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Pembangunan Rangkaian Pengesan Pengaksi Tanpa Wayar Pintar  
Baharu Untuk Aplikasi Agrikulture 

 
ABSTRAK 

Pelaksanaan Rangkaian Pengesan Pengaksi Tanpa Wayar, Wireless Sensor Actor Network 
(WSAN), yang baikmemerlukan skim pemprosesan pintar, penggunaan tenaga yang efektif 
dan hubungan komunikasi yang boleh dipercayai.Di dalam kajian ini satu pembaharuan 
tentang Rangkaian Pengesan Pengaksi Tanpa Wayar Pintar, Intelligent Wireless Sensor 
Actor Network (IWSAN), berasaskan Fuzzy Interference System untuk kawalan iklim di 
rumah hijau dibentangkan.Dua faktor penting yang memberi kesan terhadap iklim rumah 
hijau ialah suhu dan kelembapan pada waktu siang dan malam.Penggunaan Fuzzy 
Interference System serta peralatan yang dibeli dari pasaran dan buatan sendiri digunakan 
untuk mereka bentuk, simulasi dan melaksanakan IWSAN untuk pengawalan iklim di 
rumah hijau. Selingan pendaftaran baru yang dinamik, New Dynamic Check-In Interval 
technique (DCI), direka bentuk dan dibangunkan untuk memanjangkan jangka hayat 
rangkaian nod pengesan.Penggabungan kecerdasan buatan bersama WSN pelakon 
menunjukkan ciri-ciri yang unggul berbanding dengan sistem kawalan berwayar 
tradisional dan pemantauan dan pelaksanaan rangkaian tanpa wayar yang mudah.IWSAN 
membuktikan bahawa ia mempunyai kecekapan pengawalan tugas yang agak tinggi iaitu 
dalam lingkungan ±0.5 dan ±1 dalam penetapantitik, skala, mobiliti dan kos efektif  untuk 
platform buatan tangan dan keupayaan berubah mengikut bidang geografi. Di samping 
itu, ia juga mempunyai keupayaan memperhalusi keseluruhan sistem untuk tugas-tugas 
pertanian yang lain. Ia dilaksanakan sebagai perisian tertanam dalam nod pengesantetapi 
dijalankan sebagai penyelesaian untuk peralatan yang dicadangkan.Pelaksanaan teknik 
perisian DCI menawarkan 10 hari maksimum dan 367 hari untuk peralatan yang 
dicadangkan dengan nilai ambang sebanyak 0.5.ISWAN adalah bukan Permulaan bagi 
topologi rangkaian isyarat dan ia menyediakan jangka hayat selama 1.24 tahun berasaskan 
tempoh tidur selama 1 minit untuk setiap nod pengesandan ia dijanakan oleh bateri 
berkuasa 210mAh. Di dalam rumah hijau,  ketidakbolehpercayaan kualiti rangkaian of 
IWSAN boleh menimbulkan kehilangan paket yang tidak menentu yang boleh dianggap 
sebagai faktor yang patut diberi perhatian dalam mengawal prestasi sistem kawalan. 
Kebolehpercayaan sistem ISWSAN dalam rumah hijau adalah tinggi dengan kadar kejayaan 
minimum penghantaran paket sebanyak 85% dan mencapai prestasi yang stabil dalam 1 
minggu operasi. Kestabilan prestasi sistem dapat dikurangkan apabila satu atau lebih nod 
sensor gagal. Isyarat yang kehilanganarah disebabkan oleh tumbuh-tumbuhan di dalam 
rumah hijau dijadikan model untuk menentukan ketinggian antena, jarak pemisah dan 
kedalaman rimbunan dedaun, simulasi dengan skim pengagihan grid bersegi dan 
diprogramkan untuk membantu simulator WSN yang diketahui umum. Jarak pembahagian 
maksimum untuk komunikasi yang berkesan dalam bidang tumbuh-tumbuhan ditentukan 
berdasarkan rangkaian MED model tumbuhan yang mana menunjukkan sambungan 
sempurna 100% adalah daripada kurang 50m dari kedalaman dedaunan tetapi model ITU 
menunjukkan sambungan tersebut kurang daripada 88%. 
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Development of a Novel Intelligent Wireless Sensor Actor Network 
For Agricultural Applications 

 
ABSTRACT 

Deployment of a successful wireless sensor actor network requires intelligent 
processing schemes, effective power consumption and reliable communication links. A 
novel intelligent wireless sensor-actor network (IWSAN) based on Fuzzy Inference 
System for agricultural greenhouse climate control is presented in this research. The 
two most important mutual effects agricultural greenhouse climate parameters are 
considered which are the temperature and humidity during diurnal and nocturnal time. 
Design, simulation and implementation of IWSAN for agricultural greenhouse climate 
control based on Fuzzy Inference System is outlined both for off the shelf and 
handmade platforms. The integration of artificial intelligence with WSAN proves 
superior features in comparison with traditional wired control systems and simple 
wireless monitoring and acting network. IWSAN proves high efficiency of controlling 
task of ±0.5 and ±1 tolerance of setting points, scalability, mobility and cost effective of 
handmade platform, beside flexibility of using the system in various geographical areas 
besides the capability of tuning the whole system for other agricultural tasks. New 
Dynamic Check-In Interval technique (DCI) is modelled and developed to prolong the 
lifetime of network sensor nodes. It is implemented as software embedded in sensor 
nodes while a proposed hardware solution is conducted. The DCI technique of software 
implementation offers maximum of 10days while 367days for proposed hardware 
solution with a threshold value of 0.5.  IWSAN of non beacon start network topology 
provides a 1.24 year lifetime for sensor nodes based 1 minute sleep period and powered 
by 210mAh battery. In agricultural greenhouse, unreliable link quality of IWSAN may 
raise unpredictable packet loss that is considered as a factor of more noteworthy effect 
on the performance of the control system. The system reliability of IWSAN in the 
greenhouse is high with minimum success rate of packet transmission of 85% and 
achieves settled performance during one week of operation. The unpredictability in the 
system performance is minimized when one or more sensor nodes are failed.  
Vegetation path loss in the greenhouse is modelled as a function of antenna heights, 
separation distance and various foliage depths, simulated with square grid distribution 
scheme and programmed to assist nowadays well known WSN simulators. The 
maximum partitioning distance for reliable communication in vegetation field is 
determined where network connectivity based on MED vegetation model shows perfect 
connectivity of 100% of foliage depth less than 50m while ITU model exposes less 
connectivity of about 88%.  
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CHAPTER ONE 

TOWARD INTELLIGENT WIRELESS SENSOR ACTOR NETWORKS 

 

1.1 Introduction 

 

 Nowadays, the agricultural applications are adopting latest new technologies 

based on large production and multiplicity requirements, also for quality enhancement 

and market neediness. Hence, advanced technology engineers are acting a crucial role in 

the improvement of agricultural management fields such as fusion of automatic control, 

wireless communication and robotic systems that are integrated almost within diverse 

levels of agricultural productions like cultivation, environment refinement and control, 

crop harvest, processing, and transportation. The environmental effects and crop quality 

are encouraging the substantial demands of automatic control paradigms incorporation 

within the agricultural application fields. Where the objective of these technologies is to 

continuous monitoring and control of crop environment and growth that targeting the 

enhancement of productivity and maintain grower requirements.  

 In precision agriculture, wireless Sensor Actor Networks (WSANs) used to 

support in field data collection, precise irrigation process, autonomous fertilizer and 

remote data gathering and analysis (Wang et al. 2006). In greenhouses growers are able 

to cultivate plants where the environment would otherwise be unfeasible for budding 

the plants. Therefore, there is an urgent need for new technologies that assist within 

environment control yielding of optimizing the growth of plants, enhancing the quality 

and finally increasing the productivity (Bennis et al., 2008; Wang et al. 2006).  
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