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Introduction

Robots have been used for material handling for many years, and their applications have greatly expanded
with the integration of intelligent technologies. While numerous researchers have proposed various robots for
this field, it is crucial to design customized configurations that are suitable for agricultural farms. However,
research in our country has been limited to a few mobile agricultural robots. The main focus of this paper is to
design and model workspaces and analyze the kinematics of manipulators in agricultural settings.

Materials and Methods

This article investigates the workspace and kinematics of a robot manipulator to design and manufacture a
four-DOF manipulator for farming. This manipulator will be capable of performing a variety of tasks, but the
goal of this project is to enable it to load and unload materials and products on the farm as an auxiliary force for
the farmer.

When designing and analyzing a manipulator, the first step is to determine the specific task that the robotic
arm will perform. For example, consider a scenario where the task involves loading or unloading forage
packages from a trailer at a designated location. This task specification forms the basis for further design and
analysis, ensuring that the manipulator is appropriately designed to meet the requirements of the task.

An intelligent robotic arm that is attached to a tractor can perform this operation in the shortest possible time
without the intervention of human workers. Otherwise, a large number of laborers would be required to move
boxes weighing 10 kg over distances of 3 to 4 meters and heights of 1 to 2 meters, which would require a great
deal of torque.

At this stage, the design of the arm kinematics model, direct kinematic equations, velocity kinematics, and
Jacobian matrix solving were performed. The calculations were carried out using two methods: manual
calculation and kinematic modeling in MATLAB software for three arm configurations in two simulation tests.
The results of both methods were compared.

The workspace analysis of the selected manipulator configurations, as well as the use of arm kinematic
performance evaluation indices, were illustrated in graphs.

Results and Discussion

The issue of moving forage packages on the farm is described below. If a farmer were to move 48 packages
of fodder weighing about 10 kg manually (using human workers) in the workspace modeled in Figure 10, each
package would take an average of 30 seconds to be moved reciprocally along an unobstructed path. Hence, it
would take approximately 24 minutes to move all the packages. However, the linear speed of the final operator
of the robot arm during the first test was found to be 1 meter per second, which is 3.7 times faster than the
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manual work scenario, and the total movement of the packages can be completed in about 6.5 minutes.

Upon analyzing the velocity diagrams of the final performer in both tests, it becomes evident that there is not
much variation in speed and acceleration due to the change in configurations. The evaluation of robot workspace
indicators was conducted using two methods: workspace index and structural length index. These indicators
were calculated for all three configurations, and the results indicated that Configuration Type 1 was the most
suitable option. Furthermore, the manipulability index of the robot arm was assessed based on the obtained
diagrams for all three configurations in the two tests. It was observed that Configuration Type 1 outperformed
the other two types in terms of score, indicating its superior performance. This aligns with the suggestion made
by Yoshigawa for the first three joints of the Puma robot.

Overall, the results suggest that Configuration Type 1 is one of the most favorable options, ensuring better
performance for the final performer.

Conclusion

One of the main considerations when using robots in agriculture is the appropriate kinematic design of joints
and links for work operations. Using the example of robots assisting with moving products on the ground, it can
be seen that using robots significantly reduces the time required compared to manual labor. Furthermore, in
terms of energy consumption and cost within a certain period, the use of robots has economic justification.

Based on the studies conducted, Configuration Type 1 passed the kinematic path in both tests with a higher
manipulability index and a more suitable workspace index based on both calculated criteria. Therefore, this
configuration is recommended for the design of robots for the operation of moving products on the ground.

Keywords: Agricultural robot manipulator, Kinematics and workspace analysis, Manipulability measures
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1- Parallel Manipulator

2- Revolute Joint and Prismatic Joint

3- Gripper

4- Denavit—Hartenberg transformation matrix
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Fig.3. Main selected configuration
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Table 1- Denavit-Hartenberg Parameters for robot configurations

Type 1
Link (i) Link length Link offset Twist angle Joint angle Range
a(m) D(m) o (deg) 0 (deg)
1 0 0.5 90 01 (-90)-90
2 2 0 0 02 0-90
3 1 0 0 03 0-180
4 0.5 0 0 04 0-180
Type 2
S Link length Link offset Twist angle Joint angle
Lk @ a(m) D(m) o (deg) 0 (deg) Range
1 0 0.5 90 01 (-90)-90
2 1 0 0 02 0-90
3 2 0 0 03 0-180
4 0.5 0 0 04 0-180
Type 3
S Link length Link offset Twist angle Joint angle
Link (i) a (m) D(m) o (deg) 0 (deg) Range
1 0 1 90 01 (-90)-90
2 1 0 0 02 0-90
3 1 0 0 03 0-180
4 0.5 0 0 04 0-180
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Table 2- Main Point Poses of Path and Joint Variables for robot configurations

. b aads ako aadli lawe alals
e Middle point Target Point Start Point
Coordinates(m) [0.866 15 2] [2.031 0.021 0.98] [1.25 -2.165 0.866 ]
(shate gl o P32 (93| P32 09o3l 5 Jsl o9
Joint Variables Test 2 Testl/2
Joles xS 10006 083 -1.39-1.34]  [1.041.326-13-1.09] [-1.05 0.67 -n/3 -1.21]
Config.type 1
5> £ s [0 1.57 -1.58 -1.497] [W/3 /2 -n/3 -2m/3] [-7/3 73 /3 /2]
Config.type 2
Py &9 25 1001 0738-1.0970.397]  [w3 1.25-0.97-0.712]  [-1.05 0.06 -0.188 0]
Config.type 3
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Fig.5. Manipulator type 1 simulation for a trajectory with the obstacle in test 2 (Matlab)
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Introduction

Various methods have been performed to control weeds in the world and the use of herbicides is one of them,
but public concerns about human health have changed interest in alternative methods. Thermal methods based on
flame-weeder, hot air, steam, and hot water have the potential to control weeds, but due to the high cost are not
economical. Electromagnetic waves transfer energy into weeds and finally destroy them. The effect of radiation
on plant mutation, high consumption of energy, and human health are problems for this approach. Unlike other
methods, electrical energy is an ideal and non-chemical method for weeds. This method applies high voltage to
weeds, their roots, and soil so that electric currents pass through them, and the vaporization of the liquid content
of weeds Kkills the weeds. To increase the severity of damage to weeds, the development of a feedback
mechanism is required. The ultrasonic sensor measuring physical parameters like plant height is a simple
method. Some complex sensing systems include optical sensors such as infrared, and machine vision that require
high-speed processors and expensive equipment. In this project, as a simple method, the monitoring of the
electrical current passing through weeds was used for developing the feedback mechanism and increasing
electric damage to weeds.

Materials and Methods

In this study, the system consisted of a high-voltage device that generated a 15 kV AC voltage to kill weeds,
as well as a feedback mechanism that included a sensor to measure the electric current on the input of the weed
killer and identify the presence of weeds and their annihilation. All parts were installed on a robotic platform,
and an application on a laptop was connected to it via an access point for navigation and data reception. The
system was tested in a greenhouse lab with various weeds. Initially, a test was performed to investigate the effect
of high voltage on the weeds and establish relationships between the electric currents passing through weeds and
their presence (before and after annihilation). During the test, the system was guided along a path and applied
high voltage to kill the weeds. The feedback mechanism was then calibrated based on the extracted data on
electric current relations. This allowed the system to detect weeds and their annihilation, enabling it to move to
the next target once a weed had been eliminated. After calibration, a comparative test was conducted to evaluate
the weed-killing efficiency of the two methods (with and without the feedback mechanism), and the results were
analyzed using a t-test with p < 0.01.

Results and Discussion

The observations indicated that the input electric current on the weed killer was dependent on the electric
current passing through weeds. When the high-voltage electrode touched a weed, the electric current passed
through it increased, and simultaneously, the high electrical energy destroyed the weed. After the removal of the
weed, the electric current rapidly decreased. The average energy consumption per weed plant was estimated to
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be 250 joules, which can be compared with other methods. The final test comparing the use and non-use of the
feedback mechanism revealed significant differences (P < 0.01) between the results obtained with and without
the mechanism, demonstrating that the feedback mechanism increased the efficiency of weed annihilation. The
sensing system used in the developed feedback mechanism is a simple method that is affected by the electrical
resistivity of weeds. As such, it did not mistakenly detect other objects as weeds, unlike an ultrasonic
mechanism. Based on these results, monitoring the electrical current passing through weeds proved to be a
suitable method for developing a feedback mechanism for the weed killer to identify the presence of weeds and
their annihilation.

Conclusion

The use of high voltage as a non-chemical and alternative method for weed control has shown promising
results. The study revealed that measuring the electric current applied to the weed killer was an effective and
straightforward approach to developing a feedback mechanism. This mechanism aids in identifying the presence
of weeds and ensuring their elimination by intensifying the damage inflicted on them through the application of
high electrical energy. To further enhance the efficiency and speed of weed control, future research should
consider integrating an automatic guidance mechanism with the weed killer.

Keywords: Annihilator, Electric current, High-voltage, Identification, Weed
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Fig.1. The main scheme of the high-voltage weed killer with the feedback mechanism (1- Electric current sensor, 2-
200V booster module, 3- 15kV booster transformer, 4- High voltage electrode, 5- Weed, 6- Ground electrode)

—

il

2 ‘ 15 kv

(YL 5W5 00133 degore =Y el S Jgile =V) (So Ul b S g jpmidle S350 (ol Joloo (S0 80 Jlo =Y S50
Fig.2. The equivalent circuit for the weed killer and the electric current sensor (1- Electric current sensor, 2- High
voltage booster set)

iy i (F) by cnlilis g ol 3o Gile Sl e (SopsUl ol

g 0

L=f(l,) (¥)
cide jlgyse SopsIlgloyp ¥ S (Sl e sl

Slo 5 (Rs) SIS (Ry) 50 cile (S0 Sglie sl 4 50

S S Caglio ] 3 Ry 48 (0) dlaly g conl atanly (R,) 351

XY P WO [V

L=g(R,) @)
Jr e &g 55y ol Cabge )3 YU SUg 39S oS Lo

Uit 1y (5) o g sy o ylio [y Ry 5 Ry g so e

2l

L,=q(Ry) *)
g g0 JoSui (V) alasly ) alaly g (F) bl 5l onlaal b

I,=h(R,,) (V)

Cenglio an sl (6y9me (oSl by (V) a3

JSC) S30 aiboles Lol o)lazsbs el Jobeo Su,iSIl lao
e cple an dogi bl o 00l pgual 4 ¥ S5 50 )
(Pou) =295 195 5 (Pin) 53909 olgp Jlowsl el 5 (S 3S)
BWI #8lg el o (Jg sl o il YU U 0u] 8] ac gazes jo
Al el JolS 033l 5 4ty 5929 (bl 9 ()l (Ploss) Ol
il Jh85 (1) dlasly
Pin:Poul+Ploss (\)
L sl (B0 5 (o255 55 3] Sl 03939 s el
Dgdige Ol (V) dasly (SN ol 5l ()8 Hlaid 0
Pin:Pout (Y)
S S gl B (V) dbasly 6399 5W5 Jlosl b
() dasly o)l & Jlosl (YL 55 5 (Iy) 50 e g (L) S )
e eS|,

.
WXIEAOXY e xT, (v)
3 plae Seas 3l yme (Sl ol (¥) dly 4 055 L



VYV (60,0350 ) 95ku b j 0 (sbacie (50916 sl YU 5Ly ilolws cb b g (> 1hb (o))l 9 )Ly

sbaygige (s CS i (b (wgSas L olSed (65 ooy
PLosl o d Canid (sl bz 4 Jate Glaygige) slosid
S ply o 5a bygige shogh Cas g poludS Sl A5
558 0153 ygigegyuw das 93 Comwl AEBED 2 )93 A+ g ploiyigs
15 o3lizal YU 5y 59,580 dea 3,2 eyl 5 Vb (sl (MGO95)
WYl s e Baygigeg ) igls Sy g poliiS Sl
¥E N 5y 09 58I S Jsbo 0Bl ge did> 593 50 g yracyis
2 YL 55 euil3l el o Lo YO o 50 Jobo 5 st sl
Slad-ls bwgi |y 95k 10 5Wg 9 03,5 cuad olSiws (sok>
Loy e YL 5Ug 39580l g (e (slog pSUl e YL S sl
Ly YU 55 2,501 5 S15 b cymo; 39,580 jislo] ol lo 3
D91 led 3 jya lacile
Wemos ) Ll o il Jgile Jobis alobs (Sig,iSUl el o
slaygise 5lslely 5 (Atmega328p) ) uS's S0 (D1 mini V2
slslay (@F JSi) gojla e 13 (L298N) (gloasd

oy y9al aile 3)lg e polus g A il yio Sl Y/EXY/OXY /0

s o sles XYV X\ slal 4y (D-F JS5) 45 a5 (2l

S

ol e 6y 8ol Ly g 009y dtunly o cile S xSl
w3 o JSis ol 1y g0)98 5k g5k S i

GlaSagd Suibigy s gsu
i YU 5y b 5pmcile (o306 celaiules] plool (gl
55w (63,555 S g5 xiwly pll caa olaodly ]
o A oS (IS S s sl Y S ob)S3g8 Siily,
390 (Sl g (gl Clisas (olos g cwsl o 2 ablea
Csl 485 S g0 54 (bl 015 g ol 595 1 3l
YL 51 5ls b a5l 00 Lge o5 () B (slisb piSlas oS
slabss il 5w calw lym aiS S 5 cladile
A o3l yio Lo BoXYD g yio Lo YOXYD dlul 45 coguises]
Sy 5 ¥ ojlads o slogey Lws assisos)] clobgd VL]
Yo oS il sl I5y08 1 oamlio plSoxial ) 48 013 ) puals
az sl g5 bl oo o lo YV o] U3 5 Jbo e sl
Vo o ys g yeils Ve pad 4 (g3l he b (Sl g2
SrSoles g o> T gm0ty b slagp Cusl yia Bl
e &S 9wl |y cobl ol gl slag sz Jp 4l
508 o 8l > (JGY-370) g VY (gloass ygige 5l 1) 295

=¥ @I a <Y (Bl e =Y YU 5y 0al3E V) 6535k S g5k b jpe dile 30l (ol oS358 Sl (58 -V S
d)‘..\."ob Sy -Y)) c)}é -\ c&}ab 9 LJ""’?) dl.b.x.ls -4 ‘L)"'A) .)5)2&” -A c\le )1.7.19 .39)..3” -Y cdlo_\b )93'9,0 -5 4)93'9,45)“: -0 cd).sl.s

Fig.3. The self-propelled robotic platform of the weed killer with the feedback mechanism (1- High-voltage booster, 2-
Processing box, 3- Supply box, 4- Battery, 5- Servo motor, 6- Gear motor, 7- High-voltage electrode, 8- Ground
electrode, 9- on/off switches, 10- Fuse 11- Restart button)
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microcontroller, 6- 16 MHz crystal oscillator, 7- Wemos D1 mini V2 1oT module)
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Fig.5. The circuit of the weed killer with the feedback mechanism
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Fig.6. The application for controlling the weed Killer with the feedback mechanism (1- Move forward, 2- Move back, 3-
Turn left, 4- Turn right, 5- Stop movement, 6- Movement speed, 7- Electrode height, 8- High-voltage switch, 9-
Connect to port, 10- Serial port number)
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Fig.7. Test environment, the weed killer with the feedback mechanism killing weeds
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Table 1- Properties of the tested weeds by the weed Killer with the feedback mechanism
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Fig.8. The graph of electric current changes versus time during weeds being killed by the weed killer with the feedback
mechanism

i sladle (o306 Jloj g (Sl b slaodls =Y Jg
Table 2- Electric current and time data of weeds killing

No T.(s)

mea (s)

la(A)  lma (A)

[EEN

29
3.1
22
6
5
24
3.8
2.7
2.3
34

O©oo~NOOOLh WwWN

=
o

4.54
2.79
2.42

2.5
3.17
3.98
242
5.24
4.05
5.39

2.42

P lagl oy g5y dle (o306 pie (Sl g 550 dile 301
Ol (Ve JSa8) ad St (Bpae ol jlages g WY jlada
OIF Oizmen 9 Sly A B O+ (o0 ke (g (Bpae g o)ldge0
aS ol as dang b cuwl oad dule Gy PV ol sl bawgie
Jsine Ll 3l shael sl g VY8 01258l il ol yiSls
oL WY S8 )3V IS5 1 ol (65531 Jlages iy o0 Jlas 4
e cypia 5 g3 FYSIO (555l e oy i ] 015 00l
Sl Byan (650 bwgio Hlide el Cunday g3 Ve (65,0
Jo3 AYIYY jlame Slioal Ly o3 Y7 5,0 Gile 590 G (99526
ULy o ake) 555 ats (clls wgy (Jlos] el > .l
S5 g Ao yge 353 5l 1y i (S0 pSIl Gl (5)9kad
sleass sl 55 Gl Gl WS o Spae |y g yidn
Ogld o dn g L ol ool (198 Jol (ren sbsS 30 ilite
e S 3929 Ay o LS ) )Pged )3 (Gl sleald (oue
Sl 531 9 olos B1 31 o pSole (sl 0I5k (loj ju
63525 haro 6l b el (595 oo 3l §1 )5 (slotiny
ol a4l a8 e 8 Bum 350 1y (s (sladig: g 355 Wiy

Gl 03 Jlos! dilobus (g)5 doliyy 0 Sloj 5y pusio

5 Sl gl 4 dbgye (2l Fnl saosls ) eslinal L
wlolw gl (A JSi) ()l aobyy G (Y Jodo) (Sloj puio
&9y pLid ol cpl jldle 4y dogh b b 00> dawgi Sl
g g (m3)lde it g 2980 Jlad Wndg Sl (g9, Y U4
Ol s g WS (o 59yl pafilone e S 3 Aol s
599 6l (15> hma) by gl S o 031l 1 Iy 1o
(rpcile s929) byd (392 Cawpd b g 3580 (y 0 jppcile
Sy 3515 3580 sz Sloj jrayw i J(NSS) pg> by
el el (YU 565 Jlos] (sl (ol loj s pled) 1l
Sy b cos jmdile ploj cul (o 53 9 98 o0 BBgie 438 T
Jore L 39y o 5l g e S 2 1SS LS (e )8 YL
b 93 ol 5l (5o nlpli 09800 pleS (T = SXT) (Sboj
L it 03,5 o2 1] & Towome (68 aeliys 5 395505 03,51
5 ool (gl o)bgd b oo ojls] wlols g G595 oo md,tia
LSS s K By (6390

Jo sladle Gu gl gl (S pae $500 9 0I5
Tsl >y 4 barpe (S0l gl loosly (65 (Sl L



VYA 50555 950 b 550 slacile (o5 (sl YU 5Lg dilobs el 9 (> 15b oS00 9 )Ly

/ 15 kV /

N=0, I=0, l,ya=2.42, A, S=10, T=0.65

v
/ Movement /

A 4

[ Measure I }:
N=N+1
A
No
Wait T seconds
Yes y'y
No Yes

Stop Movement

©2953b 58 g5k b 5ym cale S0l (gly ()5 asliy —4 JSWS
Fig.9. Working program for the weed killer with the feedback mechanism
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Fig.10. The graph of consumption power for weeds being killed by the weed killer with the feedback mechanism
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Fig.11. The graph of consumption energy for weeds being killed by the weed Killer with the feedback mechanism

29 cladis dlaai 39y I me 4 0 (o sl ] ouds 1)
O3 4 829955 gy 65 Ll g )L el g3 00

9,985k @bl (ol
Ot 6 Al g anglio (ol 5l ol ls ¥ Jgue 5
ol 005 gl 5l ¥ Jgix )3 5 0l (6ylel s 6,683L 5om Gile gy Te S5 b gl g S5 B, 63555l 5 (s3sS it
©23555b 5k b 5ym cale (S50L ailoles ()5 slacdls (5 od 3l g olaws = Joia
Table 3- Number of killed weeds in the operating modes of the weed killer with the feedback mechanism
8350 digy axi

5 Lo Number of killed weeds
No. SYSTHTENN 3,934 g b
Feedback Non feedback
1 27 19
2 24 23
3 23 17
4 28 18
5 24 21
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Table 4- Statistical comparison of the operating modes of the weed killer with the feedback mechanism

AES Mean SD t df Sig (2-tailed)
Type of test
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Table 5- Comparison of the high-voltage weed killer with feedback mechanism with other methods
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Introduction

Activated carbon has a wide range of applications as a porous material in the liquid or gas phase adsorption
process. The physical process of activated carbon production is divided into two stages thermal decomposition
and activation. In this study, only the activation stage has been studied because it is very important in the
properties of activated carbon being produced.

The production of activated carbon from horticultural waste not only leads to cheap production and supply of
many industrial and environmental necessities but also reduces the amount of the produced solid waste. Iran
produces about 94,000 tons of pistachio husk annually, which is a good raw material for the production of
activated carbon. The profitability index of activated carbon production in Iran is equal to 3.63, which in the case
of export, the profitability index will be tripled.

Studies have shown that temperature, period, and activation gas flow are the key factors affecting burn-off
and iodine number during activated carbon production. Among the various activators tested, steam was found to
be the most efficient, with the fastest activation time. For pistachio crops, the minimum iodine number required
fozr eclonomic efficiency is 600 mg g, while the highest specific surface area according to the BET test is 1062.2
m°g-.

Materials and Methods

A Mannesmann tube made of 10 mm thick steel was used to construct the rotating reactor. To minimize heat
loss during operation, the kiln body was insulated with a ceramic blanket capable of withstanding temperatures
up to 1400°C. The kiln had a length and diameter of 190 cm and 48 cm, respectively, and operated at a
temperature of 600°C, requiring approximately 25 kWh of energy for heating. CATIA V5 R21 software was
employed to design the device, while ANSYS R20 software was used for thermal and mechanical analysis. The
rotary reactor was identified as a critical component due to the high levels of thermal and mechanical stress it
experiences. To address these issues, a thermal and fluid analysis was conducted, followed by a mechanical
analysis using the results from the prior step. Subsequently, experimental tests were performed on the actual
model, and the results were analyzed using statistical methods, including the T-student test in IBM SPSS
software.

The central heating unit and its surroundings were modeled using ANSYS CFX to obtain valuable
information on fluid velocity, radiant properties, and heat transfer within the kiln and surrounding area at an
operating temperature of 650°C. The analysis revealed uniform steam flow velocity between the kiln and the
heating unit. To accommodate longitudinal expansion resulting from heat stress, taller rollers were employed to
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allow freedom of movement in that direction, while the lateral movement was unrestricted. This arrangement
allows the reactor length to increase under varying temperatures. The reactor's end was designed with grooves
and pressure plates, incorporating abrasion and compression plates made from refractory fibers to effectively
seal the device. Furthermore, telescopic movement of the parts compensates for expansion effects.

Results and Discussion

The operating temperature of the system was gradually increased to reduce thermal stresses in the reactor
shell. This led to a maximum increment in a longitudinal increase of 11.75 mm. Results from five sets of
experimental tests and five software analyses demonstrated no significant differences between the experimental
and analytical results at a significance level of 5%. Based on the thermal contour analysis, the thickness of the
insulation layer was determined to be 5 cm. To control the operating temperature of the device, two methods
were employed: adjusting the flame length of the burner and using different types of exhaust outlets. These
measures effectively reduced thermal stress on the device.

Conclusion

Thermal and mechanical analysis were useful methods for predicting heat distribution, thermal stresses, and
potential dimensional changes in the activated carbon reactor. To compensate for possible alterations in the
reactor's length and diameter, abrasive plates and friction washers were implemented. Careful control of fuel
input to the burner and regulation of exhaust gas flow helped effectively reduce thermal stresses on the device.

Keywords: Activated Carbon, Activation, Pyrolysis, Steam
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dynamic scaling system, (6) Char kiln
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Fig.3. Activator unit: (1) Feeder unit, (2) Mechanical power generation unit, (3) Insulation cover, (4) Rotary drum, (5)
Variable kiln longitudinal angle unit, (6) Dynamic scaling unit
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Fig.4. Device control panel: (1) Main switch, (2) Burner inlet valve actuator driver, (3) Relay and indicator of burner
operation status, (4) Power supplies for sensors and actuators, (5) Arduino (MEGA R3 2560) as central processor unit
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Fig.5. Simulated model of activation kiln in ANSYS CFX environment
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Fig.6. The condition of the inner wall of the kiln in the temperature range (600 C): (1) Domain around the kiln, (2) Kiln
body, (3) Central heat generation unit, (4) Charge duct, (5) Steam, (6) Discharge duct
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Table 1- Analytical and experimental results of T-temperature of outlet materials in 600°C of kiln temperature

s O] 1 2 3 4 5
Experimental test
e g e 545 570 550 547 565
Product temperature ( C)
oall S 154800 240587 368470 487549 687954
Number of elements
s g slod 568 570 565 564 564

Product temperature ('C)

(/30 s o s gl ) SPSS Jllos J 295

Paired samples T-test 3JUT-Y Joua

Table 2- Paired samples T-test output from SPSS software (95% Confidence Interval of the Difference)

Mean Std. Deviation Std. Error Mean Lower Upper t

Sig.
df (2-tailed)

Experimental- Analytical -.192 175

.078 -409 .0258 -2.44 4 071
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Fig.8. Contour of internal kiln deformation at 600°C
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Fig.9. Thermal deformation control mechanism: (1) Kiln insulation cover, (2) Rotary drum, (3) Locking key, (4)
Labyrinth ring, (5) Sliding ring, (6) Discharge chute
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Fig.11. Central heat generator and its dual exhausts designed for different thermal conditions: (1) Burner position, (2)

Heating Pipe, (3) First exhaust for minimum heat exchange, (4) Second exhaust for maximum heat exchange, (5)
Separation Plate
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Introduction

Solar energy is one of the most important sources of renewable energy, and it is used to address problems
related to energy needs, including increasing fossil fuels, rising energy transportation costs, higher energy
demand worldwide, and greenhouse gas emissions. Solar collectors harness the sun's thermal energy to convert it
into useful and usable energy. Solar collectors are divided into several types, including parabolic trough
collectors (PTCs), linear Fresnel reflectors (LFRs), solar plates, and central towers. Among these, the most
common heat generation systems are linear adsorption technologies. In this study, we examine the use of LFR
technology for greenhouse heating during the winter in Shahrekord.

Materials and Methods

Previous studies (Huang et al., 2014) were used for optical analysis. The Daneshyar model was utilized to
calculate the amount of solar energy available at a particular location. Mathematical formulas were employed to
calculate the instantaneous energy equilibrium, and a heat transfer resistance model was developed to calculate
the heat loss of different parts of the collector. To create a model, the total amount of exergy must first be
calculated, which can be done by using the Petlla formula given by Bellos et al. (2019).

Results and Discussion

The following results were obtained from this study:

e The proposed mathematical model for calculating solar energy was accurate in terms of daily and
instantaneous performance. This model was valid for both clear and cloudy days, making it applicable in a
variety of weather conditions.

e  The maximum useful heat production of the current system for February was about 2.5 kW, resulting in an
increased liquid temperature of 16 degrees Celsius in the heat tank.

e The maximum thermal efficiency of the Fresnel collector during the day was 64%, while the average daily
efficiency was 56.4%.

e The most significant parameters that affected the production of useful energy were the position of the sun
during the day and the number of cloudy days.

The system was capable of heating stored water to 98 degrees per day, available for up to 14 hours.

The system under consideration can be used to produce heat up to 1260 watts for 15 hours without heating
the tank. The generated heat can be utilized in the food industry for steam production and industrial
desalination of water.

e The decrease in exergy efficiency was due to the reduction in the thermal efficiency of the system and the
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increase in the thermal difference between the collector and ambient temperatures. Higher values can be
achieved by reducing the heat losses, which is a reason to reduce the exergy efficiency of the system.

Conclusion

This paper investigated the daily performance of a linear Fresnel collector with an 18 square meter mirror
field, a parabolic collector, and an insulated storage tank with a volume of 250 liters. The investigation included
experimental analysis and theoretical formulation of thermal phenomena under the weather conditions of
Shahrekord. The mathematical model developed for this system is based on the energy balance in the collector
and storage tank. The results show that this is an efficient greenhouse heating system, with an average thermal
efficiency of 56%, which is reasonable and competitive with other similar technologies. Additionally, the cost of
construction and maintenance of this system is much lower than that of competitors.

Keywords: Concentrated collectors, Heat loss, Reflector, Thermal efficiency
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Fig.3. Cross-sectional view of Fresnel collector, the heat flux conditions considered between the different components
of the linear Fresnel receiver
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Table 2- Geometric specifications of the system
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Table 3- Thermodynamic characteristics of the system
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Table 4- Express efficiency according to the daily conditions of the system
391 0lbj > ol o35k SipmSToal
Day Time (h) Temperature (C) Thermal efficiency Exergy efficiency (%)
7 15 0.56 35
8 17.73 0.64 4.3
9 31.15 0.65 7
10 46.66 0.65 10
11 60.55 0.65 12
12 76.80 0.64 15
13 90.97 0.63 17
14 98 0.56 15
15 98 0.41 11
16 98 0.25 7

17 98 0.05 1




VP bl oF oslods Y ol (55 59binS s cmilo 4y s V&0

i)l LSl Yol ool ol oaid slpiddiy 0aiS zex
5l ol B ) LFR (6555 355 9 oo

S cyobg olo (gl (ed dilolw Mdo (slo)S g STas
JSs) ol SlgalSBIY dgas 13 g Cunl (siuddyed b 4
423V Gl e 0 mle slos Gl jEl &S Jl o oV
ol o gambes

¥ 595 Jab 3 J5 8 0d i8S yeke (5l 035l o i
Gl 2o 2OFIF &l bawgio 035b yliee 5 ol oy
A5 3 oo 58T de (<51 5 5 o alagially (ke
a9y 3 2l e 9590 Jobo 5> by Cunbse

a3 A lod B 1y gio j3 0,33 Ol inle S Sl ailolus
Gl oyiwd JBAY celu U jlade cpl s 1) jgy 5o

L (ol S (sl Olo—s (o 29— Sl ||
Celw V0 Gao 4 5 (50aiSp,S s Sl YF e )50
Bylias p oolatwl glys iale S Hlade 4ol S solatul
2,8 odlaiwl LS 5 sle)S e W)y slmolKiwd ( B
Gy A9 (PS8 soslial S5 slapelie
B o slap S s Ol 5 2l plio 15w Ay
Cowl o3lazwl

I Cewd (gho) OF Syl lawgio (250 (gl ailolu
Slasyslid plo b colsy B g culio jlide S a5 )8
oilpe 4o ()05 5 cile agie &S Jb pd ] wlie
el J1y55 5 1) 5l s pomb

ol 233k 8L (il s 4 (5T (o)l hals
g 0055 38 paito sled ()ly> NS iuliel 55 g ailobes
VL polie & lge ()l Sl (Eals Ll b
Slobo (phb g4 &8 900 plo Glyiee piomen 8L Cusd
XS oo 3930 Sl (slod YL pdlie o1350] Cwday 511 Lo
48 (ol oad (6 pS gl yl0 4 O 51 s jl &bl )
ol Glob (58T (2056 tals 5 L dg5

References

5! Jalas

(557081 sl Jo 53 5SS e 558 o 5 455
ol (55 ST olals PRI WEWIY &5 S| (S o> (6
Sy Al )3 (5581 by a5 sl Sy Joe Sl Gl
(TsuN) Les (il 3500 1y dud o3 Jdo ol 25,8 oalital (63959
oS (cam OV ] Sgsm sl (5 Loy 48 3,5 e Ha5
9 dwloe (65 ST 03]l (V) 5 (VA) dlasly) jl.098 0 035 (10055
033l 353 L g5 o ol 0dd 00l LS ¥ Joda g0 guls
TS e ol .l gyl BT g 03l ub (5]
9 ol Ll Gl 8 s 4o b e (alST s 5 (Rl
sl 58T 033l i ol 2y B LRIBIL )9
4o b odcel cwndny palie oS ol W celo 13 2o W L
(Bellos et al., 2019) ¢l

S 5 4o

L olyon (Jas Ji)3 oaiiS o (seiljg) 3 )Sas adlllas (pl >
03D (3o § Sl S e Sy qperio VA 4] plae
4355 ol oS el 0l qwyp i YO+ oz b ol ganisle
byl 5 5 (ol oy (ol andge B 28 el
ool 1 tbldnsss 5l Jde sl 0392 3,5 305 sln 5
ool Wl (gjlo pdd (35 5 0aiS gex 53 S35 il
T a0 plol glaJulod dons (L8 (50 )3 048 55 3)lge
Cawl pj

S5 amabre (gl 00 Sloindiy (8L ilwdie -
Jie ol ol 335 ST g wlig) 0,Skas i 5l g1 5
sl odlatul s 4 o0l o 9 Bl slajg) sl o
s bl losl )51y ol plssme cal iy sl yiine 5

58 Jlesl oo
gy Ll angly odiS sl el oo cVslas -

1.

2.

3.

4.

Anifantis, A. S., Colantoni, A., & Pascuzzi, S. (2016). Thermal energy assessment of a small scale photovoltaic,
hydrogen and geothermal stand-alone system for greenhouse heating. Renewable Energy, 103, 115-127.
https://doi.org/10.1016/j.renene.2016.11.031

Attar, |., & Farhat, A. (2015). Efficiency evaluation of a solar water heating system applied to the greenhouse
climate. Solar Energy, 119, 212-224. https://doi.org/10.1016/j.solener.2015.06.040

Babu, M., Raj, S. S., & Arasu, A. V. (2019). Experimental analysis on Linear Fresnel reflector solar concentrating
hot water system with varying width reflectors. Case Studies in Thermal Engineering, 14, 100444,
https://doi.org/10.1016/j.csite.2019.100444

Balaji, S., Reddy, K. S., & Sundararajan, T. (2016). Optical modelling and performance analysis of a solar LFR


https://doi.org/10.1016/j.renene.2016.11.031
https://doi.org/10.1016/j.solener.2015.06.040
https://doi.org/10.1016/j.csite.2019.100444

VPN

e ygliiody (Jas Ji48 0uliS S oo (65 ST 9 ()l Sk ol o 9 (559,90

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

receiver system with parabolic and involute secondary reflectors. Applied Energy, 179, 1138-1151.
https://doi.org/10.1016/j.apenergy.2016.07.082

Barbén, A., Barbén, N., Bayon, L., & Otero, J. A. (2016). Theoretical elements for the design of a small scale
Linear Fresnel Reflector: Frontal and lateral views. Solar Energy, 132, 188-202.
https://doi.org/10.1016/j.solener.2016.02.054

Barbén, A., Fernandez-Rubiera, J. A., Martinez-Valledor, L., Pérez-Fernandez, A., & Bayon, L. (2021). Design
and construction of a solar tracking system for small-scale linear Fresnel reflector with three movements. Applied
Energy, 285, 116477. https://doi.org/10.1016/j.apenergy.2021.116477

Baudoin, W., Nono-Womdim, R., Lutaladio, N., Hodder, A., Castilla, N., Leonardi, C., De Pascale, S., Qaryouti,
M., & Duffy, R. (2013). Good agricultural practices for greenhouse vegetable crops: Principles for mediterranean
climate areas. FAO plant production and protection paper (FAO).(book)

Bellos, E. (2019). Progress in the design and the applications of linear Fresnel reflectors—A critical
review. Thermal Science and Engineering Progress, 10, 112-137. https://doi.org/10.1016/j.tsep.2019.01.014
Bellos, E., Mathioulakis, E., Papanicolaou, E., & Belessiotis, V. (2018). Experimental investigation of the daily
performance of an integrated linear Fresnel reflector system. Solar Energy, 167, 220-230.
https://doi.org/10.1016/j.solener.2018.04.019

Bellos, E., Mathioulakis, E., Tzivanidis, C., Belessiotis, V., & Antonopoulos, K. A. (2016). Experimental and
numerical investigation of a linear Fresnel solar collector with flat plate receiver. Energy Conversion and
Management, 130, 44-59. https://doi.org/10.1016/j.enconman.2016.10.041

Bellos, E., Tzivanidis, C., Korres, D., & Antonopoulos, K. A. (2015). Thermal analysis of a flat plate collector
with Solidworks and determination of convection heat coefficient between water and absorber. In ECOS
conference. https://doi.org/10.1177/0957650917712403

Belessiotis, V., Mathioulakis, E., & Papanicolaou, E. (2010). Theoretical formulation and experimental validation
of the input-output modeling approach for large solar thermal systems. Solar Energy, 84(2), 245-255.
https://doi.org/10.1016/j.solener.2009.10.024

Benyakhlef, S., Al Mers, A., Merroun, O., Bouatem, A., Boutammachte, N., El Alj, S., Ajdad, H., Erregueragui,
Z., & Zemmouri, E. (2016). Impact of heliostat curvature on optical performance of Linear Fresnel solar
concentrators. Renewable Energy, 89, 463-474. https://doi.org/10.1016/j.renene.2015.12.018

Boito, P., & Grena, R. (2021). Application of a fixed-receiver Linear Fresnel Reflector in concentrating
photovoltaics. Solar Energy, 215, 198-205. https://doi.org/10.1016/j.solener.2020.12.024

Duffie, J. A., Beckman, W. A., & Blair, N. (2020). Solar engineering of thermal processes, photovoltaics and
wind. John Wiley & Sons; 2020 Mar 24.(book)

Ebrahimpour, A., Maaref, M., & Nairi, H. (2009). Comparison of two different methods for estimating air purity
coefficient for Iranian cities. Geography and Planning, 14(28), 1-16. (In Persian).

Forristall, R. (2003). Heat transfer analysis and modeling of a parabolic trough solar receiver implemented in
engineering equation solver (No. NREL/TP-550-34169). National Renewable Energy Lab., Golden, CO.(US).
Hasandokht, M. (2005). Greenhouse management (greenhouse product technologies). Marze danesh publication,
pp: 31-35. (In Persian).

Huang, F., Li, L., & Huang, W. (2014). Optical performance of an azimuth tracking linear Fresnel solar
concentrator. Solar Energy, 108, 1-12. https://doi.org/10.1016/j.solener.2014.05.010

Jafari, M., Mortezapour, H., Jafari Naeimi, K., & Maharlooei, M. (2017). Performance Investigation of a Solar
Greenhouse Heating System Equipped with a Parabolic Trough Solar Concentrator and a Double-Purpose Heat
Exchanger. Journal of Agricultural Machinery, 7(2), 364-378. (In Persian with English abstract).
https://doi.org/10.22067/jam.v7i2.56939

Jafarpour, Kh., & Karshenas, M. (2001). Cloud coefficient and its application in estimating solar radiation in
different climates of Iran. Iranian Journal of Energy, 6 (1), 45-56. (In Persian).

Kalogirou, S. A. (2012). A detailed thermal model of a parabolic trough collector receiver. Energy, 48(1), 298-
306. https://doi.org/10.1016/j.energy.2012.06.023

Loni, R., Kasaeian, A. B., Asli-Ardeh, E. A., & Ghobadian, B. (2016). Optimizing the efficiency of a solar
receiver with tubular cylindrical cavity for a solar-powered organic Rankine cycle. Energy, 112, 1259-1272.
https://doi.org/10.1016/j.energy.2016.06.109

Jovanovi¢, M., Ka$c¢elan, L., Despotovié, A., & Kaséelan, V. (2015). The impact of agro-economic factors on
GHG emissions: Evidence from European developing and advanced economies. Sustainability, 7(12), 16290-
16310. https://doi.org/10.3390/su71215815

Ma, J., & Chang, Z. (2018). February. Understanding the effects of end-loss on linear Fresnelcollectors. In IOP
Conference Series: Earth and Environmental Science (Vol. 121, No. 5, p. 052052). I0OP Publishing.
https://doi.org/10.1088/1755-1315/121/5/052052

Mokhtar, G., Boussad, B., & Noureddine, S. (2016). A linear Fresnel reflector as a solar system for heating water:


https://doi.org/10.1016/j.apenergy.2016.07.082
https://doi.org/10.1016/j.solener.2016.02.054
https://doi.org/10.1016/j.apenergy.2021.116477
https://doi.org/10.1016/j.tsep.2019.01.014
https://doi.org/10.1016/j.solener.2018.04.019
https://doi.org/10.1016/j.enconman.2016.10.041
https://doi.org/10.1177/0957650917712403
https://doi.org/10.1016/j.solener.2009.10.024
https://doi.org/10.1016/j.renene.2015.12.018
https://doi.org/10.1016/j.solener.2020.12.024
https://doi.org/10.1016/j.solener.2014.05.010
https://doi.org/10.22067/jam.v7i2.56939
https://doi.org/10.1016/j.energy.2012.06.023
https://doi.org/10.1016/j.energy.2016.06.109
https://doi.org/10.3390/su71215815
https://doi.org/10.1088/1755-1315/121/5/052052

VP bl oF oslods Y ol (5559bis s milo 4y piis VAY

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

theoretical ~and  experimental  study. Case  Studies in  Thermal  Engineering, 8,  176-186.
https://doi.org/10.1016/j.csite.2016.06.006

Nixon, J. D., Dey, P. K., & Davies, P. A. (2013). Design of a novel solar thermal collector using a multi-criteria
decision-making methodology. Journal of Cleaner Production, 59, 150-159.
https://doi.org/10.1016/j.jclepro.2013.06.027

Ozgener, O., & Hepbasli, A. (2006). An economical analysis on a solar greenhouse integrated solar assisted
geothermal heat pump system. Journal of Energy Resources Technology, 128, 28-34.
https://doi.org/10.1115/1.2126984

Petela, R. (2003). Exergy of wundiluted thermal radiation. Solar  Energy, 74(6), 469-488.
https://doi.org/10.1016/S0038-092X(03)00226-3

Qiu, Y., He, Y. L., Cheng, Z. D., & Wang, K. (2015). Study on optical and thermal performance of a linear
Fresnel solar reflector using molten salt as HTF with MCRT and FVM methods. Applied Energy, 146, 162-173.
https://doi.org/10.1016/j.apenergy.2015.01.135

Said, Z., Ghodbane, M., Sundar, L. S., Tiwari, A. K., Sheikholeslami, M., & Boumeddane, B. (2021). Heat
transfer, entropy generation, economic and environmental analyses of linear Fresnel reflector using novel rGO-
Co304 hybrid nanofluids. Renewable Energy, 165, 420-437. https://doi.org/10.1016/j.renene.2020.11.054
Smith, P., Clark, H., Dong, H., Elsiddig, E. A., Haberl, H., Harper, R., House, J., Jafari, M., Masera, O., Mbow,
C., & Ravindranath, N. H. (2014). Agriculture, forestry and other land use (AFOLU).

Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., McCarl, B., Ogle, S., O'Mara, F., Rice, C., &
Scholes, B. (2008). Greenhouse gas mitigation in agriculture. Philosophical transactions of the royal Society B:
Biological Sciences, 363(1492), 789-813. https://doi.org/10.1098/rsth.2007.2184

Sharma, V., Nayak, J. K., & Kedare, S. B. (2015). Effects of shading and blocking in linear Fresnel reflector
field. Solar Energy, 113, 114-138. https://doi.org/10.1016/j.solener.2014.12.026

Sherafati, K. (2009). Investigation of energy consumption indices of cucumber production in Tehran greenhouses.
Final report of the research project of the Institute of Agricultural Technical and Engineering Research. (In
Persian).

Tagle, P. D., Agraz, A., & Rivera, C. . (2016). Study of applications of parabolic trough solar collector
technology in Mexican industry. Energy Procedia, 91, 661-667. https://doi.org/10.1016/].eqypro.2016.06.227
Tzivanidis, C., & Bellos, E. (2016). The use of parabolic trough collectors for solar cooling—A case study for
Athens climate. Case Studies in Thermal Engineering, 8, 403-413. https://doi.org/10.1016/j.csite.2016.10.003
Wang, G., Wang, F., Shen, F., Jiang, T., Chen, Z., & Hu, P. (2020). Experimental and optical performances of a
solar CPV device using a linear Fresnel reflector concentrator. Renewable Energy, 146, 2351-2361.
https://doi.org/10.1016/j.renene.2019.08.090

Xu, C., Chen, Z., Li, M., Zhang, P., Ji, X., Luo, X., & Liu, J. (2014). Research on the compensation of the end loss
effect for parabolic trough solar collectors. Applied Energy, 115, 128-139.
https://doi.org/10.1016/j.apenergy.2013.11.003


https://doi.org/10.1016/j.csite.2016.06.006
https://doi.org/10.1016/j.jclepro.2013.06.027
https://doi.org/10.1115/1.2126984
https://doi.org/10.1016/S0038-092X(03)00226-3
https://doi.org/10.1016/j.apenergy.2015.01.135
https://doi.org/10.1016/j.renene.2020.11.054
https://doi.org/10.1098/rstb.2007.2184
https://doi.org/10.1016/j.solener.2014.12.026
https://doi.org/10.1016/j.egypro.2016.06.227
https://doi.org/10.1016/j.csite.2016.10.003
https://doi.org/10.1016/j.renene.2019.08.090
https://doi.org/10.1016/j.apenergy.2013.11.003

@ Journal of Agricultural Machinery D
Homepage: https://jame.um.ac.ir

- v B
T AL G A

@ ® Research Article
Vol. 13, No. 2, 2023, p. 163-174

Detection of Different Percentages of Palm in Corn Oil with the Help of an
Electric Nose

Z. Zangene Wandi', H. Javadikia®©%, N. Aghili Nategh®, L. Naderloo*

1- M.Sc. of Mechanical Engineering of Biosystems Department, Razi University, Kermanshah, Iran

2- Associate Professor of Mechanical Engineering of Biosystems Department, Razi University, Kermanshah, Iran

3- Assistant Professor of Mechanical Engineering of Biosystems Department, Sonqor Agriculture Faculty, Razi
University, Kermanshah, Iran

4- Associate Professor of Mechanical Engineering of Biosystems Department, Razi University, Kermanshah, Iran

(*- Corresponding Author Email: pjavadikia@gmail.com)

https://doi.org/10.22067/jam.2021.70930.1046

How to cite this article:

Zanganeh Wandi, Z., Javadikia, H., Aghili Nategh, N., & Naderloo, L. (2023). Detection
of Different Percentages of Palm in Corn QOil with the Help of an Electric Nose. Journal
of Agricultural Machinery, 13(2), 163-174. (in Persian with English abstract).
https://doi.org/10.22067/jam.2021.70930.1046

Received: 13 September 2021

Revised: 13 November 2021

Accepted: 16 November 2021
Available Online: 16 November 2021

Introduction

The use of corn oil in diets is due to its positive effects on cardiovascular and immune systems. Corn oil is
composed of 99% triacylglycerol, with 59% unsaturated fatty acids and 13% saturated fatty acids. Of the
unsaturated fatty acids, 24% contain a double bond. Because of this composition, corn oil can be a good
alternative to other oils high in saturated fatty acids, as it reduces blood cholesterol levels.

This study employed an electrical nasal system to detect the amount of palm oil present in corn oil. The
properties extracted from the signals obtained by the device were processed using principal component analysis,
artificial neural networks, infusion, and response surface methods. The results were then compared to find the
best method for detecting palm oil levels in corn oil.

Materials and Methods

The required palm oil was obtained from the Nazgol Oil Agro-industrial Plant, while the corn oil was
obtained from natural lubrication centers. To prepare samples with different percentages of palm oil, 75 grams of
palm oil and corn oil with the specified percentages were mixed and stored in special containers.

In the electrical nose system, ten metal oxide semiconductor sensors (MOS) were used to collect output data.
Pre-processing operations were performed on this data using RSM, ANFIS, PCA, and ANN methods to estimate
the percentage of palm oil in corn oil. The Unscrambler V.9 software, Design Expert 8.07.1, and MATLAB
R2013a were used to analyze the results.

Results and Discussion

Based on the Score plot, PC-1 and PC-2 explain 53% and 25%, respectively, describing the variance between
samples for a total of 78 data points. The analysis indicates that sensors 7 and 8 have minimal impact on the
detection process and can be removed from the sensor array. When reducing the cost of the olfactory system's
sensor array, sensor 6 plays a more significant role than other sensors in detecting corn oil with palm
composition.

According to the loading diagram of palm percentage in corn oil, the MQ6 sensor had the least effect in
classifying different percentages of palm in corn oil and pattern identification. Out of all functional parameters
(accuracy, sensitivity, and specificity), the RSM method is deemed more appropriate for determining the
percentage of palm in corn oil.

Regarding the separation of corn oil and palm oil by ANFIS, RSM, and ANN, the results in Table 3-1
indicate that the RSM method is better suited for classifying corn and palm oil.

Conclusion
In this study, we used an electronic multi-sensor system based on metal oxide sensors to analyze various
aromatic compounds in different oil and palm samples and to detect the presence of palm. The system provided
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comparable information for classifying different samples of palm oils. Using PCA, ANN, ANFIS, and RSM
methods, we evaluated the system's performance in differentiating and classifying various oil and palm samples.

The results obtained from the loading diagrams for the detection of palm in corn oil indicated that the MQ6
sensor had the least impact on the detection process. Therefore, this sensor can be removed from the sensor
array.

Additionally, our analysis showed that using the RSM method is more effective in detecting different
percentages of palm in corn oil. Overall, our study demonstrates the efficacy of the electronic multi-sensor
system in analyzing different oil and palm samples and detecting the presence of palm.

Keywords: Fatty acid, Fraud, Sensory evaluation
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0 1 0.95 0.89
25 0.63 1 1
ANN 50 0.88 0.86 0.75
75 0.75 0.91 0.75
0 1 1 1
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Introduction

Maize is one of the most important cereal crops worldwide, providing staple food for people globally.
Counting maize tassels provides essential information about yield prediction, growth status, and plant
phenotyping, but traditional manual approaches are expensive and time-consuming. Recent developments in
technology, including high-resolution RGB imagery acquired by unmanned aerial vehicles (UAVs) and
advanced machine-learning techniques such as deep learning (DL), have been used to analyze genotypes,
phenotypes, and crops.

In this study, we modified the YOLOvV5s single-stage object detection technique based on a deep
convolutional neural network and named it MYOLOvV5s. We incorporated BottleneckCSP structures, Hardswish
activation function, and two-dimensional spatial dropout layers to increase tassel detection accuracy and reduce
overfitting. Our method's performance was compared with three state-of-the-art algorithms: Tasselnetv2+,
RetinaNet, and Faster R-CNN. The results obtained from our proposed method demonstrate the effectiveness of
MYOLOV5s in detecting and counting maize tassels.

Materials and Methods

The High-Intensity Phenotyping Site (HIPS) dataset was collected from the large field at the Agronomy
Center for Research and Education (ACRE) of Purdue University, located in West Lafayette, Indiana, USA
during the 2020 growing season. A Sony Alpha 7R-11l RGB camera mounted on a UAV at a 20m altitude
captured high-resolution orthophotos with a pixel resolution of 0.25 cm. The dataset consisted of two
replications of 22 entries each for hybrids and inbreds, planted on May 12 using a two-row segment plot layout
with a plant population of 30,000 per acre. The hybrids and inbreds in this dataset had varying flowering dates,
ranging from 20 days between the first and last variety.

This article uses orthophotos taken on July 20th and 24th to train and test the proposed deep network
"MYOLOV5s." These orthophotos were divided into 15 images (3670x2150) and then cropped to obtain 150
images (608 x 2048) for each date. Three modifications were applied to the original YOLOv5s to form
MYOLOVv5s: BottleneckCSP structures were added to the neck part of the YOLOv5s, replacing some C3
modules; two-dimensional spatial dropout layers were used in the defect layer; and the Hardswish activation
function was utilized in the convolution structures. These modifications improved tassel detection accuracy.
MYOLOv5s was implemented in the Pytorch framework, and the Adam algorithm was applied to optimize it.
Hyper-parameters such as the number of epochs, batch size, and learning rates were also optimized to increase
tassel detection accuracy.

Results and Discussion

In this study, we first compared the original and modified YOLOv5s techniques, and our results show that
MYOLOv5s improved tassel detection accuracy by approximately 2.80%. We then compared MYOLOV5s
performance to the counting-based approach TasselNetv2+ and two detection-based techniques: Faster R-CNN
and RetinaNet. Our results demonstrated the superiority of MYOLOV5s in terms of both accuracy and inference
time. The proposed method achieved an AP value of 95.30% and an RMSE of 1.9% at 84 FPS, making it about
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1.4 times faster than the other techniques. Additionally, MYOLOV5s correctly detected the highest number of
maize tassels and showed at least a 17.64% improvement in AP value compared to Faster R-CNN and
RetinaNet, respectively. Furthermore, our technique had the lowest false positive and false negative values. The
regression plots show that MYOLOV5s provided slightly higher fidelity counts than other methods.

Finally, we investigated the effect of score values on the performance of detection-based models and

calculated the optimal values of hyperparameters.

Conclusion

1.

2.

The MYOLOV5s technique outperformed other state-of-the-art models in detecting maize tassels, achieving
the highest precision, recall, and average precision (AP) values.
The MYOLOv5s method had the lowest root mean square error (RMSE) value in the error counting metric,
demonstrating its accuracy in detecting and counting maize tassels.
We evaluated the correlation between predicted and ground-truth values of maize tassels using the R2
score, and for the MYOLOvV5s method, the R2 score was approximately 99.28%, indicating a strong
correlation between predicted and actual values.
The MYOLOv5s method performed exceptionally well in detecting tassels, even in highly overlapping
areas. It accurately distinguished and detected tassels, regardless of their proximity or overlap with other
objects.

When compared to the counting-based approach TasselNetv2+, our proposed MYOLOv5s method showed

faster inference times. This suggests that the MYOLOV5s method is computationally efficient while maintaining
accurate tassel detection capabilities.

Keywords: Deep learning, Image processing, Maize tassel, Object detection, UAV
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1- Spatial-Dropout

2- Head

3- Hyper-parameter

4- High Intensity Phenotyping Sites
5- Purdue University

6- Inbred

7- Hybrid

8- Orthophoto



VP bl o oylods Y w655l gloopmiilo 45 pis YA

YOLOV2 4l 5l s g 4 yiiia YN8 Jow o )] a5 s
Farhadi & )YOLOv3 (Redmon & Farhadi, 2017)
Bochkovskiy, Wang, & )YOLOv4 (Redmon, 2018
L (Long et al., 2020) PP-YOLO 4 YOLOVS5 ((Liao, 2020

YoV d\/? Y¥ 2 IXWIRCS| )Js.‘aj (u
b) Captured orthophotos on 2020/07/24
Fig.1. Captured orthophotos from corn farm on July 20 & 24

ol a5 (He, Zhang, Ren, & Sun, 2015) (SPP) VL;;KA
Wang ) (CSPNet) *ablie 5ja a5y a5ud (slin 1 | 450
o yodaiody lnl (uomd oyl 45 a3 o IS5 (et al., 2020
lrale Lin 1 (959 9 1 °(Shy 428 S0 o)
o LS sLal G ojl] 55 (Shi et al., 2016) Lo oS
i a4 g 0 Dbl 3805 Hd L lawes L VY 5 (6958
Jocher et ) C3 bl a4 0a s 2oy gl ¢y D54 0 3 )lg
(Wang et al., 2020) BottleneckCSP |, «lis 5 (al., 2020
il s 3, 51 L5 204 0 3)lg Cunwl iz 40Y s b Lol
by (Shy sy S x5k sl lulyd Ll cpl bawgs
sl SPP s L Sl ecuond ol 53 oleg 3 il wal )3 o )5l
o sl bl oljdl g calisee laplie b b Sy pleol

g0 03y

3- Spatial Pyramid Pooling

4- Cross Stage Partial Network
5- Feature Map

6- Pixel Shuffling
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1- Focus
2- Convolutional
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3- Concatenation
4- Up-Sampling
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1- Path Aggregation Network
2- Feature Pyramid Network
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4- Objectness Score

5- Class Probability Score

6- Bounding Box Regression Score

7- Binary Cross-Entropy

8- Logits Loss Function

9- Generalized Intersection Over Union
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1- Overfitting
2- Back Propagation of Error
3- Feed Forward
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9- False Negative

10- False Positive

11- Precision

12- Recall

13- Accuracy

14- Average Precision (AP)
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1- Google Colab

2- Random-Access Memory
3- Graphics Processing Unit
4- Pytorch

5- Adam

6- Epoch

7- Batch Size

8- True Positive
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3- Tensorflow
4- Flip
5- Data Augmentation
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YOLOvVS5s 92.50
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1- Root Mean Square Error
2- Frame Per Second
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Table 2- Parameter setting of HIPS dataset by different methods

Las dlass Las alassy Las dlassy Ll -
it 551 G : o o #9 : Gan o)l STolany SIWAR 0%
Algorithm i U 0¥ Batch Size Epoch Optimization
NO. Train NO. Validation NO. Test method
270 (mixed with
TasselNetv2+ validation data) - 30 16 300 SGD
Faster R-CNN 240 30 30 4 833 SGD
RetinaNet 240 30 30 4 500 Adam
MYOLOvVS5s 240 30 30 16 200 Adam
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Fig.4. MYOLOV5s determination of the optimal batch-size and epoch values
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Table 3- Comparison among the AP and R” values obtained by different algorithms in training step

o%2,95! Orle & R? (%) 4l 2 o2 )3 2laxi
Algorithm AP (%) FPS
TasselNetv2+ - 80.23 61
Faster R-CNN 80.83 79.71 13
RetinaNet 81.26 99.44 29
MYOLOvS5s 98.69 99.45 84
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Table 4- Comparison of performance and inference time of different methods on HIPS test images
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Algorithm Precision (%) Recall (%) AP (%) .

RMSE FPS

TasselNetv2+ - - - 10.32 77.86 61

Faster R-CNN 91.35 82.85 76.99 8.58 86.83 13

RetinaNet 92.49 88.04 77.66 6.01 95.53 29

MYOLOvVSs 93.58 94.97 95.30 1.9 99.28 84
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Table 5- F1 (%) score values of HIPS test images obtained by Faster R-CNN, RetinaNet and MYOLOv5s algorithms

0903 g 355! 0903 pgad o 595
Test subset Algorithm Test subset Algorithm
Faster R-CNN  RetmaNet v o1 ovss Faster RCNN  eimaNEt v oL ovss

S1-20 88.53 85.97 98.37 S1-24 85.98 88.47 94.67
S2-20 95.79 94.85 97.59 S2-24 92.44 94.9 97.59
S3-20 94.71 88.69 94.94 S3-24 90.77 96.11 98.17
S4-20 92.44 91.07 99.19 S4-24 91.8 92.43 97.7
S5-20 82.22 94.94 94.21 S5-24 88.09 83.65 93.99
S6-20 89.91 93.15 99.14 S6-24 96.48 98.27 96.75
S7-20 96.32 96.32 97.38 S7-27 94.5 90.9 97.33
S8-20 79.99 97.7 93 S8-24 86.67 88.41 92
S9-20 93.68 93.68 94.7 S9-24 65.95 90.77 91.5
S10-20 97.85 91.77 95.7 S10-24 94 90.87 92.42
S11-20 66.67 65 100 S11-24 41.21 69.11 73.91
S12-20 92.01 89.97 94.4 S12-24 81.66 94.63 91.27
S13-20 - - - S13-24 60.03 75.02 77.42
S14-20 79.99 94.12 94.12 S14-24 84.85 94.12 93.13
S15-20 96.53 94.12 94.39 S15-24 89.93 89.61 94.94

. 89.045 90.81 96.22 s 82.96 89.15 92.19
Total Total
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Introduction

Rice is one of the most important main food sources in Iran and the world. The correct identification of the
type of pest in the early stages of preventive action has a significant role in reducing the damage to the crop.
Traditional methods are not only time-consuming but also provide inaccurate results, As a result, precision
agriculture and its associated technology systems have emerged. Precision agriculture utilizes information
technology such as GPS, GIS, remote sensing, and machine learning to implement agricultural inter-farm
technical measures to achieve better marginal benefits for the economy and environment. Machine learning is a
division of artificial intelligence that can automatically progress based on experience gained. Deep learning is a
subfield of machine learning that models the concepts of using deep neural networks with several high-level
abstract layers. This capability has led to careful consideration in agricultural management. The diagnosis of
disease and predicting the time of destruction, with a focus on artificial intelligence, has been the subject of
much research in precision agriculture. This article presents, in the first step, a trained model of the Chilo
suppressalis pest using data received from the smartphone, validated with the opinion of experts. In the second
step, we introduce the developed system based on the smartphone. By using this system, farmers can share their
pest images through the Internet and learn about the type of pest on their farm, and finally, take the necessary
measures to combat it. This operation is done quickly and efficiently using the developed artificial intelligence.
In the continuation of the article, the second part introduces the materials and methods, and the third part
presents the results. The fourth section also discusses and concludes the research.

Materials and Methods

Chilo suppressalis is one of the most important pests of rice in temperate and subtropical regions of Asia.
The conventional approach employed by villagers to gather the Chilo suppressalis pest entails setting up a light
source above a pan filled with water infused with a pesticide. At sunset, these insects are attracted to the light
and fall into the water in the pan. This method is known as optical trapping. After catching the pest using optical
traps, they are collected from the water surface, and their photo is taken with a mobile phone based on the
location of the optical trap.

The proposed method in this research consists of three main steps. Firstly, the farmer utilizes the software
provided by the extended version known as Smart Farm. The farmer captures an image of the Chilo suppressalis
pest and sends it along with its location to the system. The Smart Farm software program carries out image
processing and pest range detection operations. The user then verifies the accuracy of the pest detection. In the
second step, the images sent by the farmer are processed by the pre-trained model within the system. The model
analyzes the images and determines the presence of the pest. Finally, after identifying the type of pest, the
results, along with recommended methods for pest control, are sent back to the farmer.

In summary, In this method, farmers employ the Smart Farm software to capture and transmit images of the
Chilo suppressalis pest. The captured images then undergo image processing and pest range detection as the next
steps in the process. The results, including pest identification and control methods, are then returned to the
farmer.

Results and Discussion
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The model has been designed with 400 artificial neural network processing units (APCs), achieving accuracy
percentages of 88% and 92%. To conduct a more detailed study of the proposed model, the statistical criteria of
recall and F-score were used. Based on the calculations, the trained model demonstrated a recall score of 91%.
This criterion shows that the model was able to identify a large percentage of what was expected to be identified
by the model. Additionally, the F-score, with an acceptable percentage of 88%, confirmed the accuracy of the
trained model.

Conclusion

Researchers have always been highly interested in the valuable data freely provided by farmers for their
studies and analyses. In this study, an intelligent system was designed for identifying types of pests such as
worms and stalk eaters, which can automatically determine the pest type from the image sent by the farmer using
artificial intelligence and deep learning. By utilizing the developed system, farmers can be informed of the type
of pest present on their farm in the shortest possible time, with minimal required software training.

Keywords: Automatic pest detection, Intelligent agriculture, Machine learning, Smartphone
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2- Differentiable Function
3- Pooling
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5- Convolutional layer

6- Activation Function
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1- Dropout
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Introduction

It is predicted that the world population will grow to 9.3 billion by 2050 and the urban population will
increase by 73%, growing from 3.6 billion to 6.3 billion. This huge population requires abundant food
production. A plant factory with artificial light (PFAL) is a closed growing system that is insulated against heat
and air. The plants grow on shelves under horizontal artificial lighting. The main goal of PFAL is commercial
plant production, but mini PFALs do not have commercial goals and are used to produce plants in small
domestic sizes. Plants that are less than 30 cm tall, and grow well in relatively low light conditions and at high
planting densities, are suitable for the plant factory. Therefore, plants such as rice, wheat, and potatoes are not
suitable for cultivation in a plant factory.

The main purpose of this research is to study the proper light quality for growing radish plants. All light
treatments had a significant effect on biomass, sugar, and photosynthetic pigments of radish. The results showed
that the highest amount of chlorophyll a was 0.964 mg g™ fresh leaf weight and the lowest amount was
0.318 mg g™ fresh leaf weight. For chlorophyll b, the highest value was 0.666 mg g™ wet weight and the lowest
value was 0.229 mg g™ wet weight. The highest and lowest carotenoid contents were 74.75 mg g™ and 30.6
mg g wet weight, respectively. The highest sugar content was 0.717 pg g™ dry weight and the lowest was 0.02
pg g™ dry weight. The highest fresh and dry weights of the plant were 0.27 g and 0.014 g, respectively, while the
lowest values recorded were 0.155 g and 0.007 g, respectively. In this study, plant length was also examined, but
no significant difference was observed between different light treatments. Based on these findings, it can be
concluded that the light composition (R2, GO, B1) was the most suitable light regime for use in the designed
system.

Materials and Methods

The plant studied in this investigation was radish. The place of growth was a vertically built system
consisting of four floors, each divided into two sections. A controller was required in each section to regulate
parameters such as light time, temperature, and moisture. The controllers were designed using Fritzing software
and built with parts and sensors like DHT 11, Arduino UNO based on ATMEGA328P, Relay module Arduino,
data logging shield, and driver module RC. A programming platform like Arduino was used to write codes for
controlling the remaining parameters. This study tested seven different light treatments, plus sunlight as a
control, to investigate their effects on radish growth. The light treatments were developed by adjusting the
number of three different lights: red, green, and blue. LEDs were installed after designing and constructing the
m-PFAL system. Based on previous research conducted in this field, all LED lights were positioned above the
shelves to ensure that the plants received an appropriate amount of light in a vertical orientation. Additionally,
light reflectors were installed beside the plants to provide proper lighting for the lower leaves. The experimental
design involved a completely randomized design with eight treatments and three replications, and all data
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analysis was conducted through SAS software. The average comparison was performed using the Duncan
method at a probability of 1% and 5%.

Results and Discussion

The results indicate that the light regime (R2, GO, B1) resulted in the highest amount of chlorophyll "a",
which was significantly different from both the control and other treatments. The treatment with the lowest
amount of chlorophyll "a" was (R1, GO, B0), which did not differ significantly from the control or (R1, G1, B1).
The treatment with the highest amount of chlorophyll "b" was (R2, GO, B1), which differed significantly from
the control but not from (R2, G1, BO) or (R1, GO, B2). Using a mixed light treatment of blue and red resulted in
higher amounts of photosynthesis pigments, especially when the red light was more prevalent. The treatment
with the highest wet weight was (R2, GO, B1), which did not differ significantly from natural light. The
treatment with the lowest wet weight was the just red light treatment, which was much lower than the other
treatments. The dry weight of the radish was 4-6 percent of its wet weight, and the treatment with the highest dry
weight was (R2, GO, B1), which did not differ significantly from (RO, G1, B2) or (R1, GO, B0). The treatment
with the highest amount of sugar was (R2, GO, B1), which was significantly higher than other optical regimes
used and natural light. Because the production of carbohydrates and sugar is directly related to photosynthesis, it
can be concluded that the state of photosynthesis was most proper in the (R2, GO, B1) treatment.

Conclusion

This study investigated the optimal light quality for the healthy and rapid growth of radish plants in a plant
factory. LED lights can be an excellent alternative to natural light when there are limitations, such as in
greenhouses or multi-floor plantings. The results show that the best light mixture was red and blue lights, with
more red light than blue light, while the worst light regime was just red color, which had a negative effect on all
parameters.

Keywords: Artificial light, Chlorophyll, Light regime, Plant factory, Urban agriculture



@ S 39l (sl iblo 4y s 7
https://jame.um.ac.ir =
Sy WA

YAFZYYN Lo NErY Olagl oY o led Y Al
dhl.; AJB-J\S uS.: g}\m‘g f‘,b BL alfs 6‘Auﬁ$u ‘;&ﬁﬁ dﬁj.u..a.o )‘33 Q‘f‘ JQJJ‘
S 55 lie

Y - Y . #Y N \ N
B Ol S ¢ (g NS 5500 D Gk (5 g 90 Ly s ld ) et by

VFeo[PAIYY redl s o,
VY ik fo b

2SS

S cdl g (b Giagh ool ol Bua il e ol slalad (655,84 ol (e 501 (s 0 bz 5 (2138 Dlge 2

DS 52 S50 sla Sy e 3l i 55 ol & Ll 1 ablipe e blie )3 eolitiul Ca (estan )5 4 e LS W
R=0, G=1, ) (R=1, G=0, B=2) (R=2, G=1, B=0) (R=2 G=0 B=1) s )55 ;Les A sLiss 255 so gmns akS G55 S,
58 )15 Ltale]] 3,90 )55 dus 3 5 4S5 lsisds adys 5 5 (R=1, G=0, B=0) (R=0, G=0, B=1) (R=1, G=1, B=1) (B=2
9 5 039 cJdg S Jud 5l alisee sla ol g s cudlyp dzim & 5l o 45 39 RAPhANUS SALIVUS  ale pb b dou 5 oalitul 390 oL
S U ES S 5 ois e p Sk I Gl e eS g [APF 8 JB9)lS liee i 03,5 (5Seilul ol Jobo g 8 (SUis
R2, ) Jlass au bgrye ety 55 b Jidg)IS" e 0208 5 iy ol sy (R1, GO, BO) 5 (R2 GO BI) slayloss (s i o
borye ity 35 3595)18 ke (%S 9 (st S0 55 09 £ ¢ eSS s /YYR e L (R, GO, BO) jles o /777 jlaie L (GO, B1
D9 St 35 03 05y pS e Yo IP e L (RL, GO, BO) jlos 9 Sy 5 039 £35 2 oS (slee VIIVO Jlie 1 (R2, G1, BO) o &
RL )5 (R2 GO BL) slojloss (gl coiiias 45 05 &b S SS9 p5 259,50 +1F o o (0068 50 NV 4B (5o o s
OT S g pyS [N 9 p, S IVY yolas L (R2, GO, Bl) ,Los & bgsyo ol Sid 9 5 (59 Y omiceed ol Cuoddy (GO, BO
odalio (g5 e BB g il 136 LS Jobo p lajles Lol Wi <ol p)5 +/+ Y 4+/V00 iy &5 59 (R1, GO, BO) jl 4 bgy o

Dy odd (b dilobu )3 jled oy el (R2, GO, B1) &9 S 5 oS ol ol P e ]

Souae 95« Judo)lS (60 (65y5liS ((BLS BB ()5 mef) 18l (s WBlg

5 ones 5 ol Wilo anb wlie (9 d9ame 4 255 b S (gg
slapille L (jygliS @V game Mg oodldl s (piomen
byo ob b (gouldl Olyuss g Comor ol sl g)2) (ilie
©)ygmod g ol sLady) wlwl p & Cwsl (6)95 5 03
L (Kozai, 2012) 352 oo o] 51 b slogills lojon
I dice sle plie 3l (03U polie (s yoid Cuma il
ol & 290 0351 (606 (solie 4 55 0 g (i (slaS g
oo (0d 039 ] g 4l 5l o0bj jodlie Mg cage ol
e Sg s 65,58 @V g ame JE] o lyiea 53,5 on
Sl ez ge s b Bblie do Jgane Lo gl S dlewgas
o ol bl o oS end Ji5 g Joo 5l (36 (8 S
FogiS )3 5y sl & () eS1ied )T hS VA 5 <A i
.(Ohyama, Takagaki, & Kurasaka, 2008) cuwl s 3,9l

EVRE
AV 4 Ve Jlw » olas Comen &S Canl odd o i
Loy YA 5l 50 (o4 Cnmor g 8L dalgd inli8l ya5 5Ll
a5l Comen (il 8l ol iy dled Loy VY A e
ol aales isliel glalasMe LB &ygoas 1) olie Y games

ol b mlin g 65,5LiS psle oKl syl sl S 4 gol 2305 -

U‘)“I sd)‘.n.'
(Sl (b mlio 5 (60l pole ol (piummwsn Sl 09,5 ¢ luiily =Y
U‘)“I sd)‘.n.'

b gl 5 (5))sliS psle oKL ¢ SUEL (wiige 5 psls 09)S lalisl Y

ol sl syl

(Email: mousavi22@sanru.ac.ir 2 s 0kian 5 — %)
https://doi.org/10.22067/jam.2022.73522.1070


mailto:mousavi22@sanru.ac.ir
https://doi.org/10.22067/jam.2022.73522.1070
https://orcid.org/0000-0002-3068-8833
https://jame.um.ac.ir/

VP bl oF o5lods Y w655l sl pislo a3 yis YVF

1 szl Yo criS Al oSy Cov g Ciuyglh laews
S 48 (g pobas 155, ekl oludgy caelo V8 51 iolejl oyl
Lod 5 =YY+ LE.MZS™ 0390 5t 55 olidgy Lo 55 yos
A EVY 50 bgels 0y9d 40 5 3,5 e 4y - X YO/
cale o 0V b ply cogby uoren A malas o5 ol
il e /B 1ga by Cao o e ERe e PPM 0S5 p S
oekats /0 Uy ply olie ol PH 5 VY Ms S5 2SUl cylun
cbl iliol galS uiy 598 baly b jo oS ol Ll ol b
Ored ey 2)5 YO & 59, YA (b )3 0lS 06 (59 &S y5bas
9oL (S5l 0y Jgb )3 (alindy) sl s S By
Celwclge LS YA s VY L ply cud idy IS dtoan Sl 08 puno
L GBylsio Olipod 5l yiaS o pd Vo 5 0 29> &S 05 158
Kozai, ) —ingh 1 090 YU jLid miw slacwY i edlas!
5 okl L YU 4y 5 03,55 bs) 5| alS a5 S K 55 (2007
Shss sl L e 8 enis la bl o) o5 2WLLED
a8 50 .100,8 eolatwl g dbul dwl S p sl i
o5bisai wir Ly (aSy bugi o8 Y 5, 455 o 2lS
245 695 033l bawgs b g 298 00 0l Vb (S by
CLSL (LS dnsly G 4 25 0 )15 ol by, gb VL
RS 5> Al e ade OV gae (2295 | 45 39
(Shimizu, Saito, Nakashima, Miyasaka, & Ohdoi, 2011)
Ol jaw WJg8 (gl LED L o diape s oSiwd § dawgd
CtS oy ol Ban o] 3 oS sl LalS &S Ky
by )95 CalS 580 29 LS S g @llo 28yl S 5
5alS 45) g sssid (lie (3003 9 oo o) BLED 5l S5
L bl y95 ) 9al8" jiiogid (lje o 2l (Ui ulis A5 (o)
19 5008 595 Bl Jsbo ol iy ol 5 30,8 SLED
295 2 LS 5 (jg omer 8L SIS (oS 5 59 0 9 il
Graamans, Baeza, ) —ixgly ;o .cdl yiolibl o )old g 0,8
5l eslazwl L (Dobbelsteen, Tsafaras, & Stanghellini, 2018
L) (2l asb)ls S 3 Slas 9l Ay 3)90 )3 35290 e
00,8 duulde calizes  SLblyas ddlaie dw (gly ciw Gl S
2LS SB35l 900 Bl Sl osd pMel gl 4 x5 L
= (1528 MIKG™) LaailsdS o el 751 o> (VEYVIMIKG™Y)
gl aile Byme o BLod il rizmen 3,8 bae 2
o=l it aa ol s 595 5 gy 0 Sas 50 ST e p,S
slomy fl il g 2l Sb ) S calo  (Shb Ging
sohaieds o 3 (sadgp Jpamme (slo S 5l (S p il )
4oy oS 5l oS ol 3 g 6 Lo 3 (2liE Blge Mg

A odlauwl

3y Shes 5 CiiS wigd o cuiS Ml g)l50 55 lalS &S LlKin
195 ok oS pl 4 dng bl s (5 yme 3 ddien bl cusS
My ol glite il Jpad (pimen g jg) Jsb 53 ded ot
S 5 b s 2al)l8 (6550 B pamn Llod 5l 55 LS 45 ol
S LS GBS L) i 05 oda BB 355 ysbay o e
Ay ygandey Ay base ] 50 S ol dd iy W e
(Kozai, Niu, & Takagaki, 2019) 545 .0 J a8

g 6B S 4 PFALY) egias yo b alS 45
Grle (> 4 Cans 45 930 S 55,151 (g 5L b olS
sloandd o 59,3 9 A3l oo 9o aliusgas S985 LB Ly g 0392
8 o 59y (83508 Cygods S Sl slacweY b culS susie
355 o 1B okl 3)90 LS (515 A5 jolate &y g Wl S
50395 (55 Glual lyls ' PFAL s Ll (Kozai, 2013)
35 0 )l B oliwl 3)50 (LS (69l a3y
o=l eSOk, > (Takagaki, Hara, & Kozai, 2014)
JrS 3485 g olgmddy Cuygnds olS iy Lae 45 50 295 g Sl
5l ol Ol aS 315 3439 el ol 05,83 3,150 0gMe g
35 51,8 odlal 350 ol 395 s)lel sl g sl aer olS 5y
=l 0 LS bl aS oyl 4 as g5 L (Kozai et al., 2019)
Ol Sl 395 By Loy lgn (pizmed g 0392 Bole )l
Lo (lgion > (et 420,85 ced )5 2089 (b Cllugs
Lol 5,8 8 olgsds g 38> jobbay |y LS &l )5 cus
A0S o0 518 0ad S350 18U Coui b gl 09 g LaalIS
A4S sjaw g paS oy Al JlalS (L et al., 2012)
g clie s (g Cur (g 3ble 4 b &5 SlalS
8 odliziel 3)90 Lt g (29,5 (lalS clom i Mg Caa b
2 O 5 (S aS ol 4 a5 L L (Kozal, 2013) cul 48,8
Gl @090 b LalS &)l ol ol Uil godge (clhsols
eobisel @l b &S S sl canlie JSito ol J>
scus 8 sbul Coge Ml o aLS 1S carols 31,81 4y o3l
9395 iy 5 el () laoo b dglae g latelles (gl i
Kozai et al., ) 5,5 YU casS L 505U Slals ey camw
(2019

leslawl U 9ol udss 4 (Ikeda et al., 1991) d.dsc 4

1- Plant factory with artificial lighting
2- Mini-PFAL



YAV g (ohb p0 obS sl ol (5 1 1 (S 9han 598 ST il 3)l eyl )lSed 5 |puo sy (oumenid

sobrieds g A didle ddb ¥ )0 (o350 Cijgody Ay dladss
Sl 235 el iS 9 4 Al ja abaie oo ialS
JSi 50 s eolanwl Solidworks il 5l cuss” glas o)L
P a8 Ay adaie (gangd slo F JSD )0 g (gdmaw slei o)
Ayl oai ooy i S ol b Drawing s
IS g2 a8 Wil o yio o sy dlaises dlul dod (650 5l]
Sl olisebl g 0y alaase L5l gl wccwl oads ooy L Y
5 B SIS gl 5 > i ol o g 3,518
W5 0,33 g (6503l el FA Codo 4y 4l 0 olS

L g 9 3lge
sl s sheslawl Ly LS a sl )5 calwy b
sl Fritzing l58le 5 b, abaeso 1)l oy Solidworks
B Fymae 95 Sl QL)) (Sgpsdl e (Slib
Joibe 8 gluilely gl grian)] ) (puisS ol sla et

LaLED 4 , 0,8 d2C ,5l,s Jgilo cly Joslo dod 5 b,
A eolewl

Ay dddae calu g Al b

390

390

1000

OOy Oy M

510

Ay dlaese Smgd C)L’ -y JS.«)
Fig.2. Two-dimensional design of the growth chamber



VP bl oF o5lods Y ol (655l sloislo a5 pis YA

SSYG slad
9 D9l sl el ol (pimen g Waodls 0,85 pslateey
o) 1 oliil L 15 oslizl gi0)] SIS Al S 51 ol
VL3 35 0,55 SD alibls S, (9 |y b blb )i oo A

‘Lﬁ)—’ U‘L"" &'a.@ )] R as 39y )Ud._’ u_.{l.mobl.) o).‘oa dl).:
D9y O )‘] O] oleMb)

AL WA ls ¢l s Galu g b

9 =89y olej 9 Cugb) dod wile b el I (0 J S (6l
L (sghas 9 Mg Caa ol 3)90 slacwY (AD Shgels
A S Fritzing l5sle 5 51 eolasl b ol aibl o J s G
sl ygainw g Slalad Sl a4l 3 g (17 JS5) 2 (b 5lai 5590
il 5 UNO 5931 335 clos 5 sy (¢ ,i50jll (gl DHT-11
12C Jomls Joslo 5 SVl Ak ), Jojle ATMEGA328P
Lol 58 g S (255 (sl e 5 ootz
¥ S s oolanl gl )l5dle 5 uagiasly o 5l ol 3590
ol 03l i 1y iy pl 5o oad ool s

S slajlas

o S5 les ¥ jlelsS p cilisee (sboygs 36 (oy 0 Sl
Be e =00+ e o yioglls FV+—FF+) 50,8 () duw 2w 4D yuoid
Jsbo () Jsiz) asael sz 50, (209 ¥0e0- ) (al g (o9l
oy Gidgr 0395 g yia o Ve odlitwl 3,90 (LED (cdon
(B JS5) 298 yio il Y dgus

935 Bl 420 YD (55, pSojll sled Lilejl wl o

Sl Cogby g lod M Slas ad pulaid doyd £+ (g9 Cugb,

2oy Yl 9 30,5 (Lo 423 93 i g O ol (b 5> bayguin
el Caoday

DHT-11 cu gl y g Lea (54380 300l J935Le

oI (sl 5 55 Ve 3 s im0 S 51 108 55,
S=503l0l By 5 aoyd 1Y Lod (6u50jlul Cds Ll So 58
ey b (Y ol (298 9 52919 5Ly Csl 20> HD g
SO o Cogby 935 e an 3 Fe JI-Ye o glos il o
LS (65503180 Wlgs e 1y Ao yn 4D

adyJdasle

b ady jlasS e JpS ) (el g (2l oloy Joile
Sy 48 ool (G555 @0 Jslo ol b o3liza alBlS catn
Db o Juog Ay S8 (639)9 4 Losits g3yl 3y Sl

12C 443050 J935Le

LY o p8hLs LCD ol Joile o5l (b ol 5
s LCD (gjlassloly yalyd cp) S8 &b oalazwl 12C b3
odlauwl (g8 5590, Jlizud sl Sl I g 20 o bl
D9 s

Fritzing )lj8le 5 )3 o )b lae =Y JSS
Fig.3. Circuit designed in Fritzing software



YV g ohb o olS Glapslis (5 1 1 sSgiman 98 ST o)l )50 g Lyas)lidg) (sumead

coon
00 [y
oo

odlil 390 S —€ S
Fig.4. The controller used

SHOY 3
()t

o

(e
e

LS9y Mg ¢lp LLED -0 JSw
Fig.5. LEDs to produce artificial light

oty j] 0aiS s i 5l byl wuais (gl 9 59 cob Liolo]
Jomusian 93 5l gl g Lod (635 05ll (gly peiomen .0 oolitl
coas LaLED (YU 5 g pow 9 Jgl (sloddunad j5 a5 0 solatuwl
095> 4y olS iy olS 4B (gl e 3)90 (slod el g S g8
2 b oMbl Sy plgisds Sl g CagSsS Sl e
asin 93 il w9 8,5 )13 HlalS sl ) 5l 56 Of Lo ol
4 jolatedy J 0ad 38y (alE Jobe (i S A3 4

o oL b a9 Glialo 3T (5152
i LaLED oS8 alS &l5 o g (ol 5l o
Cromud )0 LLED (gdod 0ids plol (slo yimgly 4y dangi by .00
foadionne 95 (iS5 ()5 yee )3 oS 5 €8y ))5 b o YL
i (9el g (aludg) (loj Gde gy e3litl 3)90 slaceY
oSed IV e Ve 1 a0 Gd g A mulal celw A g VF
D (£ yS 0] yo S g olKisd Lawgd e sl &S A ity
Looa bl 5l oleS (nmj cloSp 45 (e Sl Oione
e £ S5 s sl oS Gl )3 ( egmsipos)] Jssd)
Lol Jsbo 53 sy 5 Loy ccal o3y o)L 1y WLED (51,8



VP bl o oylods Y w659’ glocpmiilo a5 pis YV o

5 5 Oyjg Ale calises (ol ol a6 550580l o) Al o Colyy ag pladl azan gy cobdS l un oAb edlatwl lalS
b Jido,lS @ Juds IS) (gimimaid (sloo S, Cpiored g A8 (Siis YF e a0, S b and Fe clod b oyl ,0 9 i lnaso 5
035 S (18958 5 3 (g ] Job) oS i imen 285 )15 sl

inlesl cpl 3 ady LS4 LED slacwY cuni =) Jgia
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Introduction

The permissible exposure time to vibration for the operator is one of the key factors in maintaining the
operator's health while optimizing machinery and equipment. The tractor studied was the ITM475, manufactured
in Iran. The purpose of this study was to calculate the operator's permissible vibration exposure time while using
the tractor to ensure the driver can maintain good bodily health.

Materials and Methods

In this study, experiments were conducted using a 3-axis vibration meter based on the 1SO 2631 standard.
The obtained data were analyzed through a factorial experiment using 18 treatments and 3 replications. The
factors studied were engine rotation speed (at three levels of 1000, 1500, and 2000 rpm), road type (dirt and
asphalt), and gear position (at three levels of 1, 2, and 3).

Results and Discussion

Various total vibration models were obtained for the tractor, and their determination coefficient varied from
90.11% for gear No. 3 on an asphalt road to 100% for gear No. 1 on an asphalt road and gear No. 2 on a dirt
road. The maximum whole-body vibration, and consequently the minimum permissible exposure time, was
observed for gear No. 3 at an engine rotation speed of 2000 rpm on a dirt road, which was 1.49 and 1.16 hours,
respectively.

Conclusion

The maximum whole-body vibration experienced during an 8-hour tractor-driving session was measured at
0.85 m s, It is important to note that the permissible exposure time decreases as vibration levels increase, and it
reaches a limit of 1.16 hours. To ensure drivers adhere to these permissible exposure times across various driving
conditions, measures must be implemented to reduce tractor vibration and minimize its transmission to the
driver. By reducing overall tractor vibration and minimizing its impact on the driver, it becomes possible to
increase the permissible exposure time for drivers.

Keywords: Engine rotational speed, Gear ratio, Modeling, Road, Vibration
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Fig.2. The tractor seat and connection of vibration measuring equipment (right) and measurement of tractor seat
vibration while the tractor is running on an asphalt road (left)
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Fig.3. Permissible vibration exposure range (ISO 2631-1, 1997). The area under the B2 boundary is the action limit, the
area under the B1 boundary is the exposure range, and the area between the two boundaries is the caution range
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Table 1- Whole-body vibration related to the seat of the ITM475 tractor
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Dirt 3 1.49
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Fig.4. The regression models of whole-body vibration on an asphalt road (top) and dirt road (bottom)
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Table 2- Permissible exposure time of tractor operator
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Engine speed (rpm) Road type  Gear ratio  Permissible exposure time (h)
] 1 894.46
e 2 298.73
Asphalt 3 98.35
1000
Sk 1 60.48
. 2 22.16
Dirt 3 334
o 1 261.61
e 2 133.13
Asphalt 3 3754
1500
S 1 18.08
. 2 6.94
Dirt 3 1.79
o 1 97.27
e 2 63.23
Asphalt 3 412
2000
Sk 1 8.44
. 2 2.92
Dirt 3 116
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Table 3- The maximum engine rotational speed of the tractor in different conditions for 8 h working per day
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Road type Gear ratio Engine speed (rpm)
e 1 4055
— 2 3491
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Introduction

The harvesting stage is the most crucial phase in peanut production. In other words, one of the critical stages
in producing this product is the harvest stage. Although it has its difficulties, this stage is associated with
significant losses, which experts attribute to the high economic value of peanuts. In recent years, farmers in the
Moghan Plain have also started considering this product due to the special conditions of the Iranian economy. In
2020, this study investigated three methods of peanut harvesting in two stages: manual, tractor-mounted thresher
(semi-mechanized), and harvesting with a pull-type combine. The first stage involves the complete removal of
the plants from the soil, while the second stage involves drying and separating the peanut pod from the plant in
Moghan.

Methods and Materials

The experiment followed a split-plot design in the form of randomized complete blocks with four
replications. The main plot consisted of soil moisture levels at harvest time, which were tested at three different
levels: al- 21%, a2- 18%, and a3- 15%. The sub-plot involved testing the separation of peanut pods from the
plant using three different methods: b1- combine harvesting, b2- harvesting with a tractor-mounted thresher, and
b3- manual harvesting. The study evaluated important harvest indicators such as quantitative loss (first and
second-stage losses), actual field capacity, harvest time, and the number of required laborers. The results led to
the identification of the best harvesting system.

Results and Discussion

The study revealed that the optimal soil moisture content for the initial stage of harvest was 18%. For most
parameters, there was a significant difference observed among treatments at the 1% level. The pull-type combine
method had the highest farm capacity with a maximum of 0.46 ha per hour, while the manual harvesting method
had the lowest capacity with a minimum of 0.006 ha per hour. The total losses ranged between 5.95% and
10.58%, with the manual harvesting method exhibiting the lowest loss and the pull-type combine method
showing the highest loss. Furthermore, the manual harvesting method required more labor compared to the other
methods.

Conclusion

Based on the obtained results, it is recommended to use a pull-type combine for the early harvesting of
peanuts and a manual method for obtaining high-quality peanuts in the Moghan region.

Keywords: Combine, Harvesting method, Peanut losses, Yield
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Table 1- Characteristics of machines used in three different methods of peanut harvesting
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Pull type combine Turkey Mounted
Tractor-mounted thresher Iran Mounted
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Fig.1. Digging underground peanut roots with fully mechanized removing and aligning peanuts
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Fig.3. Semi-mechanized harvesting of peanuts by tractor-mounted thresher
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Table 2- Variance analysis of the studied parameters and losses of harvesting methods in different moisture content
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(S.0.Vv) sl sl S 92 s rrs Number of
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harvest losses  harvest losses  losses capacity (Per hr ha'l)
(%) (%) (%) (ha hr)
(R) S5 3 0.76 0.69 2.32 0.43 45.03
S cosh, syee 2 0.26% 032" 118" 0.45 " 49.77"
Soil moisture content
E(a) bt 6 0.024 .039 0.19 0.006 365.03
bbr by, 2 0.64% 53.08%*  6521**  0.63** 202647.11%*
Harvest method
Cudlyyy gy X Cagh) gy
Soil moisture contentx 4 0.014 ™ 0.024 ™ 0.016 ™ 0.0001 ™ 180.44 ™
Harvest method
E(b) s 6 0.25 0.144 0.53 0.0004 146.37
Total S ge> 35 - - - - -
(C.VY) &y gy 6.83 6.25 4.86 1.20 3.24
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* **: Significant at 5% and 1% probability levels, respectively and ™ no Significant
SB Giliseo Cugb) sgie lise )3 (w390 by el :ke auglis Y Joua
Table 3- Mean comparison of the studied parameters in different soil moisture content
. . > dla o LG Atk sy _
Cagb; sy Jgl s o S #9 ) 'T las 3o Cudsbs 35U 5,90 55,18 laxs
S Cild "’“’;3"" TJSI P Number of workers
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Dunkans Test.
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Table 4- Mean comparison of the studied parameters in different harvesting methods
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Dunkans Test.
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