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The advances in pervasive communication, sensing and computing of wireless sensor networks technologies 

are leading to the emergence of wireless sensor-actor networks. The spreading merit of WSAN has led to in-
creasing interest in rendering them with expert knowledge to be smart and autonomous networks, which have 
the potential to enable a large class of applications in multiple fields. Fusion of artificial intelligent with wire-
less sensor actor networks (WSAN) is emerging as a new generation of smart autonomous WSAN. Primarily 
two most important greenhouse climate parameters are considered which are the temperature and humidity 
during diurnal and nocturnal time. Actuator and sensor nodes has been managed by cognitive wireless sen-
sor-actor network based greenhouse (CWSAN-GH) Coordinator node (MGHSN) which mimics the brain of the 
laborer to provide reliable, power conserving, autonomous control system of a greenhouse climate. Fuzzy logic 
controller enables engineers to control more complex systems more effectively than the conventional control 
methods which are not efficient in terms of energy, labor interference, productivity and flexibility. This paper 
presents the fusion of artificial intelligence represented by FIS with WSAN for greenhouse climate control. 
Also the long life operation of network nodes based on the low power consumption is presented. Smart algo-
rithm of the network sensor nodes, which contributes of reducing the power consumption, is addressed in detail. 
Initial field test for the CWSAN-GH is presented too. The combination of AI with actor WSN proves high 
efficiently, cost effective method, beside flexibility of tuning the whole system for other agricultural tasks.  

 
Keywords: Wireless sensor actor network, Greenhouse climate control, Artificial intelligence, Fuzzy logic 

control, wireless sensor network Lifetime  
 
 

1. INTRODUCTION 
 

Wireless sensor actor networks (WSANs) are eliciting a new trend of cooperative 
sensing and control networks. WSAN combines sensors and actuator nodes are consi-
dered as one of the most significant technology in the information era [1, 2]. It refers to a 
collection of sensors and actuators linked by communication protocol to perform distri-
buted sensing-acting tasks to change the physical world. WSAN has great advantages in 
terms of cost, flexibility, autonomy and robustness as it compared to wire sensor network. 
Its application extended to cover both civilian and military aspects like environment con-
trol, home automation, disaster early prediction, and battlefield monitoring [3]. Green-
houses are used to enhance the environment condition for crops [4]; hence, the climate 
control of a greenhouse (GH) requires deploying of a large amount of wire that connects 
sensors and actuators. System complexity and cost value will be higher beside the diffi-
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culty of adding sensors/actuators nodes of various positions within greenhouse [4]. Using 
automatic control will highly assist of reducing energy conservation, scalability, enhance 
productivity process and reduce human intervention [5-8]. 

GH environment parameters monitoring and control is crucial to enhance crops 
health, prevent diseases and thus to improve the productivity of the crop. Those systems 
concentrate on providing the means for harvest information, management of the envi-
ronment and crop growth information [9].  Many research and applications have been 
done concerning the agriculture and GH applications. However, deployment of WSAN in 
agriculture field is still at the beginning stage although research for improving agricultur-
al productivity by introducing sensor network technologies to the field of agriculture is in 
progress. In the last 10 years the advances in the technology of wireless sensor networks 
has facilitate precision agriculture to emerge.  

GH control systems, in most cases, are based on remote or local central computer 
connected to distributed sensors and actuators using serial communication protocol, USB, 
wireless communication [10-12]. The collected data are forward to the main computer 
for recording, monitoring and providing the control action. Kang’s team conduct studies 
on crop monitoring systems. Their research focuses on the effects of dehumidification on 
air temperature and relative humidity in Phalaenopsis greenhouses [13]. Ahonen moni-
tored the environment of a greenhouse using a WSN and assessed the network using col-
lected data [14]. An automatic greenhouse environment monitoring and control system is 
studied by Kang et al. They studied the development of environmental monitoring sensor 
nodes and a monitoring system in greenhouses [15]. Nielsen’s work deals with the de-
velopment and testing of computer algorithms designed to spread the energy demand of 
greenhouses, and he showed that without reduction in plant quality, it is possible to avoid 
energy consumption peaks in the morning and in the evening hours [16]. Candido et al. 
described and studied an embedded real time system for climate control in a GH [17].  

A greenhouse monitor and control network is presented by Stipanicev based em-
bedded Webserver unit. The network gathers the data from a distributed sensor-actuator 
network nodes and forward to a global network internet [18]. A remote web monitoring 
system for the greenhouse environment is designed by Li et al.. They consider the design 
of the embedded web remote monitoring software system for greenhouse environment 
[19]. ZigBee mesh network based on event based control techniques architecture and 
applications is proposed by Zhou et al. [20]. Pawloski et al. proposed event-based sys-
tems on wireless sensor networks for climate control in the greenhouse [21]. Chiu pro-
posed a closed loop thermal control system that maintains a steady temperature within a 
GH. He also proposed a remote vision monitoring and control of temperature [22]. 

Several well known artificial intelligence (AI) methods such as expert systems, 
fuzzy logic approach and neural control which are considered as a new trend of automa-
tion systems applied for agricultural field applications. These automation methods tend to 
provide the optimal decisions and thus provide crops with best environment. The most 
control strategies applied to GH management system are PID, ON-OFF and timing algo-
rithms. In the last decade, various strategies and smart control techniques have been pro-
posed for GH automation in which some of them are related to models of neural net-
works [23, 24], fuzzy logic control [25-27], genetic algorithms productive control [28], 
Optimal and robust control [29].  

This paper presents an AI approach fused with current WSAN to precisely control the 
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GH climate of temperature and humidity autonomously. The efficiency of adopting of 
fuzzy inference system (FIS) with WSAN is to build intelligent WSAN coordinator that 
keeps the GH parameters at the desired set values. This research shows significant im-
provement over flexibility of control to adapt new environment and to revive the nowa-
days WSANs. 

In this research, the network architecture consists of a single hope network topology 
based FIS. The terminal nodes consist of sensors and actor nodes which communicate 
wirelessly using IEEE 802.15.4. The sensor nodes collect the data and processed it before 
sending to the MGHSN. Continuously, an average algorithm will run at the MGHSN 
before feeding the FIS with the sensed data. The FIS concludes the output commands for 
the actuator nodes. Finally the actuator nodes perform the actions using Pulse width 
modulation technique (PWM) of controlling. Architectural block diagram of the system 
is shown in Fig.1. Wireless sensor network can be applied to various ranges of environ-
ments applications and provide benefits in terms of cost, simplicity, deployment in harsh 
environment, power consumption, flexibility, installation, small size, Faster deployment 
and installation of various types of sensors and distributed intelligence[30].  

This research organized as follows, Section 2 is dedicated to clarify the problem 
statement of GH climate control, and afterwards, fuzzy and traditional Control ap-
proaches are presented in Section 3. Section 4 shows the design and simulation of FIS of 
the CWSAN-GH. The CWSAN embedded FIS is detailed in Section 5, Section 6 
presents a detail calculation of CWSAN-GH nodes power consumption and conclude the 
life time for the network. Finally, Section 7 presents results and analysis while in Section 
8 conclusions are presented. 

 

 

Fig. 1. Cognitive wireless sensor/actor network architecture 

 
2. SMART CLIMATE CONTROL SYSTEM 

 
The GH structure can be represented by a blocked environment in which climate 

and fertilization parameters can be monitored and controlled with high accuracy. This 
provides best crop growth and hence better production [31, 32]. The complexity of con-
trol problem of GH is due to coexistent of many parameters that affect the climate and 
crops, to reduce this complexity; this research focuses on temperature and relative hu-
midity as they are the most sensitive to crop growth and to each other [7]. Many engi-
neers and agriculture efforts has been cooperated to reduce the complexity and produce 
high efficient methods to keep the optimal desired sets of temperature and humidity. The 
using of fuzzy inference engine within WSAN shows robust cooperation to build auto-
nomous CWSAN-GH. Later this research can be adapted to various GH parameters to 
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achieve full autonomous GH management system. 
The GH Temperature and humidity can be controlled by using of heater, ventilation 

and humidifier systems to warm up, cool up and moisture the environment of the GH 
respectively. These devices activated when the relative temperature/humidity values dif-
fer from the threshold values. The variations of these parameters are very important and 
are related directly to the growth of plants which is highly affected by temperature and 
humidity variation [7]. The indoor temperature and hence the humidity are widely af-
fected by sunny weather which causes to increase the indoor temperature and thus crop 
damage [8]. Contrary, at night time a lot of heat emission lost, and hence temperature 
values may drop under their desired values. As a result the temperature and consequently 
the humidity change frequently during day/night time which affects the crops health. 
Therefore, it is desirable to have to have a suitable control process to achieve optimal 
crop growth [21]. For perfect variation of these parameters, a two threshold values must 
be declared so that the optimal climate parameters inside the GH simulate the natural 
variation of those outside and not to be constant all the time. The two threshold values 
proposed were produce a tolerance space (4oC and 8%RH) that temperature and humidity 
can swipe up and down relative to the average value of max-min threshold values.  

Table 1. Classification of vegetable according to temperature adaptation 
 TEMPERATURE

Crops Day time 0C Night time 0C
Melon, paprika 24-30 12-22 

Tomato, cucumber 20-28 8-15 
Celery, Strawberry 15-25 5-10 

 
The design of FIS for temperature and humidity must adapt the optimal variation of 

temperature and humidity inside the GH during the day and night time within the prede-
fined setting values. Many parameters affect these parameters and cause the deviation of 
their values from the setting range values. Table 1 shows the diurnal and nocturnal tem-
perature of some crops [33].  

 
3. FUZZY AND CONVENTIONAL CONTROL SYSTEM 

 
Traditional control design methods are based on some knowledge, or model, of the 

dynamic system to be controlled. Most of real life dynamic systems are non linear, high 
complex and too difficult to derived an accurate mathematical model which crucial for 
optimal and successful implementation of the control algorithm. Therefore the conven-
tional controller can be used to control a physical system based on a mathematical model 
of the system. Hence, without physical insight, establishing of a precise nonlinear model 
based on measurement data and system identification methods is difficult in real imple-
mentation, even driving of a relatively accurate model of a dynamic system [34-35]. 

A new paradigm for nonlinear systems is the fuzzy control approach. It provides a 
formal methodology for simulating and implementing a human's heuristic knowledge 
about how to control a system. Fuzzy control approach is unique in its ability to utilize 
both qualitative and quantitative information. Qualitative information is gathered from 
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the expert operator strategy and from the common knowledge [36]. Fuzzy controller has 
many benefits over traditional controller which can be summarized as  

• Robustness; fuzzy approach of control is more robust than PID controller. It can 
cover wide range of operating conditions and can operate in noise and distur-
bance environment. 

• Cost; design and develop of fuzzy controller is cheaper than deriving a model 
based controller. 

• Flexibility; fuzzy controller is customizable. It is easy to understand, implement, 
modify and apply it to concrete applications. 

Indeed fuzzy approach consider as one of the most efficient and suitable control strat-
egy for embedded systems for its simplicity of mathematics that result in fast execution 
time and for the small size its algorithms [34].  

 
4. FUZZY WIRELESS SENSOR-ACTOR NETWORK  

 
The fusion of FIS approach with WSAN is due to a number of advantages. The FIS 

algorithm based on if-then-else statements provides almost a small portion of memory, 
with less time of execution, and simple flat mathematics than other controlling ap-
proaches. The FIS approach is more robust even when the parameters and constants are 
not optimum in values, and can be used when complete knowledge of the plant is absent 
or when the system parameters can change dynamically [35,36]. The fuzzy logic ap-
proach is more intuitive, mimics the way people think and easy to modify it for various 
control problems [6, 38]. 

 
4.1 Fuzzy logic approach  

  
For fuzzy systems in general, the dynamic behavior of that system is characterized 

by a set of linguistic fuzzy rules. These rules are based on the knowledge and experience 
of a human expert within that domain. Fuzzy rules are of the general from  

 
                 If antecedent (s) then consequent (s) 

The antecedent and consequent of a fuzzy rule are propositions containing linguistic 
variables. In general, a fuzzy rule is expressed as  

 
                  If A is a and B is b then C is c 

   Where A and B are fuzzy sets with universe of discourse X1 , and C is a fuzzy set 
with  universe of discourse X2 . Therefore, the antecedent of a rule forms a combination 
of fuzzy sets through application of the logic operators. The consequent part of a rule is 
usually a single fuzzy set, with a corresponding membership function. Multiple fuzzy 
sets can also occur within the consequent, in which case they are combined using the 
logic operators. Fig.2 shows the components of a fuzzy rule based system. Fuzzification 
process used to convert the non fuzzy input values to a fuzzy representation. This is done 
by using the membership functions of each fuzzy set in the rule input space. Inferencing 
process concerns with mapping process of the fuzzified inputs to the knowledge base 
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and provide a fuzzified output for each rule. Defuzzification process targets to convert 
the output of the fuzzy rules into non fuzzy values.  

 

Fig. 2. Fuzzy inference system (FIS) 

 
4.2 Fuzzy Greenhouse Climate Control 
 

FIS receives the sensors data sent by the sensor nodes. Sensor nodes are deployed 
inside the GH of 3 6m m×  area with four nodes of temperature and humidity sensing 
where each node performs a predefined task before deliver data to MGHSN. 

The first steps of designing FIS are to determine the inputs sensors and the output 
actuators [35]. Two main sensors used with FIS which are the temperature and humidity 
sensors and three actuators types. Fig 2 shows that the inputs to the FIS are categorize 
into four sets, set one of inputs consist of the temperature and humidity average values 
( _ , _ )T setD H setD  with a deviation value ( _ , _ )T devD H devD  for both up 
and low than the average values, while inputs of set two is the same as set one except it is 
for night setting ( _ , _ , _ , _ )T setN H setN T devN H devN . The current values 
of temperature and humidity ( )_ , _T c H c are forming the set three of inputs to the 
FIS. The sensing of day or night time has been determined by using LDR sensor. 

The crisp input and crisp output defined as  
Crisp input     _ : _ _ ; _ : _ _T day T c T setD H setD T c H setD− −  

Crisp input    _ : _ _ ; _ : _ _T night T c T setN H night H c H setN− −  
Crisp output: Heater, Fan and Humidifier, delivered power expressed by PWM. 

 The temperature (T) crisp input is divided into four regions while crisp input of 
humidity (H) into three regions. The crisp output consist of three regions and to be used 
mutually to assign crisp output values for heater and humidifier devices, while the third 
crisp output will be used with the ventilation system, Fig.3. The error value of tempera-
ture and humidity has been defined as OK if it is within ( _ , _ )T dev H dev± ±  re-
spectively. Tuning the limits range of each membership function will assist of finding 
optimal solution for the specified crop based on plant requirements and working expe-
rience knowledge. Adjusting these values was controllable and verily, resulting in mak-
ing the outputs to be more adequate with the requirements of the crop.  
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4.3 Fuzzy Inference System Design Simulation 
 

The FIS simulated using Matlab with the input and output of the system. The simu-
lation used to adjust the parameters of FIS so optimal output values can be applied for the 
actuators devices. The simulation is based on defining 2 of input crisp and 3 of output 
crisp and a set of 12 rules. The smallest of maximum (SOM) technique is chosen. It is 
depend on the output distribution to conclude the smallest of the maximum values as a 
crisp output [37]. This is computed as follows:  

  Function outV = defuzz(x, mf)          
                 tmp = x(find(mf== max(mf)));                           

            [pos, val] = min(abs(tmp)); 
                outV = tmp(val);        
                return; 
    End 
 Where defuzz(x,mf,type) is a function returns a defuzzified value outV, of a mem-

bership function mf positioned at associated variable value x, tmp is a variable contains 
the values of x where the mf values is maximum. 

Table 2 shows the fuzzy logic rules of the system. The output of the rules is simu-
lated and the result has been studied and analyzed. The membership functions will be 
fine tuned to adjust the result; simulation has been repeated for different tuning setting of 
temperature and humidity thresholds values till a satisfied result is obtained for diurnal 
and nocturnal settings. Fig.3 shows the fuzzification of the error input of temperature, 
humidity and the output variable for Fan, Heater and Humidifier. Sample of the Crisp 
outputs are shown in Fig.4 where the change of the values of temperature and humidity 
causes the outV values of Fan, Heater and Humidifier to be determined based on the 
knowledge base of the FIS. 
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Fig. 3. Membership functions for inputs and outputs 
 
 
 
 

 
Fig. 4. Defuzzification output of temperature and humidity. 
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Table 2. Temperature and humidity fuzzy logic rules 
 
 

LH: Low Humidity, NH: Neutral Humidity, HH: High Humidity, Hu: Humidity, LT: Low Temperature,  
NT: Neutral Temperature, HT: High Temperature, VHT: Very High Temperature, He: Heater, Max: Maximum, 

Med: Medium  
 

5. COGNITIVE WSAN EMBEDDING FIS 
 

The FIS algorithms for GH are embedded with the MGHSN of the CWSAN-GH 
network. The main coordinator node of the GH, MGHSN, acts as a brain of the WSAN 
and thus it is considered the cognitive part of the network. The designed network has the 
capability to sense, analyze and react to environment change in a way that mimics the 
human behave. This made the smart WSAN for GH climate control. The fusion of FIS 
with WSAN can be implemented easily in all WSAN based on the features of FIS ap-
proach. The FIS and network algorithms are programmed using C language. This lan-
guage is perfect match for programming the network nodes, efficient, flexible and widely 
used by developers. The implementation of FIS embedded program is shown in Fig.5.  

 

 
Fig. 5. FIS implementation based Greenhouse problem 

 
The execution time of the developed application is fast due to the simplicity of 

fuzzy approach. The fuzzification and the defuzzification process are performed using 

  TEMPERATURE 

H
U

M
ID

IT
Y

 
 LT NT HT VHT 

LH 

 
Hu_Med 
He_Max 
Fan_OFF 

 

Hu_Max 
He_OFF 
Fan_OFF 

Hu_Med 
He_OFF 
Fan_Med 

Hu_OFF 
He_OFF 
Fan_Max 

NH 

Hu_OFF 
He_Med 
Fan_OFF 

 

OFF 
OFF 
OFF 

Hu_OFF 
He_OFF 
Fan_Med 

Hu_OFF 
He_OFF 
Fan_Med 

HH 
Hu_OFF 
He_Max 
Fan_OFF 

Hu_OFF 
He_OFF 
Fan_Med 

Hu_OFF 
He_OFF 
Fan_Med 

Hu_OFF 
He_OFF 
Fan_Max 
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simple mathematic operations. This make the FIS within WSAN is successful approach 
for smart-WSAN. 

 
5.1 Design Factors of Wireless Sensor/Actor Network Model 

 
The designing and implementation of sensor network must consider many factors in 

advance. The CWSN-GH design is studied and implemented based on the following fac-
tors; Reliability of the network is the capability of the network to continue working 
whenever sensor node fails to work due to lack of power or node hardware fail. Based on 
the average algorithm of the MGHSN the fail of one node of the CWSAN-GH network 
will not affects the performance of the network since other sensor node average reading 
can substitute the faulty node. System scalability, the size of the network can be extended 
to include new sensor or actuator nodes with CWSAN-GH; there are only seven total 
nodes while new sensors or nodes can be attached to the system with consideration of 
area spatially distribution and density of sensor nodes. System cost, the management 
system should minimize the overall cost of the network with maintaining the efficiency 
of the network. The CWSN-GH based on cheap price and perfect features of Jennic 
32-bit wireless microcontroller and on high efficient sensor of temperature and humidity. 
Network topology, CWSN-GH network uses the star topology. It is adequate for GH ap-
plication due to its efficiency, fitness match and reduced power consumption. Work en-
vironment, the environment where the sensor nodes are deployed affects the operation 
and accuracy of the sensor. The sensor nodes used in GH with the consideration of 
moisture environment result to select sensors location enough far away from ground, side 
wall and ceiling, so accurate GH climate relative humidity and temperature can be in-
spected. Power saving, power consumption is considering as the main critical issue in 
designing of WSN. The MGHSN and actuator nodes have plugged to main power point, 
while the sensor nodes powered by 210mAh battery with sleep mode. Transmission hap-
pens periodically every 10 minutes. The transmitted data encoded to shortage the total 
packet length. 

 
5.2 Cognitive Wireless Sensor-actor Network System Realization 

 
The designed network, CWSAN-GH, was built based on a star topology of a coor-

dinator, sensor and actuator nodes with temperature, humidity and light sensors. The star 
topology used widely for control applications that eager to extend its time of operation 
while depending on limited power supply [5]. Indeed, star topology is easy to implement 
and maintain. 

The sensor nodes are equally spatial separated inside the GH. They perform data 
collecting and apply average threshold algorithm before sending the data. The sampled 
data are averaged over 2 minute’s period to get more accurate reading. A threshold tech-
nique is used to reduce the payload bytes section within the packets sent towards the  
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Fig. 6. Sensor node data manipulation 

 
coordinator. The average threshold algorithm uses the difference between the current 
average reading and the previous average reading chosen to be 0.5oC for temperature and 
1% for relative humidity. Hence the transmitted packet will contain a short code of 
No_Change when the values of the measured parameters within the thresholds values, 
thus the total power consumption will be reduced. Average threshold algorithm where 
used to get precise reading over period of time and only worth data queued for sending. 
The power consumption will be less, preserve for longer life time of operation. The 
transmission scheduled every 10 minutes for each node in time slot criteria. The function 
of the sensor nodes is periodically to implement four main tasks as shown in Fig.6. 

To overcome the difference in sensors reading with respect to sensor node position, 
the MGHSN will accumulate all the sensors data with its own sensor data and calculate 
the average reading. This technique will help to bypass the deviate reading of sensors 
located near the GH side wall that face the sun more than other side. 

 
5.2.1 Greenhouse Coordinator Sensor Node (MGHSN) 

 
The FIS is a set of sub processes carried out in small amount of memory which can 

acts on temperature and humidity crisp inputs and their setting values within predefined 
tolerance. The essential matter is not to keep the GH climate parameters constant all the 
time. The MGHSN is the brain-coordinator node of the network. It is manage the net-
work initialization and the control mechanism. The FIS is embedded into the MGHSN 
within the initiate the network, health check and data enquiry, guide the manipulated data 
to FIS where the commands to be sent to actuate the actuator nodes. The CWSAN-GH 
architecture flowchart is shown in Fig.7. While FIS working, all nodes is in sleeping 
mode of operation. The decision come out with a coded data sent to actuator nodes, these 
activated actuator nodes will drive power to the attached devices to adjust the climate to 
adapt the requirements values based on PWM technique. The MGHSN has a light sensor 
used to sense day-night time. Based on this, the FIS will use the predefined set values of 
day-night operations.  
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Fig. 7. Cognitive wireless sensor-actor network main algorithm structure 

 
5.2.2 Climate Actuator Nodes design and sensors 

 
Fig.8 shows the temperature and humidity electronic actuator circuits. The actuator 

trigged by ON_HEAT packet sent by the MGHSN to the actuator node of the heater. 
This packet contains the ON_Action and the ON_Duty cycle time. Same procedure ap-
plied to humidifier and Fan with packet ON_HUMID and ON_FAN respectively. The 
humidifier, temperature and fan actuators nodes are hardware interfaced to GH assistance 
devices. The MGHSN can activate one or more of actuator nodes for a period of time of 
operation. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Actuator node interface circuit (a) Heater and Humidifier interface circuit (b) Fan interface 
circuit 

 
The heater and humidifier devices are connected to the node as described by the ac-
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tuator node circuitry in Fig.8 (a), while fan device interface circuitry shown in Fig.8 (b). 
The FIS and actuator node will encode the required amount of power as a variable duty 
cycle square pulse using PWM technique. PWM is efficient technique used to provide 
custom power preservation. Every 10 minutes, The MGHSN enquires the nodes for data. 
The sampling frequency of pooling could be varied according to the importance and val-
uable parameters change behavior.  

The temperature and humidity sensor used is SHT75; Fig.9 (a) SHT75 has low 
power consumption, tolerance against moisture climate and less delay time. It is a perfect 
matching for GH environment [38]. The sensor specification is shown in Table 3. The 
mode of operation changes from sleep mode to active mode on measuring status, hence 
sleeping mode is important feature to reduce the power consumption.  

The Light Dependent Resistance (LDR) is very simple and useful sensor to sense 
the day-night phenomena. It shows a very high resistance in dark environment and a 
dramatically decreasing of resistance when subject to light condition. Fig.9 (b) shows the 
simple and cheap sensor circuitry used to interrupt the MGHSN for day-night time which 
affects the FIS day-night decision. A resistor of 10 kilo ohm used to adjust the proper 
sensitivity of sensing the day-night phenomena. 

(a)(a) (b) (b) 

 
Fig. 9. (a) SHT75 sensor with I2C connection to the wireless microcontroller (JN5148), (b) LDR 

interrupts circuit for the coordinator node 

 

Table 3. Specification of SHT75 Temperature/Humidity sensor 
Parameter Temperature Sensor Humidity Sensor 
Resolution 12 bit / 0.04 Co 12 bit / 0.05% RH 
Accuracy ±0.3 Co ±1.8% RH 
Operating Range -40 Co - 123 Co 0 - 100% RH 
Response Time 5-30 sec 5-30 sec 
Source Voltage 2.4 V - 3.3 V 2.4 V - 3.3 V 
Power Sleep 2µW, Measure 3mW     Sleep 2µW, Measure 3mW    

 
5.2.3 Wireless Sensor-actor Network Technology 

 
Based on a new single chip of 32 bit wireless micro-controller, the hardware plat-

form of the CWSAN-GH network was built this microcontroller can be loaded with 
ZigBee PRO stack. ZigBee technology is low cost, low power consumption and low data 
rate of maximum 250 Kbps. It is specified for automation, remote control and monitoring 
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application. 
The test bed of the research consists of a coordinator, sensors and sensor-actuator 

nodes. A ZigBee sensor network can be used to achieve high performance of networking. 
All sensor boards sent its valuable data to the MGHSN to be processed by FIS and a 
suitable actuation order spread the network back to the actuation nodes. Low price and 
small size wireless sensor nodes were developed using Jennic wireless node. The current 
consumption of receiving status is 18mA.and 15mA at transmission status. The 32 bit 
wireless microcontroller has 128 KB ROM , 128KB RAM and new enhanced coding 
technique provide it with adequate features for developers to integrate their embedded 
application and the ZigBee PRO stack into a single efficient and low power consumption 
integrated chip[39]. 

 
5.2.4 Network Nodes Deployment 

 
Fig.10 shows the spatial location of sensor node inside the GH. The CWSAN-GH 

network was built with one MGHSN and four sensor nodes with three actuators nodes. 
The MGHSN hanged into the middle of GH of 3.5m above earth. The three actuators 
nodes were deployed 2 meter height and connected directly to the actuators devices. The 
temperature-humidity sensor nodes deployed 1m away of side wall and 2m away from 
front-rear side of GH. The fan actuator node function for ventilation is to activate the fan 
device. Using this spatial distribution provide covering of the all the area of the GH. 

 

 

Fig. 10.  Greenhouse network nodes spatial distribution 

6. NETWORK SYSTEM LIFETIME 

The node power consumption mainly includes the wireless microcontroller current 
consumption and the sensors on board power consumption [39]. The MGHSN of the 
CWSAN-GH can be powered from an external power supply besides batteries; therefore, 
only sensor node power consumption is presented below. 

Based on a ZigBee beacon star topology that continuously performs the following 
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tasks every 10 minutes period; Wakes from deep sleep, collect data from the sensors then 
apply a data processing algorithm, sending an encoded frame of 6 bytes or 1 byte payload 
data, and finally return to sleep mode till next round of transmission without holding 
memory contents. Table 4 shows the typical values of current consumption of the wire-
less micro controller used in our research while be in transmission, receiving and flipping 
from sleep to active status. 

 All the timing for network operations will be based on the modulation used by the 
IEEE 802.15.4, Table 5. The power consumption of each activity done by the node is 
calculated as below 

Table 4. IEEE 802.15.4 communication specification 
Symbol rate  62500 symbol per sec 
Information 4 bits per symbol 
Modulation  OQPSK 
Transmission Technique Direct Sequence Spread Spectrum  
Channel 16 channels (2.405GHz -2.480 GHz) 
Over air data rate 250 Kbps 

 
• Wake up mode: 6.84ms is the time taken to wake from sleep mode with assump-

tion of no hold of RAM contents. It is calculated by adding the oscillator start 
time to the application load time; Table 5. 6.08mA is the current drawn when 
loading the application; note that transceiver will be idle. 

• Sensor’s Data Collection: 6.08mA is the current consumption during the read 
data operation from the sensor. 5ms is the time needed to read data from the 
attached sensor. 

• Packet transmission: The frame of data is consisting of a physical layer header 
(PHYH), MAC layer header (MACH) and payload data (PAYD) with 6, 11 
and PAYD bytes respectively. PAYD of bytes can be six bytes or one byte of 
encrypted data. Temperature and humidity values out of thresholds limits lead 
to 6 byte of PAYD payload while 1 byte of payload corresponding to apply-
ing of average-threshold algorithm. In this calculation, the worst case is to 
consider that the payload data is 6 bytes, hence  

Data transmission period = (PHYB + MACB + PAYD)* 8/250 = 0.736ms  
15mA is the current consumption of the radio transmission during this pe-

riod of time. 
• Sleep mode:  1.25μA is the sleeping period current consumption. Approx-

imately 10 minutes. 
•  Sensors: 0.55mA is the supply current for the temperature and humidity sensor 

during measuring and 0.3μA during sleeping. 5ms and 10 minutes are the pe-
riods of measuring and sleeping respectively. 

Using this information of the current consumption and time for each stage of the net-
work node operation, it is possible to show that the average current consumed by the ap-
plication is approximately equal to 1.692 μA. Therefore the network nodes life can go for 
14 years of operation based on 210mAh battery power.  

 
 
 
Table 5. The electrical currents consumption of the wireless microcontroller 
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Operation  Current (mA) Note 
Sleep 00125 RAM contents not held 
Sleep 0.00345 RAM contents held 
CPU active 6.08 wireless transceiver off 
CPU active 12.3 wireless transceiver on 
Radio transmitting  15 CPU in doze mode 
Radio receiving 17.5  CPU in doze mode 
Crystal Oscillator start time 0.84 32MHz 

 All quoted currents are typical values at 3V and 25 oC. 
 

7.  RESULTS AND DISCUSSION 
 

One of the benefits of using of ZigBee protocol is the seven granted slot. It is per-
fect match for our research sensor nodes. Hence collision can be avoided when the nodes 
wake up and sent its information. Assuming that, the interference with other communica-
tion system is less than affects the performance of our network. 

The CWSAN-GH proposed was carried out within a GH sample, which there is 
many type of salad vegetable cultivated. The network built with one GH block to gather 
information of temperature and humidity and apply optimal solution depending on actua-
tion system inside the GH. The sensor nodes deployed in an area that covered by the 
sensor nodes with the existence of the line of sight LOS between the sensor nodes and 
the MGHSN, the quality of link was high and the error was very less than 2%. Indeed the 
sensor nodes apply average-threshold algorithm which enhance the overall system 
showing. The network performance was highly reliable and achieved stable performance 
during one week of operation. Xia et al. found that the packet loss rate remains less than 
10% when the transmission power is set to 0dBm in different nodes. The packet loss va-
ries nearly from 0% to 100% of the area between 9 m and 13 m [1]. Thus, the overall 
performing of nodes within CWSAN-GH is above of 95% of packets transmission rate. 

The use of precise sensors is crucial to determine the success of the system and 
thus affects the crop health and its productivity [33]. Park et al. used sensors with 3.5 RH 
and 0.5oC tolerance. The SHT75 sensor used in this research for temperature and humid-
ity sensing is a high accuracy of 0.30C and 1.8% RH tolerances. This increased the over-
all system performance. Once every ten minutes, the fuzzy inference system adjusted the 
heat and the humidity based on the new samples reading. Sudden abnormal environment 
change such as sudden heavy rain during days of test affected the controlled parameters 
and shows sharp spike changes, while normal graduated weather change shows smooth 
controlling bias. 

All sensor nodes reading were almost similar with little bit difference with wall side 
sensor nodes reading during sunny days, this deviation was fixed using the average of all 
sensor reading within MGHSN. Fig.11 shows the average reading of the five sensor 
nodes of temperature and humidity with tolerance thresholds represented by horizontal 
lines. During the ventilation process the 10 minutes period is enough for homogeneity of 
temperature within the GH area while for heating effects will be seen within the second 
period of sampling data where the climate temperature fluctuation settle within the pre-
defined limits. The tolerance of temperature limits results in optimal weather for growth 
of plants due to smooth variation of temperature and humidity which simulate the natural 
environment cultivation situ.  
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Pawlowski et al. uses the event-based controlling method for GH climate applica-
tion. It reduces the number of actuation of the attached climate tuning devices by more 
than 80% as it compare to the traditional time-based control method. Event-based control 
method provides a reduction of power consumption and hence the electricity costs and 
increases actuator lifetime [21]. In this research, the CWSAN-GH used the event-based 
control concepts through using of the average/threshold algorithm. It reduces the total 
number of packets transmitted by 60% while maintaining a very high system perfor-
mance, beside reduction of power consumption and maintains the actuator health. Using 
of 2 limits threshold tolerance, the total number of actuation during one sample day did 
not exceed 6 times. PWM provided very efficient power consumption and a reliable and 
accurate controlling scheme. 

 Other important feature of CWSAN-GH is the self warning system of dead nodes. 
Contrary to event based method used by Pawlowski et al., CWSAN-GH uses a one byte 
payload message to encode the health of node itself and to inform that there is no change 
in current and previous reading.  

The overall system performance shows high confident results for both temperature 
and humidity. The variations of these parameters are smooth over the average value, 
while for sudden heavy rain their values affected and shown as spikes on the graph. The 
FIS monitors those changes and within next period of time it forces the temperature and 
humidity to be within their thresholds values. The results show that the increasing of 
temperature of the environment will lower the RH value while sloping towards cooler 
situation causes RH to increase. 

 

Fig. 11. Senor nodes average reading of Temperature and Humidity 
 

 The weather changes from cloudy, sunny to rainy would highly affect these para-
meters and hence some spikes shown within the graph. When the ventilation system 
works using fan both temperature and humidity values will change and hence controlling 
activation commands must be ordered for both the heater and humidifier system. 

The CWSAN based GH was fully powered by 210mAH high quality batteries. The 
sleep and wake up strategy with predefined schedule time table is crucial issue for energy 
saving. Hence, as the power consumption calculation shows that the working life of 
CWSAN-GH nodes can last for more than 10 years. 
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The benefits of integrating the FIS with WSAN, it has small memory size, fast ex-
ecution, easy to modify and flexibility to count any modification, the result of the work 
shows it is highly recommended to build new generation of intelligent long life wireless 
sensor actor network. 

 
8.  CONCLUSIONS 

 
This paper presents a CWSAN-GH based on a ZigBee star network topology fused 

by artificial smart controller. There were seven nodes of CWSAN-GH network to moni-
tor and control the GH climate and targeting to keep temperature and humidity within 
acceptable predefined values of tolerance. The CWSAN-GH worked for diurnal and 
nocturnal sets of temperature and humidity climate control. Within the area of 18 square 
meters of communication, less packet loss results due to the existence of the LOS be-
tween the nodes and the MGSN, Also Granted Slot method of a beacon based communi-
cation and the free area of interference or coexistence of similar communication channels 
show that the total loss of packets is less than affects the performance of the network.  
The using of FIS embedded in the MGHSN proves the new trend of smart WSAN within 
agriculture application. The CWSAN-GH performance was robust and reliable over the 
test period. The controlling parameters can be easily modified to include more monitor-
ing parameters such as soil moisture, wind speed.. etc., thus providing a fully autonom-
ous GH monitoring-control system based on CWSAN approach. 

The CWSAN system prototype provides real time autonomous data monitoring with 
low cost, easy to install and maintain, small size and a little bit interference with gardener. 
Future work can be extended the current system to be connected remotely to a base sta-
tion for real time data collecting, monitoring and statistical analysis.  

The sensor of temperature humidity provide well matching to this research due to its 
low power consumption, high accuracy compare to others and availability of sleep mode. 
LDR sensor used with balance resistance to drive at minimum current during diurnal 
with full functionality of interrupt the MGHSN for day-night event. The network nodes 
can work on low power consumption mode between beacon intervals, thus lengthy the 
life time of the network. The proposed CWSN-GH can be fully powered by high quality 
batteries of 210mAH. Energy efficiency built on sleep/wake up method on a predefined 
period of time. The CWSAN-GH nodes are capable of operating for more than10 years 
as the precise calculation of total power consumption of the nodes shows.  

Blending of FIS and the Jennic5148 wireless network controller provides a new 
cognitive wireless sensor-actor network which can sense the environment and react in 
optimal performance without interference from gardener. This combination 
(CWSAN-GH) provides the first step of complete autonomous controlling network using 
actor-wireless sensor network for GH application 
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