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Abstract In this paper, we perform extensive network evaluation by creating different scenarios (using different topologies),
to observe the effect of some parameter at MAC and application layers such as rate of data transmit, delay, throughput and
end to end delay with three promising topologies in ZigBee (sensor/actuator) network. This paper aims to leverage wireless
devices for NCSs in industrial applications. To achieve this, industrial area was chosen (Path along the bank of the Medical
City at Tigris river) to implement and simulate the proposed network and demonstrate the impact of these parameters by
(Using OPNET IT Guru Academic Edition) network simulation tool. The goal is to highlight the effect of Zigbee network
parameters in the two layers (Mac and PHY) on the (sensor gather data) to the control center and return a control signal to a
controller device(actuator) set to perform a specific function in an attempt to reach the highest performance in industrial
system have been chosen and achieve the stability state of this industrial systems.Results of three ZigBee topologies (star,
mesh & mesh1 and tree) showed that star topology is more efficient and best suited compared with mesh and star topologies
for IEEE 802.15.4/ ZigBee standard due to measured parameters (Average end to end delay (second), Average Data dropped
rate (bits/second)) that showed highest results for star topology as well (see Comparative performance table).
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1. Introduction

Zigbee network is used because it is specially designed for low cost, low data rate and low-power
consumption wireless personal area networks (WPANS). Its mesh topology of network makes this network best
suited for industrial automation. Sensor and actuator are supposed to use in the system but In this era of
revolution technology, the industrial automation system deals with advanced automation control technologies to
have better control performance over complex processes, to increase reliability, productivity, and quality while
minimizing the production cost, process control industries must be driven by integrated controllers with high
distributed control capability, but it is un available

In this paper, in depth details of the industrial automation transformer parameters control system will be
discussed. As can be seen from Figure (1) the proposed system consists of IEEE802.15.4 / Zigbee, which
compromised from three part (coordinator - router - end-devices (sensor or actuator), environment can be applied
Zigbee network on it (The Banks of Tigris river) our (plant)

Pc/HMI
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2. flow chart of gather data and send signal in proposed system:

bee network

\_ /

The goal of this chapter is to present NCS, highlight the characteristics in relation to wireless network and
finally describe and make comparison between effect of Zigbee network parameters for main topologies are
used.

NCS is one in which sensors, controllers and actuators exist in a spatially distributed manner. Sensor to
controller, controller to actuator loops is reliant on real time communication network which could be either wired
or wireless, with the later(wireless) is being the focus of this thesis.

OPNET contain fixed parameters which shown below Tab (1), the other will be shown with each scenario
will be done.

Table (1) Fixed application traffic and parameters for the physical, MAC and application layer

Data rate (kbps) (W) 250
Receiver sensitivity (db) -85
Transmission band (GHz) 2.4
Transmission power 0.05
ACK wait duration 0.05
Number of Retransmission 5
Packet interval time/ type (sec/constant) 1
Packet size/type (bits/constant) 1024

3. Implementation Case study:

Another site has been chosen is (Path along the bank of the Medical City at Tigris river) in Baghdad city.
Riverbed Modeler version 17.5 is used for designing and implementation of ZigBee network (OPNET). We have
considered an environment (Tigris bank) having many and many of kilometers and the parameters involved in
the water quality determination such as the pH level, turbidity, temperature and water speed is measured in the
real time by the sensors that send the data to the base station for(control/monitoring), so the designed network
consists of fixed devices because it will work permanently (at least till now). however, sensor to collect data and
actuator to take a action will be supposed after put them in along the river.

The comparative analysis involves global throughput, MAC delay, data dropped rate and end to end delay as
the parameters can affect on industrial system. In this simulation the overall scenario has been considered taking
ZigBee Coordinator (Fixed), ZigBee Router (Fixed), ZigBee end device (Fixed) in every configuration. At first,
scene for work environment will be displayed to understand it and familiarity different conditions that can be
valuable for our work Fig (3).
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Fig (3) (industrial area have been chosen PABTR)
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Fig(4) Block diagram Zigbee based wireless sensor network for the monitoring & controlling system case study
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A sensor unit is basically consisting of several sensors used to detect the predetermined parameters that
indicate the quality of water. In this work, four types of sensor; pH level, temperature, water speed sensor and
that senses the acidity of basicity of the water.

Check serial buffer if nothing, (go to start)

Assign buffer content to RX (receive port) data
If RX data = “read X” go to step (6)

If RX data = “on X” then go to step (7)

If RX data = “off X go to step (1)

Store in TX data node number (x)

I
Store analog water temperature Store analog (X data has

been read) according sensor
type

Store analog water speed flow value

Store analog PH level

Send TX data. /(Transmit port) send response from end device to coordinator
END

Algorithm(1): End nod Algorithm:

Algorithm(1): Coordinator Node Algorithms

A/ PABTR with long thin tree topology:

In this scenario long thin topology (tree topology) will be applied and simulate by OPNET simulator as
shown below Fig (6). Here one type can be applied to implement our network (so coordinator node, router nod
and end devices node (sensor /actuator) respectively will be used.
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Create Net Work (build Zigbee network).
Add of PAD ID.

check if end nod asks to join.

if Read TX Data =" " go to step (3)

if Read TX Data =" x" go to step (6)
check XBEE serial buffer

if serial buffer =" " go to step (6).

store responds of node in TX Data.

Send “read for X Data” TX. / command from coordinator to end nodes (actuator or
Sensors)

go to step (3).
END

Fig (6) long thin topology (tree topology)

EXPERIMENTAL SETUP:

Table 2 General Confiiuration Parameter iloni thin itree toioloiii

1 Topology Type Long thin (tree)

2 Number of Nodes 33

3 Number of Coordinators 1(at the head of path)
4 Number of Router 16

5 Packet Interval Tim Constant (1.0)

6 Packet Size (bits) Constant (1024)

7 Simulation Duration (sec) 3600

8 Trajectory Vector

As see, the number of used nodes almost reached (31), and the Coordinator node was at the beginning of the
path to represent the tree's topology, all nodes distributed along the river bank (sensor) to gather data (feedback)
then send signal ((sensor/actuator) as control system) to do required action.

B/ PABTR with long thin star topology:

In this scenario long thin topology (Star topology) will be applied and simulate by OPNET simulator as
shown below Fig (7). Here star topology was tried to simulated, so to implement our network the following
nodes were used (coordinator node, router nod and end devices node (sensor /actuator) respectively will be used.
Taklng into account the posmon of the Coordlnators node in the mlddle

Fia (7) Ionq thin topoloay (Star topoloqv)
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1 Topology Type Long thin ( star)

2 Number of Nodes 31

3 Number of Coordinators 1(at the Middle of path)
4 Number of Router 16

5 Packet Interval Tim Constant (1.0)

6 Packet Size (hits) Constant (1024)

7 Simulation Duration (sec) 3600

8 Trajectory Vector

As see, the number of used nodes almost reached (31), and the Coordinator node was at the middle of the
path to represent the Star's topology, all nodes distributed along the river bank (sensor) to gather data (feedback)

then send signal ((sensor/actuator) as control system) to do required action.

C/ PABTR with long thin mesh1 topology:

In this scenario long thin topology (Mesh topology) will be applied and simulate by OPNET simulator as
shown below Fig (8). Here Mesh topology was tried to simulated, so to implement our network the following
nodes were used (coordinator node, router nod and end devices node (sensor /actuator) respectively will be used.
Taking into account the position of the Coordinator's node in the one side of the Tigris river while the nodes
distributed on both banks.

Table 4 General Confiiuration Parameter iloni thin imeshl toioloiii

Topology Type

Long thin (mesh)

Number of Nodes

61(Both side of Tigris river)

Number of Coordinators

1

Number of Router

29 (behind nodes)

O|INO(O B W|IN|F-

Distance Part of 2 side
Packet Interval Tim Constant (1.0)
Packet Size (bits) Constant (1024)
Simulation Duration (sec) 3600
Trajectory Vector
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As see, the number of used nodes almost reached (61) to cover both banks, and the Coordinator node was at
(one bank) and the rest of nods were distributed as (30 nodes) for each bank to represent the Mesh 's
topology, all nodes distributed Both banks of the river (sensor) to gather data (feedback) then send signal
((sensor/actuator) as control system) to do required action.

D/ PABTR with long thin mesh2 topology:
Here the same meshl topology were simulated but in different configuration and different distance on
environment, to explained how change configuration (setup) maybe effect on behavior of network for same
topology and then how effect on industrial automation. The mesh2 will be shown below.

Table 5 General Confiiuration Parameter iloni thin imesh2 toioloiii

1 Topology Type Long thin (mesh2)

2 Number of Nodes 54(Both side of Tigris river)
3 Number of Coordinators 1

4 Number of Router 26 (between node)

5 Distance More than meshl

6 Packet Interval Tim Constant (1.0)

7 Packet Size (bits) Constant (1024)

8 Simulation Duration (sec) 3600

9 Trajectory Vector

As see, the number of used nodes almost reached (54) to cover long both banks nor like meshl, and the
Coordinator node was at (one bank) and the rest of nods were distributed as (27 nodes) for each  bank to
represent the Mesh 's2 topology, all nodes distributed Both banks of the river.

4. Result and discussion
Here scenario of difference topology will be applied and simulate by OPNET simulator on Path along the
bank at Tigris river Taking into account long thin can be considered (a hybrid topology) because to position of

coordinator give the topology different shape, as shown below

A/ Mesh topology result for (PABTR)
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In this scenario mesh topology will be applied and simulate by OPNET simulator on Path along the bank at
Tigris river, as can see the coordinator is located on one of the banks of the river, but not on both, parameters of
this scenario will be shown below.

i
("r W

S Y
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Fig (10) Scenariol Mesh topology (throughput, delay, end to end delay and data drop)
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C/ tree topology result for (PABTR):
In tree topology scenario which will be applied on Path along the bank at Tigris river.
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6. Comparative performance table control parameter affective:

Here we add anew thing re simulate same mesh topology then we compare it with all topologies were used,
what are discovered is the result for same scenario were be differ according to No. of nods , distance was
covered and the nature of topology.
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