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Abstract 
In wireless sensor networks, source nodes usually send their data packets 

to a single sink following a specific routing protocol. In this way, unicast 

delivery becomes a dominant means of data transmission through the 

network. However, if one of links in the route is out of order, a dynamic 

routing protocol will rule the search by the routers for a new 

transmission route and thus, more time will be taken with regards to 

searching for the route. In this paper, a condition in which an emergency 

occurs is envisioned. Source nodes must send the emergency information 

packets to the possible sink as soon as possible. Then the multicast 

delivery should be taken instead of the unicast delivery so as to save 

more time. 

Keywords: emergency condition, multiple sinks, routing algorithm, data 

collection 
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Terminology 
Abbreviations 

WSN: Wireless Sensor Network 

IWSN: Industrial Wireless Sensor Network 

OPNET: Optimized Network Engineering Tools 

APM: Application Performance Management 

THVRG: Two-Hop information Velocity-based Routing for Gradient 

network 

THVR: Two-Hop information Velocity-based Routing 

OMLRP: On-demand Multi-hop neighbourhood information Local 

Routing Protocol 

IPV4, IPV6:Internet Protocol version 4/ Internet Protocol version 6 

QoS: Quality of Service 

3G: The third generation of mobile telecommunications technology 

LTE: An initialism of Long-Term Evolution, marketed as4G LTE 

TDMA: Time Division Multiple Access 

CSMA/CA: Carrier Sense Multiple Access with Collision Avoidance 

http://en.wikipedia.org/wiki/Initialism
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1 Introduction 
1.1 Background and problem motivation 

Wireless sensor networks (WSN), involve a network be composed of a 

large amount of autonomous sensors. They play an important role as a 

transmission medium connecting the computer systems and the physical 

or environmental world. In telecommunications or computer science, 

how to transform data information among sensor sources cooperatively 

and efficiently has become to an active research area.  

In modern days, such networks are usually used in industrial or 

consumer applications. In this case, there are two kinds of sensor nodes, 

namely, sources nodes and sink nodes. A sink node is a sensor node with 

more responsibility for collecting data information from other nodes and 

it is always considered as a base station connecting directly to the 

gateway or servers. 

Under normal circumstances, source nodes will send a data packet with 

information messages to a single sink. However, when an emergency 

occurs, source nodes should multicast their emergency packets to as 

many proper sinks as possible so as to guarantee the emergency 

information can be received by at least one sink in time. 

Based on the issues above, the multiple sinks method is considered as a 

usage solution for the large-scale network. This research works on a 

multiple sink wireless sensor network within an industrial field. It is 

based on a master examination concerning a two-hop table single sink 

data collection network created by QinCui from Mid Sweden University. 

1.2 Overall aim 

This research is aiming to create a routing algorithm for multiple sinks 

data collection. In addition, this routing algorithm will realize a multicast 

to possible sinks in an industrial wireless sensor network. Furthermore, it 

is a system started when an emergency occurs in order to guarantee at 

least one sink can receive the emergency packet with the warning 

message. Then the sink will be able to gain access to the server in order to 

send rescue signals. 



Wireless Transmission method of Emergency 

Response 

Nan Chen 

An Implementation for

 Multiple Sinks Data 

Collection in WSNs 

2013-09-09 

 

6 

This research should be established and implemented by means of a 

simulation modeler called OPNET, a commercial software tool for 

network modeling and simulation. It is a new product and has only been 

involved in significant trials in recent years. 

1.3 Concrete and verifiable goals 

In order to implement a data collection network, the fundamental aspect 

is the design of the routing algorithm. In a normal wireless sensor 

network, only a single sink will be the destination node to collect data 

packets sent from source nodes. However, when an emergency occurs, 

packets with emergency information should be multicast to all the 

possible sinks around so as to reduce the risk of losing packets and to 

increase the possibility of packets reception for sink nodes.  

In this paper, a multicast routing algorithm is put forward. It rules hops 

and the delay of time to select possible sinks. Then, a static routing will 

be set to multicast the emergency packets. The design of this algorithm is 

described in Chapter 4. 

For the implementation part, a specific topology is designed with OPNET 

to imitate the wireless sensor network with multiple sinks. After 

implementing the routing algorithm, a detailed evaluation can be 

researched by using this simulation modeller tool. The result will be 

shown and described in Chapter 5. 

In the last section, a brief conclusion of this research is put forward which 

lists the advantages and also the disadvantages over other techniques. 

1.4 Scope 

Since OPNET is a new product, available in recent years for APM 

(Application Performance Management), this research will be one of the 

earliest and involve the latest designs for multiple sinks data collection 

network realized by OPNET. 

Based on the two-hop table dynamic routing algorithm designed by Qin 

Cui for single sink data collection networks, this research improves the 

transmission effect when an emergency occurs, for which there is a 

limited time but a high receiving rate is required. 
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2 Related work 

[1]In a large-scale network, energy is one of the most valuable resources. 

For the majority of existing energy protocols, multi-hop paths algorithms 

are usually adopted to use the energy more efficiently. However, when 

the hop number between the source and destination nodes is increasing, 

some issues will be raised in relation to this aspect. In addition to the 

number of sensor nodes and with the change of topology, the scalability 

of a routing protocol for wireless sensor networks will also be affected. 

[1]First of all, nodes close to the destination sink will run out of their 

energy quickly, and the destination sink will become into an unreachable 

state. Secondly, when the hop number is increased, more packets will be 

buffered on the route, which causes an overhead and delay with regards 

to the processing. As the delay increases, the packets will be dropped. 

Reference [2] proposes a solution for correlated data gathering so as to 

minimize the system-wide energy consumption in sensor networks with 

multiple sink nodes. Reference [3] proposes a gradient routing with 

two-hop information for industrial wireless sensor networks to enhance 

real-time performance with energy efficiency. The paper [3] compares 

two-hop information velocity-based routing for a gradient network 

(THVRG) with THVR andOMLRP-4hops.The result shown by paper [3] 

proposes a best performance of the two-hop routing THVRG. [4]THVRG 

adopts an embedded initiative drop control in order to enhance the 

energy efficiency and reduce the miss ratio of packets. Reference [4] 

proposes a model to adopt existing single-sink algorithms to multi-sink 

networks. 
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3 Methodology 
3.1 Simulation Tool 

In this research, a kind of commercial software called OPNET Modeller 

17.5 is adopted as the simulation tool in order to implement the proposed 

routing algorithm. 

OPNET stood for Optimized Network Engineering Tools, a simulation 

technology which provides performance analysis for computer networks 

and applications. In addition, it also provides an open environment, 

allowing users to be able to create new protocols and equipment and for 

which details can be defined and simulated. 

This technology has been used in a large arrangement of application 

fields.  

Application Field Implementation 

End to End Network Architecture Design -Ipv4, Ipv6 

System Level Simulation for Network Devices -QoS 

Protocol Development and Optimization -3G, LTE 

Network Application Optimization and Deployment Analysis -Index properties 
Table -1. Application Field of OPNET 

With the hierarchical network modeling structure, OPNET is widely 

applied to the field of telecommunication research or to computer science 

simulation. 

7 Layer of OSI Opnet Simulation 

Physical Layer Physical Layer 

Data Link Layer MAC Layer 

Network Layer ARP Layer 

Transport Layer IP Encapsulation 

Session Layer IP Layer 

Presentation Layer TCP Layer 

Application Layer Business logic Layer 
Table-2. Hierarchical Network Modelling Structure of OPNET 

The OPNET Modeller is based on a the hierarchical structure, which can 

be divided into 3 main modelling models: Network Model, Node Model 
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and Process Model. After establishing these 3 models in the three 

different domains, simulation steps will be taken. 

 

Figure-1. The Workflow of OPNET Simulator 

With the hierarchical structure, a project can be established which has a 

high level of network model, a medium level of node model and a low 

level of process model. 

 

Figure-2. The Hierarchical Domain of OPNET Simulator 

[6]Within a typical network model, the same node model can be used for 

nodes with the same function created in the network model. Within a 

node model, different kinds of process models will be established for 

different functions of node. A node model can be designed and 
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developed in a domain of Node Editor, and the same can be achieved 

with a process model. Each type of model has a typical user interface to 

design the function and to edit the code. 

3.1.1 Network Model 

The Network Model is the highest model level of OPNET application. 

From the user interface of this model, the topology of a network can be 

created or located, in which it is possible to choose the environment such 

as world, enterprise, industry, office, campus, and so on. 

 

Figure-3. An Imitation of an Office Network with Ends connecting WLANs 

3.1.2 Node Model 

[6]A node model is composed of blocks, which also names the modules. 

Each module consists of a process model, which can be designed and 

established in the process domain. 
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Figure-4. A Typical Node Model with an entire Communication Layers  

3.1.3 Process Model 

The process model is a basement model in which codes can be 

programmed. All the operations can be designed and computed in the 

function block. Different nodes with different duty functions can be 

edited with different process models. 
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Figure-5 An Internal Process Model Structure of tpal Node Model 

[6]As can be seen from Figure-5, the red state is a state where the break 

off can be designed between the executives of enter and exit, while, the 

green state is a state where there is no waiting break off for the process to 

wait. 

3.2 Routing Method used in Communication Networks 

Routing is a process for paths selection in different kinds of network. In 

addition, networks include the data transportation networks, electronic 

data networks, mobile communication networks and so on. This paper is 

concerned with the routing in data transportation networks. 

[7]Routing Schemes in Delivery Semantics: 

a) Unicast: A transmission for delivering data packets to a single 

specific node. 

b) Broadcast: A transmission for delivering data packets to all nodes in 

the network. 

c) Multicast: A transmission for delivering data packets to a group of 

nodes which are proposed to receive the packet. 

d) Anycast: A transmission for delivering data packets to a group of 

nodes, but anyone is able to receive the packet. Typically the chosen 

one is nearest to the source node. 

e) Geocast: A transmission for delivering data packets to a geographic 

area. 

Routing Schemes 

 

Unicast 

 

Broadcast 

 

https://en.wikipedia.org/wiki/Unicast
https://en.wikipedia.org/wiki/Broadcasting_(computing)
https://en.wikipedia.org/wiki/Multicast
https://en.wikipedia.org/wiki/Anycast
https://en.wikipedia.org/wiki/Geocast
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[7]Figure-6. Routing Schemes 

For the normal single sink data collection network, unicast is the 

dominant way for data delivery. However under emergency conditions, 

a multicast network with multiple sinks has the obvious advantages over 

the unicast network in order to guarantee the percentage of message 

reception. Additionally, a multicast delivery has been adopted in this 

routing algorithm to reduce the transmission time delay, so that a sink 

can receive the emergency information as soon as possible. 

3.3 TDMA Method used in MAC Layer 

Time Division Multiple Access (TDMA) is a multiplexing technique 

which divides a frequency channel into multiple time slots. It allocates 

unique time slots for each user. By this way, users are able to gain access 

to a single radio frequency (RF) channel without interferences.  

 

Figure 7. TDMA structure [8] 

Multicast 

 

Anycast 

 

Geocast 
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From the structure of TDMA, each user is supposed to be allocated a 

digital time slot. Time slots are allocated and organized in one frame. 

Frames are combined into a data stream.  

In an industrial wireless sensor network (IWSN), the real-time 

communication requirement has a high speed of increase. In this case, 

compared with CSMA/CA, TDMA is a guaranteed quality of service 

(QoS), which is widely used in current networks. However, with the 

timeslot allocation for each user in TDMA, the time delay from 

end-to-end will be significantly influenced by using this technology. 

Besides the transmission time from each hop to the other, a 

timeslot-based waiting time caused by the TDMA table should also be 

considered in the end-to-end time delay. 

3.4 Time Delay Method used in Routing Algorithm 

Based on recent researches, energy efficiency is the significant point of 

interest for routing algorithm design. However, under the circumstance 

of emergency, time is really limited and is the main aspect when 

searching for a best routing. 

There are 3 main ways to make the time delay. Firstly, coding and 

encoding the message information written in the packet will take time. 

The time delay will be decided by the length of the packets. Secondly, 

AGWN noise in a channel will influence the quality of each link, which 

makes the transmission time variable. The last, but the most important, 

involves a TDMA table which makes diverse waiting time delays for each 

sensor node. 
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4 Design and Implementation 
4.1 Routing Algorithm for Multiple Sinks Data Collection: 

The design and implementation of the proposed routing algorithm can be 

broken down into the following 3 

parts:

 

Figure-8 Design of Structure 

It is a multicast routing algorithm designed for an emergency. A static 

routing method is used to save time in relation to searching for a new 

route as compared with a dynamic routing method. 

Figure 9 is a process flow for this multiple sinks data collection network. 

When an emergency occurs, the source node should send a packet with 

an alarm message to the possible sinks. After detecting the accident, the 

source node will gain access to a data table with information of possible 

sinks around the node. Then, different static routing tables will be set for 

multicasting. During the way of messages transmission, packets are 

transmitted in the channel with diverse routings. A value of time should 

be set in a system so as to imitate the limitation time under an emergency 

circumstance. This value will be a threshold value to judge the 

transmission route. If the packet cannot be received by at least one sink 

app:ds:threshold%20value
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before the time value, then this packet with the alarm messages will be 

dropped or destroyed in the channel. 

 

Figure-9. The Process Flow for Multiple Sinks Data Collection 
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4.2 Algorithm for Sink Selection: 

By normal means, each source node will follow a TDMA based two-hop 

table dynamic routing protocol to a static single sink. The destination of 

each information packet is fixed by the node id of the single sink. When 

extending the topology to a multiple sinks network, more destinations 

will be added into the packet. 

Source Node ID Possible Sinks Routing Table Time Delay 

X S1 static routing table T1 

… … … 

Sn … Tn 

Table-3. The Structure of Sink Data Table 

A typical sink data table is shown above. Each sensor node will apply a 

space for this kind of sink data table and inside, a static routing table will 

follow. 

Here is an example with the source id of node 0: 

 
Figure-10. The SinkData Table stored in Node 0. 

From the sink data table, it is possible to obtain different time delays with 

different possible sinks. From this example, with a command of reading 

the sink data table, the source node will produce 5 packets with different 

destination sink ids written separately into them. Then the source node0 

will multicast these packets to those possible sinks. 
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4.3 Algorithm for getting the Data Table 

There are two means of obtaining the data table, one being for a 

transparent network, the other for non-transparent network. 

4.3.1 In transparent network 

In a normal transmission network, source nodes send packets following 

the two-hop table routing algorithm and based on this, the position of 

each single sink is already known. That is the reason that this method is 

defined as being transparent. Since the two-hop table routing protocol is 

a dynamic routing algorithm, all the records are limited into two hops. 

Including the time delay between these two hops, a moving track will 

also be found from the record. Therefore, the time delay can be calculated 

by each of the two hops records from the history routes. 

Figure-11 Node0 sends packets to Sink11, Sink12 and Sink10. 

  

t6 

t4 

t5 

t3 

t7 

t8 
t9 

t1 

t2 
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4.3.2 In Non-transparent Network 

If the network is envisioned as an unknown network then each source 

node will send a designed packet in a flooding way to all the nodes 

located in its arrangement.  

 
Figure-12 Node0 sends packets to Sink11, Sink12 and Sink10. 

By means of this type of method, all possible links and routes will be 

detected. 

 
Figure-13 A designed packet format for detection 

Figure 13 is showing a designed packet format sent from the source node 

to find the positions of the sinks and to trace the route from each source 

node to each possible sink. The source id is the id of the source node and 

the creation time is the time during which this packet is created. The 

maximum packet age is based on the time limitation during which this 

packet can be transmitted. The reception time is the time when each hop 

receives the packet, so the value of this block will be updated once it has 

been transmitted. The sink id is the id address written into the packet 

when a sink receives it.  
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The second line of the packet format from hop1 to hop5 is occupied by 

node ids. When a hop of a node transmits the packet, the node will 

become a judgment module. If there is an id address written in the packet 

which is the same as its own id, then the packet will be destroyed. If the 

time of transmission calculated by the “reception time- creation time” 

exceeds the maximum packet age value then, the packet will also be 

destroyed. By using this method, no repetition routings will occur. 

However, this method does not calculate the TDMA time delay. 

Therefore, the same design packet should be sent again from the source 

node to the fixed sink with the route which had been traced during the 

first round. 

This time, the source id refers to the id of the source node and the 

creation time refers to the time at which the packet is resent. The 

maximum packet age will change to the limitation time for the 

emergency calculation. The reception time will be written only when the 

sink receives the packet and the sink id refers to the sink detected during 

the last round.  

Following the routes written in the second line of the packet, the TDMA 

time delay will be calculated to the end-to-end time delay by means of 

this round.  

In this manner, the time delay can be calculated from the information 

written in the packet: 

 

4.3.3 Comparison 

Transparent Network: 

It is a directly way of obtaining two–hop routes and in calculating the 

time delays between each two hops from the record. However, the record 

is the past results based on the real-time TDMA table. From the record 

results, an average time delay will be calculated and listed into the sink 

data table. Although there is a limitation based on the position of the 

sinks, the time delay and the static routing table will be set to produce 

perfect reliability. 

Non-transparent Network: 
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This is a method of obtaining the static routing with a flexible topology 

and by this means, the network can be easily changed and thus it 

concerns conducting the initial testing work with a short periodicity. 

Since there are two rounds of sending the testing packets throughout the 

whole network, routes with a bad link quality will be dropped, so that 

the miss ratio will reduced by using this method. However, this method 

will take more time and more energy for testing the network in the initial 

part of system. 

4.4 Implementation on OPNET 

4.4.1 Network Model: 

In order to realize a multiple sinks data collection network, a small 

topology with 10 source nodes and 3 sink nodes is designed within a 

network model. 

In this research, the algorithm is implemented and simulated using two 

scenarios, both of which consist of 10 source nodes with the id from 0 to 9, 

and 3 sink nodes with the id from 10 to 12. As the Figure 14(a) shows it is 

a topology with the fundamental of a single sink data collection network. 

Figure 14(b), however, changes the topology by means of moving the 

source nodes and sink nodes randomly.  

 
Figure-14(a) A Topology with Multiple Sinks based on a Single Sink Network 
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Figure-14(b) ARandom Topology with Multiple Sinks 

4.4.2 Node Model: 

In this research, there are two functions for the nodes in a wireless sensor 

network. One is the source node whose function is in relation to 

transmitting packets to other nodes and receiving packets transmitted 

from other nodes. The other is the sink node whose function is in 

receiving packets sent only from other source nodes. 

In OPNET modeler, a hierarchical structure for the network can be 

designed in the node model using a cross layer method. In this research, 

only the processing layer is required to be designed and implemented at 

a high level of the network. However, characteristics in the mac layer and 

physical layer must also be adjusted at a low level in order to control the 

data transmission. 

Figure 15(a) shows the node model of the source nodes. There are 5 

blocks in this model. The source block stands for the source node. The 

rr_0 block imitates the transmitter and the rt_0 block imitates the receiver 

rt_0. The other two blocks are the antennae a_0 and a_1, which are added 

to extend the arrangement for wireless transmission. 
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Figure-15(a) A Node Model of Source Nodes 

 
Figure-15(b) A Node Model of Sink Nodes 

4.4.3 Process Model: 

The process model is the most important part of the implementation of 

the OPNET Modeler. The C language or C++ language is used to perform 

the programming in the Finite State Machine (FSM), which is an auto 

state transformation during simulation. 
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Figure-16(a) A Process model of Source nodes for Transparent Network 

 
Figure-16(b) A Process Model of Source nodes for Non-transparent Network 
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Figure-16(c) A Process Model of Sink nodes 

As Figure 16 shows, for the source nodes, two kinds of process model are 

established for both transparent and non-transparent networks. However, 

for the sink nodes, only one process model is designed for receiving the 

packet and performing some data treatment. 
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5 Results 
In this chapter, a performance for this routing algorithm will be 

evaluated and the result will be shown in the following. Compared with 

the single sink data collection network, the multiple sinks data collection 

network will save time sending packets to the sink and will thus increase 

the percentage of packet reception. 

If a noise is added to the background of the transmission, then the link 

qualities between the hops will be changed. 

 
Figure-17 Noise added to the transmission channel 

With a different link environment, the rates of the packet receptions are 

calculated separately. The method in relation to the reception rate 

calculation is to send 100 packets from different source nodes. Following 

this, the link quality is changed by adding noise to the channel. The 

results can be calculated by counting the number of packets received by 

each sink. 

 
Figure-18 Packet Reception Rate of Sink 10 
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Figure 18 shows the packet reception rate with a single destination of 10. 

The reception rate appears to be diverse and the average reception rate is 

calculated as being 0.444. 

 
Figure-19 Packet Reception Rate of Sink 11 

 
Figure-20 Packet Reception Rate of Sink 12 

Figure 19 and Figure 20 show the packet reception rate with a single 

destination of 11 and 12. The curves in this case appear to be more 

volatile than Figure 18 which has 0 values in the reception rates. In this 

case, the average reception rates are calculated as 0.17948718 and 

0.11965812. 
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Figure-21 Packet Reception Rate of Sink 10, 11 and 12 

Figure 21 shows the reception rate for a multiple sinks network and for 

this case the curve appears to be more flat. The reception rate for multiple 

sinks appears to be more reliable than that for the single sinks. The 

average reception rates for both a single sink network and multiple sinks 

network are now shown. 

 
Figure-22 Packet Reception Rate 

As shown in the figures above, the multiple sinks network will obviously 

increase the rate of packet reception. 
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6 Conclusion 
This research focus was on designing and implementing the multiple 

sinks data collection network in a wireless sensor network under an 

emergency condition. 

As we can be seen from the results, there is the possibility to lose the 

packets during transmission. When an emergency occurs, only sending 

the packet to a single sink will risk losing the packets and thus spending 

more time in searching a new route. Therefore, a multicast to sinks will 

obviously guarantee the reception of emergency packets. 

However, there are disadvantages in relation to this designed routing 

algorithm. Under normal conditions, the source nodes will send their 

packets to a single sink following a TDMA-based two-hop table routing 

protocol. In this way, a one-hop and a two-hop neighbor table will be 

stored in the sensor nodes. However, this multiple sinks routing 

algorithm will store more transmissions to each sensor nodes and thus 

more cost will be involved for each sensor, and more energy will be taken 

when transmitting the emergency packets. 

When implementing the routing algorithm with OPNET, two methods 

are used to calculate the end-to-end time delay. However, the time delay 

is the main standard for searching for the best correct sinks through the 

network. After obtaining the end-to-end time delay table, a table of 

possible sinks with different static routings and time delays should be set. 

By adopting this method, a multicast from a source node to multiple 

sinks will be implemented. 



Wireless Transmission method of Emergency 

Response 

Nan Chen 

An Implementation for

 Multiple Sinks Data 

Collection in WSNs 

2013-09-09 

 

30 

References 
[1]MujdatSoyturk, TurgayAltilar, “A Routing Algorithm for Mobile Multiple 

Sinks in Large-Scale Wireless Sensor Networks” IEEE, 2007 

[2] K. Yuen, B. Liang, B. Li. “A Distributed Framework for Correlated Data 

Gathering in Sensor Networks”, IEEE, 2006 

[3] Pham Tran AnhQuang, Dong-Sung Kim, “Enhancing Real-Time Delivery 

of Gradient Routing for Industrial Wireless Sensor Networks”, IEEE, 2012 

[4] Yanjun Li, Chung Shue Chen, Member, IEEE, Ye-Qiong Song, Zhi Wang, 

Member, IEEE, and Youxian Sun,” Enhancing Real-Time Delivery in Wireless 

SensorNetworks With Two-Hop Information”, IEEE VOL. 5, NO. 2, MAY 

2009 

[5] A. Das, D. Dutta. “Data Acquisition in Multiple-sink Sensor Networks”, 

Mobile Computing and Communications Review 9(3): 82-85 (2005) 

[6]OPNET Technologies, Inc, 2012: OPNET Modeler Documentation 

Set,Version:17.5. 

[7]https://en.wikipedia.org/wiki/Routing#Routing_algorithms_and_technique

s Last Modified: 2013.5.31 20:25 

[8] Wikipedia, “TDMA”, 

http://en.wikipedia.org/wiki/Time_division_multiple_access. 

Retrieved:2013-06-04. 

 

https://en.wikipedia.org/wiki/Routing#Routing_algorithms_and_techniques
https://en.wikipedia.org/wiki/Routing#Routing_algorithms_and_techniques
http://en.wikipedia.org/wiki/Time_division_multiple_access

