bl danwgs ([ g Sl
(Mahmoudi, 2009) aa> ;lis 5 Gaseis | ¢ Sas sbal )l
5 oludl oL wlbolw jl Lo Spd uisle Jolge Sy Jols o
loslawl fpiored g b Sus (659lid )0 xyw gl iy
Bhattacharyya and Bandhopadhyay, 2010; Ghasemi-)
2 S5l i sdes odlaiwl (varnamkhasti et al., 2011
9 38 dnwgi gl 1) SUK Koo oSl G cnlie Coian
Collasl (slapusl)lg Sen @y sl ges Gde (s
s ‘_s.ia_mJ J_m_c w_x‘o 9)]ar— 2D o 451)1 slud & u)l.wl.\.w 9
o o 2 ldlyis cmBoe b Live dlosjl —dlises Jslge
Radovic et al., 2001; )b (cyqly5 b, 5 Sojdorgs
Jool g (& e ol ISl 1A 5 (Bogdanov et al., 2002
s 5l Bie (pdiz 9 30 392 )3 OLS 5 ()8 e gy
Of9y ale (IS dge (390 (i g Juol (e (sl K98
Mildner-Szkudlarz et al., 2010; Son ) <3 &g, ¢l ol
Oy j {Hai and wang, 2006) s >uS” - s, det al., 2009
Ales )" ool 6 e g 0908 «sl> (Heidarbeigi et al., 2015)
o L S il i 3l ooliiad b 1y (i Y guame Lol
Iy Jos 5l ote Slaaseiin g1 g jlac 63,8 Slolis 720 ylueb!
iz il salugas Jhd Sl 5 Jle glyisar g wind oo (L3
S b (e Sidg Sl (o Wloler G 485 00
Iy uo (gadal YU [FRIRWR 5 i odlazwl (zZNose™)
150 y) ccwday S claJglre g ciglite (sla s gl slp
Oeile dilelw g4 S pimed (Lammertyn et al., 2004)
o b glite o e 3 A& paseis ¢y by
YL ooy 9 09358 gy Jus ladiges )3 1) S5 Oglite

1- Machine Olfaction
2- Electronic Nose
3- Sensor Array



¥RV ol crmilo ailobu 5 31 ooliswl b " )US™ June digas 10 il s

3l B=ios ol 3 &S Mgy 00 80 olie dlge Sb5H g pasts
Cowl 005 oalail LmL'J

T 4 oxd 2hb e S by (Sg Sl lajd S 25 5y
s, S 5 g5 wST ooladas o Sus bl ials clg
Slr SogpSUl  sailolis > & dien (63,1)08 9 5ld )b,

oo 2

Wges daize —0 By (slayed —F Loy dlaisee =Y (SY3) 03 Juuasss diloles =Y &ibly =) 1 obg pmile dilobus o)l )b =Y JSWS
O3St JguS =V i gy g WY my =5

Fig. 1. Schematic of a machine olfaction system: 1- PC 2-Data acquisition system 3- Sensors array
4- Solenoid valves 5- Samples chamber 6- Pump 7- Oxygen capsule

o)) Slasuie 5 K9Sl i wilobo > oddodlitul sla\Sus =) Jodo
Table 1- Sensors used in electronic nose, main applications and detection ranges

EXVLIVIC R gL (ppm) Lawduis als S
Detectable gases Detection ranges (ppm) Sensor
MQ3

I ?
Alcohol gas 10-300

b sl g > J MQ5
LPG and natural gases 300-10000

2l Gl —aSlsige (S MQO
CO and combustible gas 10-1000 CO,100-10000 Combustible gas

Ledlgus (59,40 MQ136
H2s 1-200

S ] ot MQ131
088l S S 03555 10-1000ppb ?
NOZ ‘Clz Ozon

O3t e guo ‘Jl,;’a] 10-10000 MQ135

Ammonia, Sulfide, Benzen




VA% 090 Jluows (¥ oylods (¥ ulo (5 5)9LiS glayiilo &y yiis Y¥y

& L E
KX
H_ﬁ_ ‘ _ﬁ_H Vot
SR, T
*01v
H
& —E‘,éa [j\é}j—B
Nl
H

(w2) oo )3 S (slaasly (b )8 by 5 (Cunly) S oo =Y S
Fig. 2. Sensor circuitry (Right), Configuration of the bases of a sensor in the circuit (Left)

By Alsyo )3 ad 0 03b jaue b Kus (g5 5l Al VY we
B9y 2 ol 0 dund diges dlbie )3 &S oy bawed M glas
Ly sy il g3 g s By Al Voo to 4 by Sues
WS (o g o)l Sl (s g £5 4 s S g2 (29,5
Voo Gdo dy iS5 calbizes 5 b Sue (gl dls o )
225les (Bl 9 Jl 6P 290000 03> youe oS (59, 5l 43U
Cuomd oyl )3 Cpimen LS o 5aed 1) S iy pdy 9 il
3D 50 05250 oy byl dSged adaaos J3b )3 oile (go
wlolis G alwgay 45 FY+ 3 Sus Fewly D4 0 )15 calaines
LabView 2012 15815 5 U osds g 5240l 1 (,5YL50) 00l Jusass

Dedise 033 9 Spslen

Lasals Jalas g 43323

(sla i 335 dmosly o 5 4,55 55 s
3ySlas sy o 3L b cledMbl il b ol b S
Lo ,S s 55 & diunly (g U 5 9 0yl oSl ausels (gla oo,
als o o dol (Pearce et al., 2003) cul cglits ’\19‘*’“’ 9 039
Gol) e s 4 o b b S ey el o300 ey
oAl )8 Gilidl g Bliodl le pslates & cud o (Sl
sla Ui jl Lo Shy gl Gl 9)0 S oS
S8 oalatl 3yg0 ¥ JSS 3 0as &l caisyloj codelCamd ey
V g > b JUSew (A3l ke 53 0oliteldyge (b9 dw .08)S
ool o 00l LS

s gy ol 3 el 48 84 (o pu8 gy i ol 5
2 4B e 9 39000 05 (Xs(1) (s Rue ks I (X4(0)) Lo
g 3o (5(1) 08 (3300 iy Gl 2298 o0 ol yRu> Foly
Lo YU ol paw BB &S ola S gl 5 cal ord Jloy
.(Arshak et al., 2004) 55 o o ol |y Gl S0l

MQ g3 (MOS) (5585 a1 (solntag S i
&lolw > (HANWEIElectronics Co., Ltd., Henan, China)
Vdsi o Lagl la Sty o cul 4, 54 Sog sl iy
e S, 0y 69y 50 S opl il s 0ol LS
SOV USS b Caad o dlgiidiy 0l lawgs a5 S e
S0 gty s i gonly wngn O |y S (5l oo 3
NI USB-6009, National ) (,SYLws) ool Jioass dilolw
b odd g el g pasud Sbl) G 4 oud Juog (Instrument
el Cunddy LabView 2012 l53ls 5

abejT plasl Ghig)

Sy oo 03b ojlal g ol LSS diges dadee J3b j3 diges
aladms 4y Ly diged (gLad pl Dgd p diged 5L alaass oS
abaises L\ Sus db (glad o e a0l o Jlanl b S
b S gusly g 39800 3olr S lon b g 0l S Lo S
Soglaen 1y ods (S 2305 o p o s JMde 4 [N
Jlos g s Gl qalie &5 (S sl JUSiw S5 4 g 038
Ghasemi-Varnamkhasti et al., ) &S o Js45 Adl (g 5gnelS
G5 e bt pusad 5 dw slp obe il wilolw (2011
SL lpa b asges adaione 5 baySs (3,5 Sb g 908 592
el 033 (552 (5 555)

LM jolatod, bl 5 «Jue (sladiges (59 (903l plos sl
oile Yol dli VA s &y cdiged gy b dlaises J3b (glon
ysite 035 gble (692 (line g Jpamme £95 4 diun 220yl )
el 5 (1] on Camrty s 5 s 908 Ygona 5 035
SIS jolateasy Lie s onal alaye )3 25800 9,
G 5 L L 4 L S Gonly (s U S el

1- Baseline



PV ol crmilo ailobu 5 51 ooliswl b " )US™ Jue digas 10 il s

A
=|  Xsit)fspn
e (Sensor response)
§ \ i
o
7] I
2 |
& |
a |
4 I
3| Xs0) ]
|
\ .
Lwdaa : |
(Baseline)! | |
PRI » oy J e Sy ) ———>
(Fresh air) (Odor Pulse) (cleaning time)

ged g3t 4 S gl =V SO

Fig. 3. Sensory response to sample odor

(Arshak et al., 2004) odl> (5lo 555y i slobg, — 1 J g
Table 2- The methods of pre-processing of data (Arshak et al., 2004)

o ‘-l) J?‘)é
Mathematical formula

0995
Method

ys(t):Xs(t)'Xs(O)

5= x,(t)(x,(0))"

Vs (xy(0) - x0))(x(0))!

Differential

Lo
Relative

S

Fractional

Olsieas pid by & Cosl (gundib (o) gl (s S
Uigy oyl yd (Fisher 1936) ub 8ym0 6 pusiiod i Juloo
2 ol o b S S a bgyge slrodh &S sl ol G
ol calises gla WS slaodh 5 o5 v 4y odddlonl (glad
g Sl Laooly (oS oy (SaSTy Ko ojleds il o0
(Tudu et al., 2008) s Jolas o S g, (SuiSTy,

s &S b Sy imgiy ol jd ady JlSa ANN by,
Tl 4 5 s Y (@ &Y Joli Y aw | MLP
GO9S 4iile (293 &Yy ey Y 3 woly a
é-’l—’ 6l_>4_> ol odliwl c)l_) as st u_)l lJ '\’SU" Jo.c
iy Byo (035)5 Y claasly .ol TadseSw a & glaili]
g olpl s eige ) sm Y @ 9399 polie @iy
(Haykin, 1999) wad o pbsl |y (slapule

N

6- Hidden layer
7- Perceptron
8- Threshold

9- Sigmoid

55 si2hlb 3o 5 laySe sy el Sl S, 53
ailye o | o] daosls (55l i ] it
4. pzpen 5 (LDA) T ld KS& o (PCA) ' Lol
B3y Sa PCA 38,5 155 o2 3,90 (ANN) " gtimn g
3lmed i 53 01 baSlid iy g ol B g 0 itariy
kol slaadlie Jilod 3l oo b Sy gl § (s glaosh
i ol 4 25 148 eolaul 590 03l slal ialS gl Wlgs o
3513 1y iloly )3 58U oyt o5 1y 00l dcganmas | olmadlye
&y 03 S & y90a PCA by, (L et al., 2007) x5 o Lais
E520 4 g D9y 00 )54 bodly candab 5 Sl 0,8 asie
Fuasudie MOT o cgles 5 el a5 WS o by 1y eesl
.(Mahmoudi, 2009) »a.
oo e Pon syl canaib ey Sy LDA o,

1- Principal Component Analysis
2- Linear Discriminant Analysis
3- Artificial Neural Network

4- Unsupervised

5- Supervised



VA% 090 Jluows (¥ oylods (¥ ulo (5 5)9LiS glayiilo &y yiis Y¥Y¥

Scores
0.4 o W
20% @
03 35% &
50% o©
0.2
Z 01
o5
o 0
o
-0
-0.2
-0.3
-08 -07 -06 -0 -04 -03 -02 0 0.1 02 03 04 05

PC-1 (30%)

)L’S J.w_c Jo A.A.lﬁ.) ST vty dl)). PCA )].)96.; -£ JSJ-:?
Fig. 4. PCA score for adulteration detection in Kenar honey

#U e slp bosl (liome sloadss 392 (e polaiod,
Jlea 55 &y xlaw (Heidarbeigi et al., 2015) 59, 0,54
Jb > 85 LB wyy 3)90 o )3 Be 9 YO Ve e o
it oS Ly S5 (ol s w305 o (sl bl
igad ¥ a0 3 culplly 1085 8 tlol 390 K9 S
ges . d)S )l 8 ealatwl 3y5e (g I y00 13 Ceawd ol (gl
ol 7Y (Jgl Lol adlge g3 i PCI-PC2 LG ;5 PCA
» ol slacds 5 LS Jue o (PC2 =7V 4 PC1 =/A-)
DS n
Wl s assdy el ge;d badiges a5 bl ;]
2 (18)5es) Ltz i sl g lainay Sing) ogees
DB P o0 39 (slayldges 13 A5 oy laog S (gjluli
b ol ol adlie o (gl 1) Sig Sl g sl S (o
ol Glaadie jooe (59) g e o Sy e 420
xS Ol ol S onl & ey (S35 n Bl b
o el g et g Jain)ee 5L o] 48 oS co S
Al 8 5 IS S i ] i i
U 5,8 Glis 6,5 s b 51 o s e Lzt asuds
Aol gials obig el alebw (6)Sus al)] colo ayjn
225l i o jeiie ages 40 JSb Syl 905 53 (pimen
Cusddy PCA Juo)d Jlaid g0 (sla pusio 3y50y0 (SleMbl dga oo

1- Score Plot
2- Loading Plot

L 6399 i ANN (o]l dcgamo )3 S s (slp
(95> &Y 9 3, ol d);o)'l.\ﬂ JLew 5loss by srosl
23l Jwe o s g5 ke suail lp oS ke
5w 5 (o> &Y o (tanh) LSS (olw i mb ANN
Levenberg- o, 1L g sloul aSid w9 005 olawl
slbs e a8 w63l opl g 0 03> 396l Marquardt
S (3y5) Cwddy gl wil (MSE) ' 5o lin o
A Do 03laiwl 25w 4Y ) alisee (slae,S (godbdigg
9 45d sla2g B om 5Ske luje glbas (1,8 Jolus (<
sLmylssla s ps Lamodly bjls s aid o0y yb5g-0l (ably ,lado
Unscrambler X 10.3 4 Neuralsolution5<Microsoft Excel
.45 plsl (CAMOAS, Norway)

PCA galia
Osd g 4w o il S ) bosly degoze (Sauowy PCA
Iyl oaly (uibly wloly s 9 badiged (gaiaab jI  SleMb
ol odby L ¥ S o Lol sleadie (oSl jlbges 3,5 o
ooy il yls (PC2 9 PC1) pgs g Jol (slaadlie a8 cunl
Vs Lol addie 95 AiS o o |y diges (580l 5l Jols
255l ogai )l 1y (ol (gloodly > uilyly Jlade a5

1- Mean Square Error



¥¥o

(52l rpble lobis Sy 51 kil 1 US" ot diged 59 S (e

Py G a8 MQ-3 S cuslagyl o (siie (Stuan
JSI5LS a8 88 ammis ylgi o0 g )b (W& Jue (aseds
dizzn alS pglaieds 9 )0 e saieil )3 1y b (o ieS

dge Blo 1) S ol ol o (655> )]

JoB i « Sy Jlages 5l edlitul b o e  Stseds 0] o
aS aad o plis ol dalie 90 Ko sl jbged .l Sya
S Jg ol alse 555 2 MQ-131 5 MQ-S (slo S
FSobe &S5 Bl 1) b i ped adlhe (59, » MQ-135

Correlation Loadings ()

MQ-136
-

o

PC-1

0
(80%)

Jue i Lasis p PCA oo Koyl lhges =0 SIS
Fig. 5. PCA Loading plot for honey adulteration detection

= oolyly oy g 0550y )0 (sladdlie )y Lol slrosly p
oged a8 25 dloul Loy WS 413905 U Laud o g1 je8 (g Hooro
e pasds (o LDA () 2)Sles 290 g0 0ilss oS
03; o5 Leave-One-Out suiw,liel jl oolawwl b jLS™ &
DP9y OABSSE oSl 905 29 o0 oaalie oS ol A3
iwaib gl 1y Ve as i Aoy & JSi > LDA
L s i wnd o S S (ol (5l o
I SLo &8 sl o 03,1 ¥ Jgio )3 )L (B e (st
Iy el sla e diges (gdod Cunl B yogy (pl &S Canl oyl

NUSIEVIC vy e

LDA i
Olyedr S b poia hy) Jlesh jl i b ySus Zuly
3 gy ol adyS ey (b S8 Jdos g 62959
Sreahl ganaib by, SO g auabd )8 sla b,
ay pYL s b glad ey oy 5l eslatwl b 1y a wMS™ g0
ales 5l olisy ey ol 4 Ll o S8l @ il an
e cands S oo Glib shs b ply dolio s SSa5

LD1- ) Jgl ol adlie g3 as dogi L5 IS p3 oSl 390
oibyly Jhde aiiins p cdYs Lol adlie 93 .Shads g (LD2

LDA sandib plicel oyl =Y Jos
Table 3- Classification confusion matrix of LDA

W digos

0%  20% 35% 50%
Samples
0% 8 0 0 0
20% 0 8 0 0
35% 0 0 8 0
50% 0 0 0 8
g b oy 100% 100% 100%  100%

Correct separation rate




VA% 090 Jluows (¥ oylods (¥ ulo (5 5)9LiS glayiilo &y yiis Y¥s

Di s cnminabon
P W i i s vim
=40 35504
50 L
-80 §
-100 §
-120 §
-140 4 3
1 ok
-180 §
-200 §
220 § 2
-240 4
260 §
-280 §
-500 4
=320 4
-340 4 1
-360 §
-350 -300 250 180 -100 -50 ]
LDl
A& s gladigel sy LDA)IAQQ - ‘154.3
Fig. 6. LDA score for adulterated honey samples
(ANN) eguas uac &b stnaib plizel yuple —€ Joua
Table 4- Classification confusion matrix of ANN
Beos
w9 20% 35% 50%
Samples
0% 0 0 0
20% 9 0 0
35% 0 9 0
50% 0 0 9
e Golulir 2o 100%  100%  100%
Correct separation rate
SO sl e a8 Jdo (g b oolaiol (945 5 A5 ANN by

03P AL (e Y G ()Rus) (63959 piite £ b 53959 4
Ordn Jae gl sl (o298 e T L (29h Y Koy
9y e i 5 (F i) b ols 70 e LS Js
Sg 3 cpldS amy (acdd gtd ) sl ded Cuile Hlaidyge
S e > s (55l S81 53 ol pmile dilolus (VL s

A o olis |,

.

& 25 4o
b o abpes Sl o sbls S gl ol 5
s > B s jslaiea (38 s (oolbdey (gl S
s p g ool Cliwas @ lpl ol e85 )5 edlatul 390 )US
Ot Ol € ) 151 LB ey G g il Sl alStlojl

(sl U Ll ey e 45 ) ) a5 (0l 52

3)las (ol ooliil Jus > &5 il golaw (anad b
5 (MSE) Uis clay o Silse 1 o0litl L o5 ool (slndSicd
2 S S Ghj9el sl 29500 e (1) (Sturad
D9-diea plonl s Slape (1Sl 9 oz &Y (slagyg s 2w
9 (¥ ) (omimmyliel (75 +) Lojgmel Caomnd dw 4y Waodls allS
ite Y i yg 3l alisce dlasi g B0 s (Y +) Lol
by (29 AY Glp SIS sile]ld @ly oeen 5
S 3 g9 A oS Jue 3 F ilite gslaw ladiges ol
g Sl H0,65 1 jlme Bl JBlus 5l a8 del Cawday ke Y
Sy gy oS higel ptepsSl o)l (st 0l ol mln
Y Gl Sgpe clBb @iloJlé U jl g 29 ©)lsS e

1- Back Propagation Error



YYv Sbar rilo ailobi G 31 ool b " HLS™" fuue diged j0 Gl (ausid

LT ool plosl L s o S 00 s Blanl 4 bgypo
)yl 48 0 ek de g ol ddr e by Kus clbls (Koo
JoB b lg o Juus 1> i paskits lp jlaidjge s S
P elize peaw D G asidd D by dw b ol LAll
yausulS 3D 6y Olaans oS aad o Loy |y ISl ol Loy uue

PCA ity i ot ol ol il g

oAl ) (alig odle (UlE (g yglaieds ANN g LDA

yaus 5 gl a8 )5 )8 eolatul 5y50 HLST e 10 & golaw
Ohgy 4 il yls 783 Jolis 2l (b ouile jl oolatwl b s
e iy o e g sandib <8y /Vee 4 4Vee PCA
» 1y Lo 6,5 anl)l oUlg 5l alST .55 ANN 4 LDA
slo S calo (o b g ped ol lp canlie (655 proual

References

1.

Anklam, E. 1998. A review of the analytical methods to determine the geographical and botanical origin
of honey. Food chemistry 63: 549-562.

Pages 73-100.

2. Arshak, K., E. Moore, G. M. Lyons, J. Harris, and S. Clifford. 2004. A review of gas sensors employed
in electronic nose applications. Sensor review 24: 181-198.

3. Bhattacharyya, N. R. Bandhopadhyay. Electronic nose and electronic tongue.

Nondestructive Evaluation of Food Quality, Springer.

4. Bogdanov, S. P. Martin. 2002. Honey authenticity: a review. Mitt. Lebensm. Hyg 93: 232-254.

5. Cotte, J. F. O., H. Casabianca, S. Chardon, J. Lheritier, and M. F. Grenier-Loustalot. 2003. Application
of carbohydrate analysis to verify honey authenticity. Journal of Chromatography 1021: 145-155.

6. Cotte, J. F. O., H. Casabianca, B. Giroud, M. Albert, J. Lheritier, and M. F. Grenier-Loustalot. 2004.
Characterization of honey amino acid profiles using high-pressure liquid chromatography to control
authenticity. Analytical and bioanalytical chemistry 378: 1342-1350.

7. de Rodriguez, G. O., B. S. de Ferrer, A. Ferrer, and B. Rodriguez. 2004. Characterization of honey
produced in Venezuela. Food Chemistry 84: 499-502.

8. Fisher, R. A. 1936. The use of multiple measurements in taxonomic problems. Annals of human
genetics 7: 179-188.

9. Ghasemi-Varnamkhasti, M., S. S. Mohtasebi, M. L. Rodriguez-Mendez, J. Lozano, S. H. Razavi, and H.
Ahmadi. Potential application of electronic nose technology in brewery. Trends in Food Science &
Technology 22: 165-174.

10. Hai, Z. J. Wang. 2006. Electronic nose and data analysis for detection of maize oil adulteration in
sesame oil. Sensors and Actuators B: Chemical 119: 449-455.

11. Haykin, S. 1999. Multilayer perceptrons. Neural Networks: A Comprehensive Foundation 2: 156-255.

12. Heidarbeigi, K., S. S. Mohtasebi, A. Foroughirad, M. Ghasemi-Varnamkhasti, Sh. Rafiee, and K.
Rezaei. Detection of adulteration in saffron samples using electronic nose. International Journal of Food
Properties 18: 1391-1401.

13. Lammertyn, J., E. A. Veraverbeke, and J. Irudayaraj. 2004. zZNose™ technology for the classification of
honey based on rapid aroma profiling. Sensors and actuators B: Chemical 98: 54-62.

14. Li, C., P. Heinemann, and R. Sherry. 2007. Neural network and Bayesian network fusion models to fuse
electronic nose and surface acoustic wave sensor data for apple defect detection. Sensors and Actuators
B: Chemical 125: 301-310.

15. Mahmoudi, E. 2009. Electronic nose technology and its applications. Sensors & Transducers 107: 17.

16. Mateo, R. F. Bosch-Reig. 1998. Classification of Spanish unifloral honeys by discriminant analysis of
electrical conductivity, color, water content, sugars, and pH. Journal of Agricultural and Food Chemistry
46: 393-400.

17. Mildner-Szkudlarz, S., and H. H. Jelen. 2010. Detection of olive oil adulteration with rapeseed and
sunflower oils using mos electronic nose and SMPE-MS. Journal of food quality 33: 21-41.

18. Nagle, H. T., R. Gutierrez-Osuna, and S. S. Schiffman. 1998. The how and why of electronic noses.
IEEE spectrum 35: 22-31.

19. Pearce, T. C., J. W. Gardner, S. Friel, P. N. Bartlett, and N. Blair. 1993. Electronic nose for monitoring
the flavour of beers. Analyst 118: 371-377.

20.

Radovic, B. S., M. Careri, A. Mangia, M. Musci, M. Gerboles, and E. Anklam. 2001. Contribution of
dynamic headspace GC-MS analysis of aroma compounds to authenticity testing of honey. Food



VA% 090 Jluows (¥ oylols ¥ al (5 5)9LS glayiilo 4y yis Y¥A

21.

22.

23.

24.

25.

26.

Chemistry 72: 511-520.

Roussel, S., V. Bellon-Maurel, J. M. Roger, and P. Grenier. 2003. Authenticating white grape must
variety with classification models based on aroma sensors, FT-IR and UV spectrometry. Journal of Food
Engineering 60: 407-419.

Son, H. J., J. H. Kang, E. J. Hong, C. L. Lim, J. Y. Choi, and B. S. Noh. 2009. Authentication of sesame
oil with addition of perilla oil using electronic nose based on mass spectrometry. Korean Journal of
Food Science and Technology 41: 609-614.

Subari, N., J. Mohamad Saleh, A. Y. Md Shakaff, and A. Zakaria. A hybrid sensing approach for pure
and adulterated honey classification. Sensors 12: 14022-14040.

Tomas-Barberan, F. A., I. Martos, F. Ferreres, B. S. Radovic, and E. Anklam. 2001. HPLC flavonoid
profiles as markers for the botanical origin of European unifloral honeys. Journal of the Science of Food
and Agriculture 81: 485-496.

Tudu, B., B. Kow, N. Bhattacharyya, and R. Bandyopadhyay. 2008. Comparison of multivariate
normalization techniques as applied to electronic nose based pattern classification for black tea. Pages
254-258. Sensing Technology, 2008. ICST 2008. 3rd International Conference on: IEEE.

Zakaria, A., A. Y. M. Shakaff, M. J. Masnan, M. N. Ahmad, A. H. Adom, M. N. Jaafar, S. A. Ghani, A.
H. Abdullah, A. H. A. Aziz, and L. M. Kamarudin. A biomimetic sensor for the classification of honeys
of different floral origin and the detection of adulteration. Sensors 11: 7799-7822.



Journal of Agricultural Machinery @ — $309LS slappilo 4y s
Vol. 7, No. 2, Fall - Winter 2017, p. 439-450 st NG FYA-FOe (0 07 pgd Jlunosd F 0;lels ¥ aler

Detecting Adulteration in Lotus Honey Using a Machine Olfactory System

M. Hajinezhad'- S. S. Mohtasebi’’- M. Ghasemi-varnamkhasti’- M. Aghbashlo’
Received: 10-01-2016
Accepted: 27-08-2016

Introduction

Honey is a supersaturated sugar and viscose solution taken from the nectar of flowers, collected and modified
by honeybees. Many producers of honey add some variety of sugars in honey that make difficulties with
detection of adulterated and pure honey. Flavor is one of the most important parameters in the classification of
honey samples and the smell emitted by the honey depending on the different flowers and constituents that could

be different. This causes using an electronic nose system to detect honey adulteration.

Materials and Methods

Honey samples used in this study were lotus honey that was supplied from a market in Karaj city, Alborz
province, Iran. Adulterated honey, along with percentages of fraud (by weight) of zero, 20, 35 and 50 percent,
was prepared by mixing sugar syrup. Each group of samples, nine times were tested by the electronic nose
system. The proposed system, consists of six metal oxide semiconductor sensors, sensor chamber, sample
chamber, data acquisition systems, power supply, electric valves, and pumps. Electronic nose is planned for
three-phase system baseline correction, the smell of sample injection and cleaning of the sensor and sample
chambers with clean air (Oxygen). Responses of the sensors were collected and stored in 420 seconds by a data
acquisition system and LabView ver 2012 software. We used fractional method in this study, in order to improve
the quality of the information available and to optimize the array output before passing it on to the pattern
recognition system. Linear Discriminant Analysis (LDA), Principal Component Analysis (PCA) and Artificial
neural network (ANN) were the methods used for analyzing and recognizing pattern of electronic nose signals.
Data processing was carried out using Microsoft Excel, neuralsolution 5 and Unscrambler X 10.3 (CAMO AS,
Norway).

Results and Discussion
PCA Results

PCA reduces the complexity of the data-set and is performed with no information on the classification of
samples. It is based on the variance of the data-set. For PCA analysis, overall PC1 and PC2 explained 91% of the
total variance among Lotus honey samples and the adulterations (PC1=80% and PC2=11%). The results indicate
that it is clearly possible to recognize Lotus honey with adulterant using electronic nose systems.

LDA Results

The LDA method for the detection of adulterated honey samples using leave-one-out validation was
estimated. The method is most widely used as a method of classification that maximizes variance between the
clusters and minimizes variance of within classes. By applying LDA on the collected data, 100% accurate
classification for detecting of honey and their adulterations was obtained. It can also be concluded that this
method could recognize adulterated honey samples properly.

ANN Results
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The back propagation multilayer perceptron algorithm was used to classify and to detect honey and
adulterated types. Performance evaluations of each designed networks were compared by mean square error
(MSE) and correlation coefficient (r). The data were divided to three subsets: 60% was used for training, 20% for
testing and the remaining 20% were kept for cross validation.After network training and validation using
optimized ANN model, i.e. 6-8-4 structure, success rate for 4 outputs (0, 20, 35 and 50% adulterated levels)were
found to be 100%.After detecting adulteration, e-nose system accompanied with ANN can accurately classify
honey from honey mixtures with fraud materials.

Conclusions

An electronic nose based on six metal oxide semiconductor sensors was used to detect adulterated honey
samples. Electronic nose system can successfully classify between original honey and the adulterated one by
pattern recognition method. The PCA, LDA and ANN techniques and analyzes of the electronic nose were very
useful for evaluating the quality of the lotus honey. The results of these methods were used to classify the fraud
in Lotus honey. However, there is a need to do more researches on the detection of adulteration in other

agricultural and food products by electronic nose system.

Keywords: Adulterated honey, Electronic nose, Principle component analysis, Sugar
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Table 1- Meteorological details of the study site (Dryland Agricultural Research Station, Maragheh) from 2010 to
2014, and average the long- term (Mahmoudi, 2015)

o glod lod lawgio Ofle ) dlaad g,
<=ly; Jad L gy Absolute Mean Lod Yo P
Croping Rainfall ~ Evaporation temp. (°C) temp. (°0) Average Number of Relative
season (mm) (mm) Min  Max Min  Max temp. days blelow  humidity
0 zero (%)
2010-2011 3514 1108.6 495 2146 242 1214 7.09 130 52.45
2011-2012 272.0 1071.0 -7.85  18.18  0.84 9.8 5.39 142 57.12
2012-2013 352.1 1229.4 -6.55 2090 1.87 11.77 6.84 120 54.20
2013-2014 289.3 126.2 -44 2114 319 1549 7.84 103 74.36
Long- trem 336.5 1757 -4.2 23.5 4.2 14.6 9.4 128 47.5
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Table 2- Technical specifications of equipments used in the study
ol g9 S o [, Gos Sas O Aol /3¢5 E590 £9 [axs 45
Implement Working (cm) cuils aBlw [y, A8l 3, Type of oS 3Lyl
type width Depth:Tillage/ Number of (cm) Fertilizer Type of
(cm) Planting row/Shank  Row space/ distributor tine/
tem/ seed
Shank sys Furrow
opener
225 25 9 25 - C
Chisle packer S
b5 oaldS 120 25 3 - - -
Mouldboard plow
iy (o2 ol 95
Diskharrow 275 10 - - Spherical
Offset
(53 cm)
S 9SE ol o8
Stubble mulch Sald Saud
cultivator 220 20 5 - - Split chisel
wing share.
double
disc, roller
2l 8 b 221 5.7 13 17 Pked Sl hopls
Alvand drill Fluted roller Shovel
s S )lfu.]a$ Sile u’.ﬁ.‘i)L" Pl e
Baldan SPD 3000 ol S Sy
direct drill 272 5-7 16 17 Floating Double
spiral/Fluted disc
roller
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Fig. 1. Soil moisture content at assigned plots for different treatments (Before tillage opration)

CT: Mold board plough plus diskharrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 5% according to Duncans Multiples Range Test.

P8 el 5l 8 g (25 oy )3 gl o & s SB gl Sl (S pe uilly 4 -V g
Table 3- Combined variance analysis of soil moisture variability compared to initial state at flowering and before

harvesting stages of wheat

Mean square of soil moisture S5 Cugb,y Olay o (15bo

e el df  Floweri 45 ds Before harvesting cadls y 51 b3
Sources of variation owering stage » efore harvesting Cudls s 51 L3
0-10 cm 10-20cm 20-30cm 0-10 cm 10-20cm 20-30cm
Year Jl 3 10771%** 7509%* 8105.6%* 2237.9%* 846.2%* 1284.9%*
Error Jls (slas 12 1232 217.5 267.4 19.5 24.3 75.7
Treatment Lo 3 303.9%* 2299%* 423.6%* 514%* 310.5%* 178.5%*
YearxTreatment jlos x Jbo 137.9%* 114.4%* 50.86™ 79.3%* 36.8%* 1.17%
Error J5 (slls 36 315 38.9 27 8.5 8.4 8.1
CV (%) oy oo 72 6.8 4.2 13.1 19.0 20.5

I ixe pt 108 woyd N Jleis] paws j3 )l gxe ¥
o Significant at 1% of probability level ns: Non-significant
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Fig. 2. Effect of tillage systems on soil moisture variability in different soil depth at flowering stage of wheat (Average

of 4 years)

CT: Mold board plough plus diskharrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Fig. 3. Effect of tillage systems on soil moisture variability in different soil depth before harvesting of wheat (Average

of 4 years)

CT: Mold board plough plus diskharrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.

puS cuslyyy 5 B g (23S lpe > S 5l ogasie pr2 S je uilly 45 € Jgue
Table 4- Combined variance analysis of soil bulk density at flowering stage and before harvesting of wheat

Mean square of soil bulk density S1& 5,2 ogasw 0o Ol (1WS5ko

e gile df Flowering stage 2.5 dls w0 Before harvesting cuild o 51 L3
Source of variation )
0-10 cm 10-20cm 20-30 cm 0-10 cm 10-20cm 20-30cm
Year Jl 3 0.025%* 0.0052%* 0.00024** 0.0424** 0.0711%* 0.084**
Error Jls slks 12 0.001 0.0003 0.00004 0.0021 0.0009 0.001
Treatment )l 3 0.052%* 0.0229** 0.02274%* 0.0563** 0.0413%* 0.006**
YearxTreatment jlasX Jlo 9 0.007** 0.0023** 0.00017* 0.0004™ 0.0005ns 0.000™
Error Js cslas 36 0.001 0.0002 0.00006 0.0012 0.0006 0.001
CV (%) olss oo 3.0 1.2 0.6 3.2 2.0 2.3

Pize NS o> B g doyd N Jlain] o )3 )b dize ey S

£

** *: Significant at 1% and 5% of probability levels respectively, ns: Non-significant
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Fig. 4. Effect of tillage systems on bulk density during flowering stage and before harvesting of wheat in 0-30 soil

depth
CT: Mold board plough plus disk harrow, RT: Chisel packer, SC: Stubble mulch cultivator, No: No tillage
In each column, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Fig. 5. Effect of tillage systems on soil bulk density in different soil depth at flowering stage of wheat (Average 4 years)

CT: Mold board plough plus disk harrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Fig. 6. Effect of tillage systems on dry bulk density in different soil depth before harvesting of wheat (Average of 4

years)

CT: Mold board plough plus disk harrow, RT: Chisel packer, MT: Stubble mulch cultivator, NT: No tillage
In each soil depth range, means followed by similar small letters are not significantly different at 1% according to Duncans Multiples Range Test.
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Table 7- Mean comparison of effect of tillage sysytems on dryland forage and wheat yields
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Values followed by the same letter in each column are not significantly different according to Duncan’s new multiple range test at
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Table 8- Mean comparision of morphological traits of dryland wheat in various tillage systems
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Introduction

Winter wheat is an important, well-adapted grain crop under dryland condition of the northwest of Iran. Soil
water is the most limiting resource for crop growth in dryland areas. Therefore, farmers need to use crop residues
and minimum tillage to control the soil erosion and effectively store and to use the limited precipitation received
for crop production.

Crop rotation and tillage system could affect crop yield due to their effects on water conservation and soil
chemical and physical properties. Galantini et al., (2000) studied the effect of crop rotation on wheat
productivity in the Pampean semi-arid region of Argentina and found that a wheat—vetch (Vicia sativa L.)
rotation resulted in higher yield and protein content, and greater yield components than the other rotations.Payne
et al. (2000) stated that where precipitation amount is marginal (400 mm), dry field pea offers a potential
alternative to summer fallowing. The purpose of this study was to identify the optimal tillage system for
increasing crop productivity in a vetch—wheat rotation in dryland farming of the northwest of Iran.

Materials and Methods

The field experiment was carried out from 2010 to 2014 at the Dryland Agricultural Research Station
(latitude37° 12'N; longitude 46°20°E; 1730 m a.s.l.), 25 km east of Maragheh, East Azerbaijan Province, Iran.
The long-term (10 years) average precipitation, temperature and relative humidity of the station are 336.5 mm,
9.4 °C and 47.5%, respectively. The soil (Fine Mixed, Mesic, Vertic Calcixerepts, USDA system; Calcisols,
FAO system) at the study site had a clay loam texture in the 0-15 cm surface layer and a clay texture in the 15—
80 cm depth.

This study was conducted in vetch (Vicia pannonica)- wheat (Triticum aestivum L.) rotation. The experiment
was arranged in a randomized complete block design with four replications. The tillage treatments consisted of
(1) conventional tillage: moldboard plowing followed by one pass of a disk harrow (CT); (2) reduced
tillage:chisel packer (CH); (3) minimum tillage: Stubble mulch cultivator (MT); and (4) no-till (NT) with
retained previous crop residue.

At beginning prior to the tillage operation, only wheat stubble was present on the soil surface. A uniform
tillage treatment was applied to all plots using a chisel packer in October. A shallow tillage was also performed
using a tandem disk harrow just prior to winter vetch planting. In the second, third, fourth and fifth years, the
tillage treatments for the vetch and wheat planting were similar. A winter wheat cultivar (Azar 2) was sown 6 cm
depth at a rate of 350 seeds per square meter with an Alvand conventional and Baldan NT 250 no-till drill.
Vetch cultivar Golsefied was drilled 8 cm depth at a seeding rate of 85 kg ha™' using Alvand drill.

The following parameters were measured: heads of wheat per square meter, 1000-kernel weight, kernels per
head, head length, plant height, and wheat grain yield. Grain yield was obtained with a plot combine harvester.
The dry matter content was determined and yield corrected to a standard moisture content of 130 g kg™

Rain use efficiency (RUE) was calculated by dividing dry weight of grain yield by growing season
precipitation.

Soil water content and dry bulk density were measured gravimetrically (drying method, w/w) in cropping
seasons.

Results and Discussion

Conservation tillage treatments resulted in water saving in soil layers. In both stages of soil sampling, the

1 and 2- Assistant Professor of Research, Dryland Agricultural Research Institute, Agricultural Research Education and
Extension Organization (AREEO), Maragheh, Iran
(*- Corresponding Author Email: i.eskandari@areo.ir)
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most soil moisture variability to initial state was observed in plots which planted as no-tillage. The moisture
variability of no-tillage system was 23.4% higher than that of conventional tillage system at 10-20 cm soil layer
in flowering stage of wheat.

Effect of treatments on soil bulk density in different soil depths illustrated that conservation tillage can
reduce soil bulk density during four years.

According to the results of this study the overall infiltration in no-tillage was 1.58 times more than that of
conventional tillage system.

Yields under no-tillage and reduced tillage were higher (4% and 6% respectively) than conventional tillage.
Grain yields under direct drilling were similar to those obtained using the reduced-tillage (Chisel packer) system.

Conclusions
Based on the results of a 4-year field study on a dryland production system in the northwestern cold
continental climate of Iran, minimum- or no-till winter wheat crop production in a vetch—wheat rotation were the
most efficient soil management practice from the standpoint of grain yield production and rain use efficiency.
Overall, in this study, the no-tillage treatment is proposed as the best treatment in terms of grain and biomass
yields and mechanical properties of soil.

Keywords: Direct drilling, Soil physical poreperties, Tillage, Yield
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Table 1- Some physical properties of the studied soil
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Solltedure o)  (96) (%) %) (gem)
o 33.3 45.8 20.9 104 1.45
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Table 2- The selected levelsfor the factors
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Variable Symbol Levelsof variable
(-1) (9) (+1)
Depth of wing (cm)
Bend angle (degree)
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Rake angle (degree)
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Table 3- The results of draft and vertical forcesin selected points with central composite design

e CoT (G il bEwl
. Studied variables Responses
Sl c 1z - : .
JUsrS)lBBes Lliagl;  aes agl; S Gop (53908 (59
Treatment ; .
Depth of wing  Bend angle Rakeangle Draft force Vertical force

(cm) (degree) (degree) (kN) (kN)
1 5 10 75 4.576 2.001
2 15 10 75 4,719 2.150
3 5 30 75 4.279 1.633
4 15 30 75 5.635 3.037
5 5 10 225 3.666 1.288
6 15 10 225 4.658 1931
7 5 30 225 5.740 2.457
8 15 30 225 7.525 3.472
9 5 20 15 3.346 1.259
10 15 20 15 5.162 2.396
11 10 10 15 3.914 1.723
12 10 30 15 6.213 3.211
13 10 20 75 5.014 2.207
14 10 20 225 5.068 2447
15 10 20 15 4.946 2.393
16 10 20 15 4.555 2.116
17 10 20 15 4.609 2.099
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Table 3- Analysis of variance (ANOVA) of draft and vertical forces of winged chisel plow

(05 99gkS) (oialS (593 (x5 gwighS) (53908 9
Draft force (kN) Vertical force (KN)
G Sl e OFUTITE L BRE g, gy, opeR) s DA
df M ean square Regression p- value M ean square Regression p- value
= coefficient ~ Prob>F = coefficient ~ Prob>F
Jae 9 1.65 4.67 0.0009 0.62 2.20 0.0023
Mode
X1 1 371 0.61 0.0007 1.89 0.43 0.0007
X2 1 6.18 0.79 0.0001 2.22 0.47 0.0004
X3 1 0.59 0.24 0.0559 0.032 0.057 0.4746
X1 X2 1 0.50 0.25 0.0728 0.33 0.20 0.0455
X1 X3 1 0.20 0.16 0.2205 1.39E-3 0.013 0.8793
X2 X3 1 2.34 0.54 0.0026 0.60 0.027 0.0137
X12 1 0.41 -0.39 0.0987 0.35 -0.36 0.0402
X2 1 041 0.42 0.0810 0.20 0.28 0.0980
X2 1 0.42 0.40 0.0949 0.050 0.14 0.3779
b ol 7 0.11 0.056
Residual
il pae 5 0.14 0.2600 0.068 0.3119
Lack of fit
ol s 2 0.045 0.027
Pure error
F 16
Cor total
e 492 222
Mean
Sore Sl 0.34 0.24
Std. Dev.
el 6.83 10.64
CV.%
R2 0.9495 0.9338
Adj- R? 0.8847 0.8487
Pred R? 0.6069 0.2661
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Introduction
The dynamic response of soil on tillage tools, is an important factor in determining their performance. For a
tractor with a certain size, a reduction in draft force, the working width and speed of tools can rise and result in
increasing performance and reduce costs. Researches carried out in order to reduce the draft force led to design
and build new tillage tools called Bent Leg and Parra plows. The dua bent blade sub-surface tillage tool was
built and examined inspired by the shape of a bent leg. The researches indicated that the combination of a dual
bent blade sub-surface tillage tool and chisel plow could be used in order to reduce draft force, loosen the seed
bed by the chisel plow and wings, increase in soil disturbance area by the wings, and create a suitable space for
root growth by chisel plow. Since the fuel consumption and traction power of tractor are the limiting factors for
pulling tools in the soil. The rake angle of tillage tools is the penetration factor of the tools to the soil. It is
necessary to determine the optimized rake and bend angles according to their effect on draft force and better
penetration in soil. In this research, the Response Surface Methodology (RSM) was utilized to determine the
optimized points of wing geometry of winged chisel plow in order to minimize the draft and vertical forces of

tillage tool.

Materials and Methods

Using the properties of dual bent blade subsurface tillage implement and chisel plow, the winged chisel plow
was designed by Catia V5R20 software and was built in the workshop of mechanics of biosystems engineering
department at Shiraz University. The effect of three factors of working depth of wing (5, 10, and 15 cm), bend
angle (10, 20, and 30 degree), and rake angle (7.5, 15, and 22.5 degree) were analyzed on draft and vertical
forces of wined chisel plow in soil bin of Kargj Agricultural Engineering Research Institute. The length, width,
and depth of the soil bin were 24 m, 1.7 m, and 1 m, respectively. The most important issue was to study the
main effects and interactions of factors. So, the Response Surface Methodology was selected. With the help of
this statistical design, the numbers of experiments were reduced and all coefficients of quadratic regression and
interaction factors were estimated. The experiments were conducted based on the central composite design
considering three main surface including central and axial points for each factors. For each response the
quadratic polynomial models were obtained using the multiple linear regression.

Results and Discussion

The results indicated that fitted quadratic model for draft force corresponded with the experimental data by
determination coefficient of up to 94% (R? > 0.94). Increasing the depth of wing, the contact with loosened soil
decreased that led to failure in unloosened soil around the chisel blade and increase in pressure to the blade. The
results showed that the effect of bend angle was significant on draft force and increasing the bend angle, the tip
of wing located in deeper place so, the draft force was increased that was in line with previous researches. The
effect of rake angle was not significant on the draft force and its effect on the model was positive and negligible
which was reported positive and significant in previous works. The fitted quadratic model for vertical force
corresponded with the test data by determination coefficient of up to 93% (R?> 0.93). The effects of wing depth
and bend angle were positively significant on the vertical force of the tool but the effect of rake angle was
negligible. The increase in vertical force with increasing bend angle was further in deeper wing position.

1- PhD Graduated student of Agricultural Machinery, Biosystem Engineering Department, Faculty of Agriculture,
Shiraz University

4- Associated Professor, Biosystem Engineering Department, Faculty of Agriculture, Shiraz University

(*- Corresponding Author Email: karparvr@shirazu.ac.ir)
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However, the impact of rake angle was seen in vertical force and the effect of bend angle was not significant in
vertical force in rake angles of 7.5° and 15°, but it was significant in rake angle of 22.5°.

Conclusions
The draft and vertical forces were determined 3.43 and 1.31 kN, respectively, at optimum condition (wing
depth of 5cm, bend angle of 11.1°, and rake angle of 19.46°). The proposed model to predict the dependent
variables were very close to the results of obtained experimental findings. The wing depth and bend angle had
positive and significant effects on draft and vertical forces but the effect of rake angle was positive and
insignificant on both measured traits.

Keywords: Draft force, Rake angle, Response surface methodology, Vertical force, Wing chisel plow
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v- Passive earth pressure theory
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Tablel- Parameters used in McKyes-Ali Model
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yad L e 29 UHMW-PE Steel
Property Sign Unit
oadld C kPa 34 34
Property
Sk .uuh uS Ly Cc kPa 16 18
Soil cohesion
*% . . .
_)‘;e' Sk S b y gr crd 117 117
Soil-Tool adhesion*
wPgae Uiy S degree 19.7 237
Specific gravity
*%* | N
IO ® degree 31 il
*Tooal friction-Soail
nternal Frictionl
daw y3)lg HLadles! W m 0.09 0.09
rge PressurepSurech
* .. .
Ax uo.)" D m 0.2 0.2
*Tool width
#)5 Gas
A degree 48 48
*Depth
* 1. .
il dles ayl3 vV km ht 35 55
Rake angle of the tool*
#) o oo Vv km ht 35 5.5
Speed 1*
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B39y Wglate 3Ygd g Sy (e b yaS s ol s
*Related to the geometric parameters of tineand plough adjustments
** These parameters were different between the Plastic and the Steel tools
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Fig.2. Polyethylene sheet placed at the bottom of direct
shear apparatus for soil-tool friction test
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Table 2- Predicted draft forces according to McKyes-Ali Model

Ay g (i N il 5950

Tine surface

Draft Force @ 3.5 km h!

UHMW-PE Szl

6070.03
UHMW-PE Plastic
Vb 7050.10
Steel

N (oialS (5950 Bo
Draft Force @ 5.5 km h!
6070.07 47.26
7050.08 49,91
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Table 3- Farm draft test results
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Speed limit Tine type Draft mean value Draft LW Slip ratio
(N) standard Measured (%)
deviation speed
(km h)
i 7390 102 3.85 9
Steel
35kmh?
el o 5450 82 3.89 5
Plastic coated
it 7750 71 5.54 13
Steel
55kmht
Kk by 5640 75 5,58 9
Plastic coated
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Table 4- Comparison of the predicted and the measured draft forces (real)
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*Improvement term sets for reduction of draft force when using the UHMW-PE coated tine instead of the stee! tine.
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Introduction

Improving the efficiency of all agricultural operations has always been important for farmers and engineers.
It is well known that the force required for cutting a soil using narrow blades is a function of soil and
environmental physical properties, tool shape geometry and the tool’s surface characteristics like soil-tool
adhesion and friction. Soil tool adhesion can reduce ploughing efficiency and quality. It may aso halt the
movement of tillage machines in more severe conditions. Adhesion can also disable some machine abilities,
which can result in a significant reduction of machine performance. Adhesion of the soil to seed-bed preparation
tools like furrowers can significantly affect the germination rate. Reducing soil tool adhesion of furrowers can
reduce draft force and improve ploughing efficiency. Many researchers have worked on methods of reducing
draft force by modifying the surface material and/or surface texture of the plough tools. A good prediction on
draft force of atool before producing it has always been important for farmers and engineers. There are some
models for predicting the draft force of narrow blades in soil. McKyes-Ali’s model is widely used because of its
accuracy and simplicity. Ultra-high molecular weight polythene (UHMW-PE) is a polymer with ultra-high
weight and long molecular chains and is well known for its outstanding physical and chemical properties and
self-cleaning abilities, which reduce soil-tool adhesion. The aim of this study was to investigate usability of
UHMW-PE coated furrower tines for draft force. Analytical and experimenta investigations were carried out
during the research. A comparison was conducted between the analytical and the experimental method. The
results of this comparison can be used to determine reliability of the analytical model for predicting the draft
force improvement caused by the surface modification on tines using different surface coatings.

Materials and Methods

Eight tines have been built. Four of them had a thick coating layer of UHMW-PE, and the other four were
made of pure mild steel. Each set of the tines have been installed on a four shanked chisel plough chassis and
then attached to a tractor. The draft force required for pulling the furrowers attached to the tractor has been
measured by a simple load meter mechanism connecting two tractors. Draft force has been measured in two
different speeds. Slip ratio of the tractor has been recorded. Each test has been repeated three times.McKyes-
Ali’s proposed model for evaluating the draft force of narrow blades has been chosen to predict draft force of the
traditional steel furrower tines and the surface coated ones. To drive the model, a computer program has been
coded in the script environment of Matlab software. The model required some of the mechanical properties of
the soil and the tool to operate. Specific gravity, cohesion and internal friction angle of the soil have been
measured by routine laboratory methods. Soil-tool adhesion and friction of the mild steel and the UHMW-PE
plates have been measured using the direct shear apparatus.

Results and Discussions

MkKyes-Ali’s model has predicted draft forces with an accuracy of 90%. According to the results of the
driven model, applying a UHMW-PE coating layer to the surface of the tines can improve draft force by 13%.
The change of tractor speed from 3.5 km h! to 5.5 km h! have no significant effect on the predicted draft forces.
The model also predicted different angles of the soil failure zone for coated and uncoated tines. On the other
hand, the improvement of the draft force for the UHMW-PE coated tine in the field test was about 27%.
According to The results obtained from the field test, the draft force of the furrower tines had significant
correlation with the speed.
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3- M.Sc. in Polymer, Department of polymer engineering, Tarbiat Modares University, Tehran, Iran
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Conclusions

The UHMW-PE coated tines required significantly less draft force to work in compare with the steel tines.
McKyes-Ali’s model predicted a significant improvement (13%) in draft force for the UHMW-PE coated tines.
According to the experimenta results, the improvement of the draft force was about 27%, which was amost
twice as predicted. Although the McKyes-Ali’s model could predict an improvement for draft force of the
UHMW-PE coated tine, but the actual improvement was about twice of the prediction. According to analytical
and experimental results, applying a layer of UHMW-PE plastic on furrower tines can improve the draft force
significantly.
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Introduction

One of the most important problems arising with operation of the conventional rototillers is severe vibration
of the machine handle which is transmitted to the user’s hands, arms and shoulders. Long period exposure of the
hand-transmitted vibration may cause various diseases such as white finger syndrome. Therefore in this study,
vibrations of a new type of rototiller with ridged blades were investigated at the position of handle/hand interface
in different working conditions. Finaly, the maximum allowable exposure time to the rototiller users in
continuous tillage operation was obtained according to SO 5349-1.

Materialsand Methods

Experiments were carried out in one of the farms with silty clay soil texture, located in Sari city, Mazandaran
province, Iran. Vibration measurements were performed according to 1SO 5349-1 and 1SO 5349-2 standards in
two different modes, including in situ mode and tillage mode. Vibrational parameters were obtained in three
blade rotational speeds, i.e., low speed (140-170 rpm), medium speed (170-200), and high speed (200-230).
Blade rotational speed varied by changing engine speed using the throttle control lever. In each experiment,
different vibrational values were individually recorded in three directions (x, y, and z). Experimental design and
data analysis were performed in a Randomized Complete Block Design with three replications using the SPSS16
software.

Results and Discussion

Based on the obtained results in this study, the RMS of acceleration increased by increasing in rotational
speed for al of the conducted experiments. The reason is that number of cutting per unit of time and
conseguently the frequency of changing in the dynamic forces exerting on the blades dramatically increases with
increasing the rotational speed of the blades. Noteworthy is that in most cases the variation of acceleration in the
tillage mode showed similar trend with vibrational values in the idling mode. This represents a significant
contribution of the combustion engine in vibration of the examined rototiller. Meanwhile, contribution of the
engine in the total measured vibration was more than 50% at different rotational speeds and different directions.
The minimum engine contribution was measured equal to 56.39% in z-direction at 155 rpm, whereas the
maximum engine contribution was observed equal to 79.5%, in x-direction and rotational speed of 215 rpm.
These results indicate the importance of selecting a proper combustion engine for reducing the rototiller
vibration. It should be noted that the contribution of the engine in total vibration reached its minimum value at
the speed related to the maximum generated torque, i.e., 185 rpm of the rotor speed.

This result indicates that using the combustion engine in its optimum speed reduces the entire device
vibration in the vertical direction. By increasing the rotational speed of the blades in the y-direction, engine
contribution in device vibration showed different trends in compare to the other directions. The most value was
equal to 74.25% which was obtained at the rotation speed of 185 rpm. By increasing blade rotational speed from
155 rpm to 215 rpm, the engine contribution in device vibration in the z direction and the total acceleration
steadily increased.

Conclusions

With growing mechanization and entering various types of machines to the farm, importance of
considerations to human health is also increased, especially in working with rotational machines. Therefore, the
current study was undertaken with the specific attention to the rototillers operational vibration at the handle/hand
interface. Results of the conducted experiments showed that vibration of the examined rototiller depends more
on the operation of the mounted combustion engine, rather than the soil working blades. Therefore, it is
suggested to select a higher quality engine with less vibration or isolate the engine from chassis by a damper
(such as a compressed rubber) to reduce the vibration transmitted to the operator’s hands and arms.

Keywords: Allowable exposure time, Ergonomy, Hand and arm, Rototiller, Vibration
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Introduction

Measuring the efficiency of operating systems in comparison with the methods of comparing the
performance of systems explains the various dimensions of issues such as, the lack of full use of agricultural
machinery capacity, improper selection of machine, incorrect use of machinery, ownership, etc.. Any
improvement in operating system conditions reduces costs,, consumption of inputs, increases the efficiency of
production factors and consequently reduces the price and increases agricultural profitability. The main objective
of this research is to compare the operationa-management efficiency of operating systems in Alborz province
and comparison of managerial and operational efficiency of agricultura machinery farming systems by
caculating the efficiency of its major components in agricultural machinery farming systems including
efficiency, social, economic, technical-operational and managerial and ranking them in order to understand the
optimal model of agricultural machinery systems.

Materials and Methods

This research is a survey study.The study population was beneficiaries of agricultural machinery in the

Alborz province which in the multi-stage random sample was determined. Alborz province has 31,438
agricultural operations, of which 543 are exploited agricultural machinery. Cochran formula was used to
determine sample size. Since, Cronbach's alpha coefficient greater than 0.7 was obtained by questionnaire, the
reliability of the questionnaires was assessed as desirable. To calculate the efficiency the component data were
extracted from 4 specialized questionnaires after the initial examination and encoding, then they were analyzed
using the software SPSS, MCDM Engine. TOPSIS techniques were used for ranking managerial performance
operating system for operating agricultural machinery Alborz province.

Results and Discussion

The results showed that social efficiency of dedicated-professional operation with an average of 6.6 had
maximum efficiency operation among the three systems of agricultural machinery. Economic efficiency of
professional operation system with an average of more than 1.43 units is capable of the highest rate among the
three systems and economic performance of the dedicated operation less than one and equal to 0.76 in the three
systems have the lowest rate. In other words, the professional operation of the annual profit is 43%, but the
annual dedicated operation is facing a 24 percent loss. Performance of management operation system is
dedicated 6.19 and was the highest performance among systems. The number of dedicated —operation system

5.42 is the least efficient management of three farming system agricultural machinery in Alborz province.
Appear organizing, planning, directing and coordinating, decision-making, control and supervision of the
operation system was far better than the other two systems. The operating efficiency of the dedicated operating
system is 76.537% and in this respect, it has the highest value among the three operating systems and the lowest
operational efficiency isrelated to the professional operating system.
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The increased operational efficiency of the dedicated operating system is further influenced by the high
average scores for the indicators of timely operations, the availability of the machine and the quality of the
operation. Kruskal-Wallis statistical tests were performed to compare the average of four types of efficiency
(social, economic, managerial, technical-operational) in three agricultural machinery farming systems, with
mean difference for al items at 5% and 1% significance.

Ranking of managerial-operational efficiency of agricultural machinery utilization systems using TOPSIS
technique: The ranking criterion of this technique is a similarity index, with a range of 0 to 1 variation. The
results showed that among the three systems of agricultural machinery exploitation, the professional farming
system with the rank of 0.9219 ranked first, the professional- dedicated farming system with 0.5261 had second
rank and dedicated farming system with 0.1556 ranked third

Conclusions

The results showed that the managerial-operational efficiency of the professional operating system was more
than the other two operating systems, which was due to the high effectiveness of the management-operation of
the economic efficiency and technical-operational efficiency, which in this system was more efficient from other
systems. Investigating the importance of factors affecting the efficiency of agricultura machinery farming
systems showed that the weight economic factors is far more than other factors and the effect of economic
efficiency on the efficiency of the entire farming systems is much higher. The cost of ownership of a machine is
very important among economic agents, this factor directly affects the choice of operating systems, and it also
indirectly affects other factors. Therefore, it can be concluded that the key for improving agricultural machinery
management and increasing the productivity of this important input is to perpend different aspects of the cost of
ownership.

Keywords: Agricultural, Efficiency, Farming system, Kruskal-Wallis test, Technicur TOPSIS
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Fig. 1. Hierarchical structure (tree) for prioritizing of effective parameters on lack of timeliness operations of sugarcane
production
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Table 2- Criteriafor timeliness of operations of sugarcane production
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Average production rate (yield)
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Average net income
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The net income per unit area of product produced during a crop year

et Mg Sllas gBgons ool pis 2 30 Jolse ¥ Jgia

Table 3- Effective parameters on lack of timeliness of operations of sugarcane production
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- Deficit of funding and lack of financing in atimely manner, Manager’s inexperience, outsourced operations
Management -
and non-performance of contract obligations
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Machine Design, construction and production in inappropriate manner and lack of attention to standards, repairing and
maintenance or failures during operation, inadequate experiences and skills of Machine operator, lack of
attention to the economic life of the machine and amortized cane harvesters
HUL“ The lack of efficient and skilled manpower, absence, delay, inaccuracy and labor strikes
uman
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Procedure (the
production process)
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The administrative hierarchical order (Bureaucracy) for the purchase of spare parts, lack of adequate
materials supply, environmental factors and adverse weather conditions (Wind-Swept, frostbite, dust, rain at
harvest time, etc.)
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Fig.7. Sensitivity analysis of effective parameters on lack of timeliness of operations of sugarcane production
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I ntroduction

Planning and scheduling of farming mechanized operations is very important. If the operation is not
performed on time, yield will be reduced. Also for sugarcane, any delay in crop planting and harvesting
operations reduces the yield. The most useful priority setting method for agricultural projects is the analytic
hierarchy process (AHP). So, this article presents an introductry application manner of the Analytical Hierarchy
Process (AHP) as a mostly common method of setting agricultural projects priorities. Analytic Hierarchy process
(AHP) is a decision making algorithm developed by Dr. Saatyin 1980. It has many applications as documented
in Decision Support System literature. Currently, this technique is widely used in complicated management
decision makings which AHP was preferred from other established methodologies as it does not demand prior
knowledge of the utility function; it is based on a hierarchy of criteria and attributes reflecting the understanding
of the problem, and finally, because it allows relative and absolute comparisons, thus making this method a very
robust tool. The purpose of this research is to identify and prioritize the effective parameters on lack of
timeliness of operations of sugarcane production using AHP in Khuzestan province of Iran.

Materialsand Methods

The effective parameters effecting on lack of timeliness of operations have been defined based on expert’s
opinions. A questionnaire and personal interviews have formed the basis of this research. The study was applied
to apanel of qualified informants made up of fourteen experts. Those interviewed were distributed in Sugarcane
Development and By-products Company in 2013-2014. Then, by using the Analytical hierarchy process, a
guestionnaire was designed for defining the weight and importance of parameters affecting on lack of timeliness
of operations. For this method of evaluation, three main criteria considered were yield criteria, cost criteria and
income criteria. Criterions and prioritizing of them was done by questionnaire and interview with sophisticated
experts. This technique determined and ranked the importance of criteria affecting on lack of timeliness of
operations based on attributing relative weights to factors with respect to comments provided in the
guestionnaires. By using of software (Expert choice) Analytica Hierarchy Process was done and the
inconsistency rate on expert judgments was investigated. Expert Choice software (Expert Choice 1999) was
applied to examine the structure of the proposed model and achieve synthesis/ graphical results considering
inconsistency ratios.

Results and Discussion

The Expert Choice software performed well in conjunction with the panel of experts for choosing the criteria
and assigning weights under the AHP methodology. According to results, effective parameters on lack of
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timeliness of operations of sugarcane production consist of delays caused by management, delays caused by
human, delays caused by machine and delays caused by procedure (the production process).Weight of criteria
effective factors (yield, cost and income) on lack of timeliness of operations obtained from paired comparison in
the experts’ view which has been calculated with Expert choice software. The result of this survey by AHP
techniques showed that cost criteria had the most and income criteria had the least importance for expert in
sugarcane production. In this stage of research, alternatives paired comparison relative to criteria was separately
formed and information of questionnaire which relates to paired comparison of criteria was obtained. Between
effective parameters on lack of timeliness of operations, machine factors to 0.366 weighted average was the most
effective factor and production process to 0.298 weighted average, management factors to 0.177 weighted
average and human factors to 0.160 weighted average was later respectively (Inconsistence Rate =0.03). The
results are examined by monitoring sensitivity analysis while changing the criteria priorities. Since different
judgments are made on comparison of criteria, we use sensitivity analysis in order to provide stability and
consistence of analysis. With increase or decrease of the criteria, we will conclude that ratio of other indices will
not change.

Conclusions

The analytic hierarchy process, as developed by Saaty, has been successfully applied in recent research to
cases of agricultural project. This paper looks at AHP as a tool used in Sugarcane Agro-Industries to help in
decision making. Results showed that criteria studied in this research can help prioritizing the effective
parameters on lack of timeliness of operations of sugarcane production. Cost criteria are the main criteria
effective on lack of timeliness operations of sugarcane production. The most important factor is machine factor.

Keywords. Analytical Hierarchy Process (AHP), Lack of timeliness operations, Sugarcane
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Table 1-Technical specifications of used planters

)% el (e 0 oy
Name of Weight (kg) , (%) Description
planter Width (m)
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Hamadani drill Mounted, number of row 12, runner opener, spring seed covering
Ol 8 las 1100 4 odiiligy 88 (S5 Hld 81 ¥+ cutS slaciud, s 0digd lgw
Amazon drill Mounted, number of row 20, no opener, no seed covering
93,Ll8 15 s 1100 4 0l g3 (5S5L Hlus B Ve S (clacisd, Slus 0 igdlgu
Gaspardo drill Mounted, number of row 20, no opener , no seed covering
Yoy 51 ) s 1200 4 G5 il Sl (33 (53 b 05 CutS slack) St igd g

Agromaster drill

Mounted, number of row 16, narrow runner opener, spring seed covering
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Table 2- Variance analysis of investigated indices on canola planters performance
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Source of varies ‘éf’ M ean of spuare
&¥ FAIPS
e od il I !
s g3908 Jolgd GBlpse IRl ae 5 Sles
3%l - B i . .
Per centau Vertical )M (2 ™
oof g Distribution Cross distance Per centage of vidd
Germinati unifor mity of unifor mity of seed (kg ha'))
on seeds seeds placement 9
©)Jw 1 .37 184.26* 70.04* 3262.51** 16295424**
El 6 6.51* 15.11 8.71 27.33 33683.7
H _(A)t"afs:::; ¢ ) 20.32 211.53** 46.79** 73.32+* 8511.96**
orizan or
(ATC) S sl “‘le 2.44** 38.88 23.67 19.38 1865.9
(Y ear* Seed density)
ear ensity
E2 12 4.24 22.59 30.60 9.16 14142.8
Ve(r?)c;lpl};;t) éf ?B) 189.90** 1699.59** 1288.12** 435.26** 378010.5**
i
(C*B) ,K, s Lo 3 13.40™ 138.12* 18.12"™ 82.87** 3406.4**
E3 18 6.90 25.68 12.70 5.08 9138.9
AB 6 4.14™ 30.90 14.87 6.69 2588.9
ABC 6 2.20 14.37 4.66 3.78 1961.6
E4 36 3.29 19.32 9.61 5.66 3109.5
Cv% - 2.13 7.28 431 3.00 2.24

s ixe BB 3939 pAe NS g duo)d O Jlais] prdaw )3 55 ime BMB ™ caod V Jlossl aws 53 o gixe MBI *

* and **: Significant at the 5% and 1% levels of probability, respectively. ns: Non- significant.
Year Jl :C 4 Planter type ,i5,i ¢ :B Seed density ,i, S15 1A
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Table 3- Combined mean comparison on canola planters performance
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type F(’Be;rcmﬁ;g:?o?]f Vertical distribution Crossdistance Per centage of seed (U=
(%) unifor mity of seeds unifor mity of seeds placement (%) Yield (kg ha'®)
=y Jw
Cropping
season
1391-1392 85.45 58.95 7275 84.97 2897
1392-1393 85.23 61.72 71.02 73.50 2073
B1 85.08 b 59.00b 75250 78.70Db 2420 b
B2 82.29¢ 54.87¢c 64.12¢c 76.29¢ 2414b
B3 83.7¢ 54.88¢ 63.95¢ 7641c 2431b
B4 89.45a 72.62 a 84.25a 85.54 a 2672a

505l me MBS doy3 O Jleis] a5 5SSl 905l Jlas 5l S e By gyl (sla ke giw ya
Means, in each column and for each factor, followed by similar |etter(s) are not significantly different at the 5% probability level-
Using Duncan's Test

Sno SIS s B g 93,Lls 5 as b 3ljl by caiS B3 cyjlol IS s b oljT bgis cuiS—B2 (pgw e bsy) (Shos I Jas-B1
B1: Hamadani Drill (Conventional method), B2: Amazon Drill, B3: Gaspardo Drill and B4: Agromaster Drill
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Fig. 1. Averaged effective field capacity of different plantersin two years
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Fig. 2. Mean of fuel consumptions by different plantersin two years
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B1: Hamadani drill (Conventional method), B2: Amazon drill, B3: Gaspardo drill and B4: Agromaster drill
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Table 4- Mean benefit of canola harvesting per hectare (unit: 1000 Rials)

L\ Woc) B YRvra I
Economic Indicators

Bl B2 B3 B4

(U2 > ps55kS) s 3,Slas basi

L 2420 2414 2413 2672
Grain yield (kg ha?)
Jyazme ot 20 20 20 20
Price
J udlbb el S 48400 48280 48260 53440
Total grossincome
o azm J9 12345 12720 12620 12445
Total annual cost
B 36055 35560 35640 40995
Profitability
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Table 5- Mean benefit to cost ratio of canola planting by Agromaster drill in compare of other drills
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Income changes from replacing (B)

S JLy e dse et
Cost changesfrom replacing (C)

Planter typs
Agromaster drill versus Gaspardo drill
0551‘1 4 G )"‘““’5;‘ )KLJab 5160
Agromaster drill versus Amazon drill
Agromaster drill versus Hamadani drill
Oilel & s 93 lewlS 1S s 20
Gaspardo drill versus Amazon drill
SHed 4 Cond 93)LlS )8 las -140
Gaspardo drill versus Hamadani drill
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Amazon drill versus Hamadani drill
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100 50.4
-100 0.2
350 04
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Introduction

One of the most important agricultural crops is rape seed oil asits special features can play an important role
in the agricultura region. Due to the presence of more than 40% oil and 25% protein in the grain can play an
important role in the supply of edible oil. After determining of various factors such as uniformity of planting
depth, evenness between shrub, plant height and grain yield concluded that Nordsten drill along the seeding
density of 75 cm for mechanized planting is acceptable yield. Afzali nia et al. (1999) in one study aimed to
assess the performance of common grain drillsin Iran in Zarghan area in Fars Province showed that differences
between treatments in terms of seed distribution uniformity factor, plant population per unit area and yield
product is not significant. The purpose of this study was to evaluate and select the most suitable types of canola
planter and variable seed rate planting density and aims to increase the canola cultivated area by the highest
yield.

Materials and M ethods

Moghan Plain, located in the north areas of Ardebil province, is considered as an important areas of canola
planting in Iran. This study was performed in the agricultural research center of Ardabil Province (Moghan)
(39°39°N; 48°88'E; 78 m as.l.) in Northwest of Iran. To evaluate different planters with varied seed rates on
canola yield. The experimental design was carried out in a randomized complete block design with strip splits
(varied seed rates 6, 8 and1l0 kg per hectare and different drills consist of B1: Barzagar Hamadani drill
(conventional method) B2: Amazon drill pals teeth harrow, B3: Gaspardo drill pals teeth harrow and B4:
Agromaster drill) and four replications. To investigatethe different treatments in the experiment, various
parameters such as percent germination, seeding uniformity of width and depth intervals, plant establishment,
effective field capacity, fuel consumption rate andgrain yield were measured.

Results and Discussion

The evaluation of results of drill types showed that there was significant difference between the planters type
and other performance parameters. Different planters with varied seed rates also had significant effects on
germination at 1% probability level and B4 had maximum percentage of seed germination (89.45%). Uniformity
of seed distribution was found to be the highest for B4 in vertical distribution uniformity (72.62%) and inter-row
uniformity (84.25%). The analysis of variance for two years showed that the grain yield and establishment of
seed were significantly affected by year. Result of variance analysis for yield indicated that there was a
significant difference between planting machines in 1% of probability level. Therefore, maximum yield in this
experiment related to B4 with 2672 kg ha. The results of technical and economic comp ration indicate that the
added net income of B4, was 4940 thousand Rails per hectare compared to the conventional method.

Conclusions
Results showed that the average of yield of the first year was significantly greater than that of the second
year. Results indicated that use of B4 lead to the highest of yield 2672 kg ha™. But in terms of plant height no
significance was found. The results of technical and economic comp ration comparison indicated that the added
net income from B4, was 4940 thousand Rails per hectare compared to the conventional method. Therefore,
considering many factors, the Agromaster drill tested in this study was found to be the best suited planter and
therefore is recommended for canola planting in the region.

Keywords: Canola, Evaluation, Planter, Seed density, Yield

1- Department of Agricultura Engineering Research, Ardabil Agricultural and Natural Resources Research and Education Center,
AREEO, Ardabil, Iran
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Table 2- Chemical properties of soil
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Validation data=105 Calibration data=105 All samples=210

Soil features

SD Mean Max Min SD Mean Max Min SD Mean Max Min

) M enrf 098 275 398 098 098
Organic carbon

(Mginl000) s 154 148 222 014 051

273 392 050 098 27 400 050

141 205 014 058 148 221 014

Nitrogen
(%) 351 ! 077 098 298 006 076 097 298 005 076 097 300 005
Freeiron
(Mgin100g) msls 428 1967 2562 068 438 1166 2556 071 433 1162 2534 068
Potassium
(mginl00g) yiud g 15 1591 4550 435 792 1524 4486 433 804 1519 4600 4.33
Phosphor
(Mginl00g) mie 516 3300 8068 282 520 2979 8958 300 515 3300 8957 2.82
Magnesium
(<1 1:0) pH 058 738 912 462 055 739 909 465 057 7.38 909 462
pH (1:5 water)
S o d)fso)".\.il LSLbug):’.S M’" . u.u.»)ala —YJQJ@:
Table 3- The correlation matrix of soil features
S olgs S oS ’ PSR by sd Il ek
Soil properties Organic carbon Magnesium Potassum Phosphor  Freeiron Nitrogen
s 1.00
Organic carbon
&S]
i 0.66 1.00
pH
o 0.58 0.17 1.00
Magnesium
"““L" 0.71 0.03 0.48 1.00
Potassium
S 0.12 0.46 0.00 0.08 1.00
Phosphor
e 0.48 0.16 0.22 0.02 0.06 1.00
Freeiron
e 0.82 0.57 0.16 0.41 0.37 0.52 1.00
Nitrogen
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2- Standard deviation
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Table 4- The results of LOOCV in the regression model of some soil parameters

g ! S ensS
Acidity

JS 039
Organic Carbon Total Nitrogen

RPD RMSE R?

RPD RMSE R? RPD RMSE R?

032 056 11 020 049 15 044 061
030 058 12 013 069 16 039 064
029 061 15 014 055 16 041 0.66
031 065 17 015 056 1.7 033 0.68
028 068 18 012 066 18 031 0.69
026 071 16 014 063 19 021 0.72
026 073 19 013 071 20 021 075
029 070 17 016 071 15 042 0.73

033 055 13 017 048 14 041 0.63
029 056 15 016 046 14 038 064
031 060 16 015 055 16 039 0.66
026 063 17 015 058 1.7 032 0.69
028 069 19 013 064 19 032 0.70
027 070 19 012 070 19 026 0.73
026 072 20 011 072 20 022 0.76
030 069 16 016 072 17 033 074

0315 aluxs OBl g EHONKEY
Selecting method of data Number of
number sample
15 1.0
30 11
45 12
Hlas 60 12
Random 75 10
20 12
105 14
140 14
15 11
30 11
45 12
obond 60 13
Chemical & 12
20 13
105 14
140 13
15 1.0
30 12
o ailge 50 42 11
PCA 59 1.0
77 12
88 13
105 14

140 1.0

031 052 12 019 055 14 042 0.63
030 05 14 017 057 15 038 0.65
029 059 15 015 061 16 0.33 0.66
030 061 14 015 059 17 035 0.70
027 066 16 013 065 18 028 071
027 071 18 014 068 1.9 023 074
026 073 19 013 071 21 021 077
033 075 12 019 075 15 040 0.77
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Table 5- The calibration and validation model of some soil properties using PCA

SB oS Ve 0= o liel ol Ve 0= Suiwly godld VLo ouwly gbodld VY e=ladiges JS
Soilfeatur;: Validation data=105 Calibration data=105 Calibration data=140 All samples=210
RMSE R? RMSE R? RMSE R? RMSE  R?
“”’M 1.69 0.52 1.58 0.57 1.63 0.55 1.67 0.55
Magnesium
"““L” 2.69 0.52 341 0.48 3.38 0.48 3.37 0.48
Potassium
S 6.47 0.37 6.19 0.42 6.08 0.45 5.28 0.49
Phosphor
- ﬁ}zl 0.21 0.83 0.56 0.78 0.77 0.77 0.89 0.72
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Introduction: Precision agriculture (PA) is a technology that measures and manages within-field variability,
such as physical and chemical properties of soil. The nondestructive and rapid VIS-NIR technology detected a
significant correlation between reflectance spectra and the physical and chemical properties of soil. On the other
hand, quantitatively predict of soil factors such as nitrogen, carbon, cation exchange capacity and the amount of
clay in precision farming is very important. The emphasis of this paper is comparing different techniques of
choosing calibration samples such as randomly selected method, chemical data and also based on PCA. Since
increasing the number of samplesis usually time-consuming and costly, then in this study, the best sampling way
-in available methods- was predicted for calibration models. In addition, the effect of sample size on the
accuracy of the calibration and validation models was analyzed.

Materials and Methods: Two hundred and ten soil samples were collected from cultivated farm located in
Avarzaman in Hamedan province, Iran. The crop rotation was mostly potato and wheat. Samples were collected
from a depth of 20 cm above ground and passed through a 2 mm sieve and air dried at room temperature.
Chemical analysis was performed in the soil science laboratory, faculty of agriculture engineering, Bu-ali Sina
University, Hamadan, Iran. Two Spectrometer (AvaSpec-ULS 2048- UV-VIS) and (FT-NIR100N) were used to
measure the spectral bands which cover the UV-Vis and NIR region (220-2200 nm). Each soil sample was
uniformly tiled in a petri dish and was scanned 20 times. Then the pre-processing methods of multivariate scatter
correction (MSC) and base line correction (BC) were applied on the raw signals using Unscrambler software.
The samples were divided into two groups: one group for calibration 105 and the second group was used for
validation. Each time, 15 samples were selected randomly and tested the accuracy of models, then otherl5
samples were added randomly to the previous set and it was done continuously. Finally, seven groups (15, 30...
105) were placed in each category.

Results and Discussion: All regression models on the whole pre-processed soil spectra were obtained in
absorption mode. By increasing the number of samples in the calibration set of random group, RMSE was
decreased from 0.2 to 0.13 nonlinearly. RMSE in the chemical test was also decreased almost linearly from 0.17
to 0.11. At the same time, R* and RPD were increased from 0.46 to 0.72 and from 1.3 to 2.0 respectively.
Finally, in categories based on PCA, the RMSE fell down amost linearly (0.19-0.13). Potassium prediction
model with the least amount of R? (0.48) and phosphorus with highest number of errors (RMSE = 5.28) were the
weakest models in whole data. Other properties of the soil had a higher coefficient of determination (R 0.5).
Therefore, prediction models had acceptable accuracy. At least 77, 105 and 105 samples are required for precise
calibration model of OC, nitrogen and pH respectively. Due to the different conditions of farms, comparing these
results with previous findings is very complex. Furthermore, model accuracy did not improve by increasing data
of calibration models to the total number of samples. While in previous studies, more precise model was
calibrated by considering the entire data sets. Among al factors of soil, acidity has little dependence on the other
soil properties. The pH modeling is also confirmed by Moros (2009) however, the more error was reported here.
Thereis no certain pH range in the NIR spectra, and usually it is distinguishable from the other properties of the
soil (Kuang and Mouazen, 2011).

Conclusions. Spectroscopic methods exhibited good potential for detecting soil properties. MSC and BC can
effectively remove irrelevant information to improve prediction accuracy. Using different methods to select
numbers of data for the calibration models presented similar results, but in the meantime PCA technique
provided the best answer. Supplementary, the ever-increasing number of data does not always improve modeling
accuracy. It is better to choose numbers of data according to principal components (PCs) of PCA to obtain
acceptable answer. It must be noted that every crops requires a specific soil and nutrients, so it is necessary to
develop models for other soil properties.

Keywords: Calibration model, Number of sample, Soil properties, Visible and NIR spectroscopy
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I ntroduction

Energy consumption management is one of the most important issues in poultry halls management.
Considering the situation of poultry as one of the largest and most developed industries, it is needed to control
growing condition based on world standards. The neural networks as one of the intelligent methods are applied
in alot of fields such as classification, pattern recognition, prediction and modeling of processes. To detect and
classify several agricultural crops, a research was conducted based on texture and color feature. The highest
classification accuracy for vegetables, grains and fruits with using artificial neural network were 80%, 86% and
70%. In this research, the ability to Multilayer Perceptron (MLP) Neural Network in predicting energy
consumption, temperature and humidity in different coordinate placement of electronic control unit sensors in
the poultry house environment was examined.

Materials and M ethods

The experiments were conducted in a poultry unit (3000 pieces) that is located in Fars province, Marvdasht
city, Ramjerd town, with dimensions of 32 meters long, 7 meters wide and 2.2 meters height. To determine the
appropriate placement of the sensor, 60 different points in terms of length, width and height in poultry were
selected. Initially, the data was divided into two datasets. 80 percent of total data as a training set and 20 percent
of total data as atest set. From180 observations, 144 data were used to train network and 36 data were used to
test the process. There are severa criteria for evaluating predictive models that they are mainly based according
to the difference between the predicted outputs and actual outputs. To evaluate the performance of the model,
two statistical indexes, mean squared error (M SE) and the coefficient of determination (R?) were used.

Results and Discussions

In this study, to train artificiad neural network for predicting the temperature, humidity and energy
consumption, the trainim algorithm (Levenberg-Marquardt) was used. To simulate temperature, humidity and
energy consumption, networks were trained with two and three layers, respectively. Network with two layers
with10 neurons in the hidden layer and one neuron in the output layer with (R2) equal to 0.96 and (M SE) equal to
0.00912, was given the best result for predicting temperature. For humidity electronic sensors, results showed
that network with three layers with the 10 neurons in the first hidden layer, 20 neurons in the second hidden layer
and one neuron in the output layer with (R2) equal to 0.8 and (MSE) equal to 0.00783 was the best for predicting
humidity. Finally, network with two layers with 10 neurons in the first hidden layer, 10 neurons in the second
hidden layer and one neuron in the output layer was selected as the optimal structure for predicting energy
consumption. For this topology, (R?) and MSE were determined to 0.98 and 0.00114, respectively. Linear and
multivariate regression for the parameters affecting temperature, humidity and energy consumption of electronic
sensors was determined by the STATGR software. Correlation coefficients indicated that parameters such as
length, height and width of the electronic control sensors placed in the poultry hall justified 82% of the
temperature changes, 61% of the humidity changes and 92% of the energy consumption changes. Therefore,
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comparing with correlation coefficients obtained from the neural network models, the highest correlation
coefficient was related to energy parameter and the lowest correlation was linked to humidity parameter.

Conclusions

The results of the study indicated the high performance for predicting temperature, humidity and energy
consumption. The networks hadthree inputs including length, width and height of electronic sensor positions and
an output for temperature, humidity and energy consumption. For training networks the multiple layer
perceptron (MLP) with error back propagation learning algorithm (BP) was used. Functions activity for all
networks in hidden layers were tangentsigmoid and in the output layer, linear (purelin). Comparing the results of
artificial neural network and logistic regression model showed that artificial neural network model with
correlation coefficients of 0.98 (energy), 0.96 (temperature) and 0.8 (humidity) provided closer data to the actual
data compared with regression models with correlation coefficients of 0.92, 0.82 and 0.61 for the energy,
temperature and humidity respectively.

Keywords: Artificialneural network, Electronic control, Energy, Modeling, Temperature
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