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ABSTRACT 
Fog and Edge are both distributed computing paradigms that meet the 

low-latency demands of upcoming Internet of Things (IoT) applications. The 
IoT applications have widely adopted this computing paradigm as the 
prevailing one. Its purpose is to connect IoT devices to the cloud. Thus, Fog 
computing has been proposed as an essential component to complement 
cloud computing for virtualised applications by utilizing containers to 
compartmentalise real-time control applications. Containers have become a 
feasible substitute for Virtual Machines (VMs) in operating system 
virtualisation. 

The GreenPi, a new smart irrigation system is designed and developed 
in this work, which will facilitate sustainable agriculture through efficient 
water and energy utilization. GreenPi utilizes real-time, distributed Fog and 
Edge computing alongside LoRa technology to schedule irrigation 
depending on sensor data and weather conditions. GreenPi comprises a four-
tier model consisting of the following layers: 1) Sensors and actuators for 
data acquisition from the field and command transmission to actuator nodes 
such as valves or water pumps; 2) the Edge layer receives sensor data and 
transmits commands to actuators utilizing ESP32 with LoRa; 3) a Fog layer 
that employs Docker containers for executing applications to oversee data 
processing, irrigation decisions, and communication with cloud and Edge 
devices; and 4) a cloud layer that supplies weather data and enables advanced 
data analysis. 

One of the main challenges in designing this system was achieving 
real-time distributed containerization on resource-constrained and 
heterogeneous Edge and Fog computing nodes. The primary goal of the 
system is to ensure low latency and energy efficiency while maintaining 
scalability and compatibility across diverse hardware and software 
environments. 

GreenPi is monitored in real-time by incessantly transmitting 
temperature, humidity, and soil moisture data to the Fog. The proposed 
system, with improved methodology and diminished latency, yields good 
results for smart farming and automated irrigation. A compact agricultural 
model is developed to demonstrate the efficacy of the GreenPi system, 
yielding substantial water conservation, improved moisture retention 
stability, and effective energy savings that guarantee the system's sustainable 
operation relative to conventional irrigation techniques. 
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In addition to the importance of conserving water and using it 

efficiently, optimal energy conservation is equally important. Therefore, the 
GreenPi system is designed to save as much energy as possible. Energy 
consumption in Edge devices has been significantly reduced by using LoRa 
technology, which is a low-power transmitter and receiver, and by using 
algorithms that reduce power consumption by activating deep sleep mode. 
Also, the use of small solar panels contributes to sustainable agriculture. 

The results of the GreenPi system demonstrate significant water 
savings, improved moisture level stability, and efficient energy use, ensuring 
sustainable operation compared to traditional irrigation methods. The results 
also show that utilizing the smart irrigation system markedly reduces water 
consumption. Furthermore, results indicate that optimizing the Edge device 
with deep sleep modes substantially extends battery life and minimizes 
power usage. Finally, the results highlight the effectiveness of LoRa 
technology in covering large agricultural areas more efficiently than 
conventional communication methods. 
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 اΨϠϤϟص 

  ΔϴΑΎΒπϟا  ΔΒγϮΤϟا  ΪόُΗFog    Δϴϓήτϟا  ΔΒγϮΤϟواEdge    ϲΒϠΗ  ϲΘϟا  ،ΔϋزϮϤϟا اΎϤϨϟذج   Ϧϣ

. وΎϘϴΒτΗ ΖّϨΒΗ Ϊϗت ΎΒϠτΘϣIoTت زϦϣ ا��ΔΑΎΠΘγ اΎϘϴΒτΘϠϟ ξϔΨϨϤϟت اϲϓ ΔϴϠΒϘΘδϤϟ إΖϧήΘϧ ا��شΎϴء  

 ςΑر ϰϟف إΪϬϳ إذ ،ΪئΎδϟذج اϮϤϨϟا  ϪϔصϮΑ عγق واΎτϧ ϰϠϋ ϲΒγϮΤϟذج اϮϤϨϟا اάϫ ءΎϴا��ش ΖϧήΘϧإ

  ΔΒγϮΤϠϟ ϞϤّϜϣ ϲγΎγأ ήμϨόϛ ΔϴΑΎΒπϟا ΔΒγϮΤϟاح اήΘϗا ϢΗ ΎϨϫ Ϧϣو .ΔΑΎΤδϟΎΑ ءΎϴا��ش ΖϧήΘϧة إΰϬΟأ

 ΎΤϟΎΑ  ΔϧΎόΘγا�� خ��ل   Ϧϣ  ،ΔϴοاήΘϓا�� اΎϘϴΒτΘϟت   ϲϓ  ΔϴΑΎΤδϟت  اΎϳوContainers   تΎϘϴΒτΗ ΰόϟل 

  ΔϴοاήΘϓا�� 󏿿𿿿ϟ Ύ˱ϴϠϤϋ 󿿿˱ϳΪΑت  اΎΤϟوΎϳت   ΖΤΒأص Ϊϗو اϮϔϟري.   ϢϜΤΘϟاVMs  لΎΠϣ  ϲϓ    ΔϴοاήΘϓا

 .ϞϴغθΘϟا ΔϤψϧأ 

ϢγΎΑ فήόُϳ ΪϳΪΟ ϲϛم ري ذΎψϧ ήϳϮτΗو ϢϴϤμΗ ϞϤόϟا اάϫ ϲϓ ϢΗ  GreenPi،   فΪϬϳ يάϟوا

 ΪϴϔΘδϳ .ΔϗΎτϟه واΎϴϤϠϟ لΎόϔϟام اΪΨΘγخ��ل ا�� Ϧϣ ΔϣاΪΘδϤϟا Δϋراΰϟا ϦϴϜϤΗ ϰϟإ  GreenPi    ΔΒγϮΤϟا Ϧϣ

ΔϴϨϘΗ عϣ بϨΟ ϰϟإ Ύ˱ΒϨΟ ϲϠόϔϟا ΖϗϮϟا ϲϓ ΔϋزϮϤϟا Δϴϓήτϟوا ΔϴΑΎΒπϟا  LoRa    ϰϠϋ ˱ءΎϨΑ يήϟا ΔϟوΪΠϟ

(  ϮϤϧ Ϧϣ  :1ذج رϲϋΎΑ اΎϘΒτϟت، وΎϧΎϴΑ  GreenPi  ϲϫت اΎγΎδΤϟت واήψϟوف اϮϜΘϳ .ΔϳϮΠϟن Ύψϧم

اΎγΎδΤϟت واΎϛήΤϤϟت ��خά اΎϧΎϴΒϟت Ϧϣ اϞϘΤϟ وإرΎγل ا��واήϣ إϰϟ وΪΣات اθΘϟغϞΜϣ Ϟϴ اΎϣΎϤμϟت 

اΎϧΎϴΑ ϞΒϘΘδΗ ϲΘϟت اΎγΎδΤϟت وϞγήΗ ا��واήϣ   (Edge) اΔϴϓήτϟ  اΔΒγϮΤϟ  طΔϘΒ(  2،  أو ΎΨπϣت اΎϴϤϟه

ΪΨΘγΎΑام اΎϛήΤϤϟت   ϰϟإ  ESP32  عϣ  LoRa  ،3  )ΔϴΑΎΒπϟا  ΔΒγϮΤϟا  ΔϘΒط (Fog)   مΪΨΘδΗ  ϲΘϟا

άϴϔϨΘϟ اΎϘϴΒτΘϟت وا��شήاف ΔΠϟΎόϣ ϰϠϋ اΎϧΎϴΒϟت واΎΨΗذ ήϗارات اήϟي واϮΘϟاصΎΣ Docker   ϞوΎϳت 

Δϴϓήτϟوا ΔϴΑΎΤδϟة اΰϬΟع ا��ϣ  ،4  ) ΔϴΑΎΤδϟا ΔϘΒτϟا (Cloud)   Ϧϣ ϦϜϤΗس وϘτϟت اΎϧΎϴΑ ήϓϮΗ ϲΘϟا

ΔϣΪϘΘϣ تΎϧΎϴΑ ت󿿿ϴϠΤΗ اءήΟإ. 

  ϲϘϴϘΤϟا Ϧϣΰϟا ϲϓ ΔϋزϮϤϟت اΎϳوΎΤϟΎΑ ϞϴغθΘϟا ϖϴϘΤΗ مΎψϨϟا اάϫ ϢϴϤμΗ ϲϓ تΎϳΪΤΘϟز اήΑأ Ϧϣ

ΔϴϨΒϟة اήϳΎغΘϣارد وϮϤϟودة اΪΤϣ ΔϴΑΎΒοو Δϴϓήط ΪϘϋ ϰϠϋ  .  نΎϤο ϲϓ مΎψϨϠϟ ϲδϴئήϟف اΪϬϟا ϞΜϤΘϳو

ήϴخ΄Θϟا  Ϧϣز  ϞϴϠϘΗ    ةΰϬΟا�� ΎΌϴΑت   ήΒϋ  ϖϓاϮΘϟوا اγϮΘϟع   ΔϴϠΑΎϗ  ϰϠϋ اΎϔΤϟظ  ϣع   ΔϗΎτϟا وΎϔϛءة 

ΔϔϠΘΨϤϟت اΎϴΠϣήΒϟوا . 

ΔΒϗاήϣ ϢΘϳ GreenPi  ارةήΤϟا ΔΟت درΎϧΎϴΒϟ ήϤΘδϤϟل اΎγخ��ل ا��ر Ϧϣ ϲϘϴϘΤϟا Ϧϣΰϟا ϲϓ

  ΔϴΠϬϨϤϟا ϞπϔΑ ،حήΘϘϤϟم اΎψϨϟا ήϬأظ Ϊϗو .ΔϴΑΎΒπϟا ΔΒγϮΤϟات اΪΣو ϰϟإ ΔΑήΘϟا ΔΑϮورط ΔΑϮطήϟوا

  ήϳϮτΗ ϢΗو .ΖϤΗؤϤϟي اήϟوا Δϴϛάϟا Δϋراΰϟل اΎΠϣ ϲϓ ةΪϴΟ ΞئΎΘϧ ،ΔΑΎΠΘγا�� Ϧϣض زΎϔΨϧوا ΔϨδΤϤϟا

μϣ ϲϋذج زراϮϤϧمΎψϧ ΔϴϟΎόϓ تΎΒΛ򟿿 ήّغ GreenPi   ϲϓ ˱ΎϨδΤΗه، وΎϴϤϟا ϲϓ اή˱ϴΒϛ اή˱ϴϓϮΗ ϖϘΣ ثϴΣ



 

ϴϟΎγ΄Αب    ΔϧرΎϘϣ مΎψϨϠϟ امΪΘδϤϟا ϞϴغθΘϟا ϦϤπΗ ΔϗΎτϟك ا󿿿ϬΘγا ϲϓ ءةΎϔϛو  ،ΔΑήΘϟا ΔΑϮار رطήϘΘγا

ϳΪϴϠϘΘϟي اήϟا .Δ 

 ΔϗΎτϟا ϰϠϋ ϰϠΜϤϟا ΔψϓΎΤϤϟز اήΒΗ ،ءةΎϔϜΑ ΎϬϟغ��Θγه واΎϴϤϟام اΪΨΘγا ΪϴشήΗ ΔϴϤϫب أϧΎΟ ϰϟإ

ϞϴϠϘΘϟ ا󿿿ϬΘγك اΔϗΎτϟ إϰϟ أدϴΣ ،ϦϜϤϣ ΪΣ ϰϧث   ϮΑGreenPiصήο ΎϬϔورة Ϯϣازάϟ .Δϳا صΎψϧ ϢϤُّم  

ذات    ϢΗLoRa خξϔ ا󿿿ϬΘγك اϲϓ ΔϗΎτϟ ا��ΰϬΟة اϮΤϠϣ ϞϜθΑ Δϴϓήτϟظ ήΒϋ اΪΨΘγام ΔϴϨϘΗ ا��ΎμΗل  

ϞϴόϔΗ وοع   Ϧϣ خ��ل   ΔϗΎτϟا ϞϠϘΗ ا󿿿ϬΘγك  وήΒϋ Ϛϟάϛ خϮارزΎϴϣت   ،ΔϗΎτϠϟ ξϔΨϨϤϟك ا󿿿ϬΘγا��

  ϖϴϤόϟا اΪΘγاDeep Sleep ΔϣاϮϜδϟن   ΰϳΰόΗ  ϲϓ اμϟغήϴة   ΔϴδϤθϟا ا��Ϯϟاح  اΪΨΘγام   ϢϫΎγ  ΎϤϛ  .

.Δϋراΰϟا 

Ύψϧم    ΞئΎΘϧ  ήϬψُΗGreenPi    ،ΔΑϮطήϟا ϮΘδϤϟى   Ύ˱ϨδّΤϣ ار˱اήϘΘγوا اΎϴϤϟه،   ϲϓ ή˱ϴΒϛا  ή˱ϴϓϮΗا 

ϲϓ اΪΨΘγام اθΗ ϦϤπϳ ΎϤϣ ،ΔϗΎτϟغΪΘδϣ 󿿿˱ϴا˱ΎϘϣ ΎϣرϴϟΎγ΄Α Δϧب اήϟي اήϴθُΗ ΎϤϛ .ΔϳΪϴϠϘΘϟ اΎΘϨϟئΞ  وΎϔϛءة  

اΎϴϤϟه، وأن ϦϴδΤΗ أداء ا��ΰϬΟة   ϮΤϠϣ ϞϜθΑ ϞϠϘϳظ Ϧϣ ا󿿿ϬΘγك   ϲϛάϟي اήϟم اΎψϧ امΪΨΘγأن ا ϰϟإ

 ΔϗΎτϟك ا󿿿ϬΘγا ϞϠϘϳو ΔϳرΎτΒϟا ήϤϋ Ϟϴτϳ ϖϴϤόϟم اϮϨϟع اοام وΪΨΘγΎΑ Δϴϓήτϟا، اή˱ϴوأخ .ήϴΒϛ ϞϜθΑ

  ΔϴϨϘΗ ΔϴϟΎόϓ ΞئΎΘϨϟز اήΒُΗLoRa    لΎμΗق ا��ήτΑ ΔϧرΎϘϣ ήΒϛءة أΎϔϜΑ Δόγوا Δϴϋت زراΎΣΎδϣ ΔϴτغΗ ϲϓ

ΔϳΪϴϠϘΘϟا .  


