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ABSTRACT 

Despite technological improvements and stricter safety regulations, accidents are still too common in 

underground mining facilities which results in loss of lives, business and destruction of critical 

infrastructures. When disasters occur it can cause heavy damage to communication network, this would 

make it difficult to reach the outside world which could hinder rescue efforts.  As such a reliable and 

resilient communication with the outside world is very critical to reduce the rescue time and improve 

rescue effort.   This paper aims to propose a unique communication approach of deploying wireless mesh 

networks (WMNs) in underground mining facilities which can provide network access to aid rescue 

operation in the event of disaster.  The paper has the following objectives; evaluate how proactive and 

reactive WMNs protocol: OLSR and DYMO perform under stress test similar to emergency situation and 

also evaluate the impact on performance in relation to node density in the different WMN protocol.  In 

this paper, simulation is used to perform the evaluation.  From the simulation results, the paper suggests 

which protocol performs best and attempts to justify the adoption of WMN in underground facilities for 

emergency rescue situation. 

Keywords: wireless mesh networks, to communication network, mobile connectivity 

 

1.0 INTRODUCTION 

The world continues to experience disasters of a various magnitude causing loss of hundreds to thousands 

of lives, businesses and the complete destruction of critical infrastructures in the underground mining 

industry.   Underground mining processing facilities represent significant fire and explosion exposures to 

personnel, production equipment and buildings. From a personnel safety standpoint, underground mining 

has been by far the global loss leader in fatalities and injuries for all industries (NFPA, 2015). 

Despite technological improvements and stricter safety regulations, accidents are still too common in 

underground mining.  It is recently been reported in the news of the tragic event which occurred on  the 

May 2014, in Soma, Manisa, Turkey were a major mine collapse caused by an explosion and more than 

302 workers lost their lives in the collapse and at least 80 workers were injured (Arango and Fahim, 

2014).  When a disaster occurs in the mining industry, personnel are dispatched to the field to access the 

situation, plan a response and execute and monitor that response. Interoperability, coverage, and 

flexibility of first responder communication systems are among the most critical issues evident from such 

events.  

A strong disaster in underground mining can cause heavy damage to communication network, this would 

make it difficult to reach the outside world which could hinder rescue efforts.  Communication systems 

for crisis management and disaster recovery must be highly reliable and robust and should be able to 

function in potentially adverse and hostile environments.   Communication with the outside world is very 

necessary to reduce the rescue time and improve rescue effort.  

This paper aims to propose a unique communication approach of deploying wireless mesh networks 

(WMNs) in underground mining facilities which can provide network access to aid rescue operation in 
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the event of disaster.  The paper also has the following objectives; evaluate how proactive and reactive 

WMNs protocol: OLSR and DYMO perform under stress test similar to emergency situation based on the 

following performance metrics: throughput, jitter, end to end delay, packet loss rate, number of collision 

and signal to noise ratio and also evaluate the impact on performance in relation to node density in the 

different WMN protocol.    Since video message are very desirable in disaster rescue operation (NFPA, 

2015), it would be used in the experiment.   

The rest  of  the  paper  is  arranged  as  follows:  section  II  explains wireless mesh network,  section  III    

shows how wireless mesh network meet the  safety requirements of emergency rescue communication 

and  section  IV Discusses Methodology.  Section V shows the Simulation results and section VI handles 

the discussion of the results.  Finally section VIII concludes the paper. 

 

1.1 Wireless Mesh Network (WMNs) 

Wireless networking technology has become a phenomenal success in the past few years because of the 

rapidly decreasing cost of IEE 802.11 based hardware equipment and support for mobile connectivity.   In 

traditional WLAN network, clients connect to the wireless access points that are interconnected by a 

wired backbone network.  As such, the wireless network has only a single hop of the end to- end path.  To 

achieve wide area coverage, the network would require numerous fixed access points and their 

interconnected wiring for the backbone network. This makes deploying large scale WLANs is costly and 

time consuming. 

In comparison, WMNs provide wireless network coverage of large areas without relying on either a wired 

backbone or dedicated access points infrastructures.  In WMNs, collection of wireless mesh routers, 

usually implemented using commodity IEEE 802.11 hardware, provide network access to wireless clients 

as shown in fig. 1 below. 

Communication between mesh routers is wireless usually involving multiple wireless hops. Mesh routers 

connected to the internet can serve as gateways and provide Internet connectivity for the entire WMN. 

The main difference between a traditional WLAN is that the wired backbone is replaced by a wireless 

multi hop network (Portmann and Pirzada, 2011).   

WMNs are dynamically self-organized and self-configured, with the nodes in the network automatically 

establishing an ad hoc network and maintaining the mesh connectivity. Through multi-hop 

communications, coverage can be achieved by a mesh router with much lower transmission power.  

Instead of being another type of ad-hoc networking, WMNs diversify the capabilities of ad-hoc networks.  

This feature brings the following advantages to WMNs; low setup cost, easy network maintenance, 

robustness, reliable service coverage, etc (Akyildiz and Wang, 2005). 

Since WMNs automatically derives the best access path for each device and adjusts on the fly for failed 

connection, it provides the highest probability of continuity of operations in a disaster situation. Also it 

offers redundant connection points enabling alternate routes for data packets if one or more connection 

points are disabled (Yarali, Ahsant and Rahman, 2009). 

 

Nwamae …. Int. J.  Inno. Scientific & Eng. Tech. Res. 5(4):35-50, 2017 

 

 

Ok 

   



37 
 

 

Fig 1 – Wireless mesh network (ILLEST, 2011) 

The two types of WMNs routing protocols; DYMO and OLSR are evaluated in this paper to see how they 

perform under stress test.   

 

DYMO 

Dynamic On-demand Routing Protocol (DYMO) is a recently proposed protocol defined in Internet 

Engineering Task Force (IETF) Internet-Draft (Perkins, Ratliff and Dowdell, 2013). In DYMO, network 

topology are not explicitly stored. Rather, nodes compute a unicast route towards the desired destination 

on-demand (only when needed) this is why it is a reactive routing protocol. It discovers multi-hop unicast 

routes on-demand in a dynamic network topology.   DYMO was designed to dynamically handle changes 

in the network. DYMO consists of two operations: route discovery and route maintenance (Perkins, 

Ratliff and Dowdell, 2013). 

Route Discovery - In this operation, when a node wants to send packet to a target node whose entry does 

not exist in its routing table, the source node initiates a broadcast of Route Request (RREQ) message in 

the network until it reaches the destination.  Each intermediate nodes participates in hop-by-hop flooding 

of this message and records a route to the originator, called reverse path.  When the target node receives 

this RREQ message,  it  responds with  a  Route  REPLY (RREP)  message  unicast  towards  the  

originating  node.  Each node receiving this message creates a route to the destination node and finally 

this RREP message arrives at the originator of the RREQ message. (Sagar et al., 2011) 

 

Figure 2   Route Discovery (Bisoyi and Sahu, 2010) 
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In fig. 2, Node 2 wants to communicate with node 9. Each node forwarding the RREQ creates a reverse 

path or route to 2 used when sending back the RREP. When sending back the RREP, nodes on the reverse 

path create routes to node 9. (Bisoyi and Sahu, 2010)  

Route Maintenance – Nodes in WMNs maintain their routes and monitor the links for routing network 

traffic in order to respond to the changes in network topology.  When a change occurs in the network, a 

Route Error (RERR) message is sent toward the packet source to indicate the link or route to that target 

destination is invalid or missing.  On receiving the RERR message, the source's node deletes the route and 

performs route discovery to deliver the remaining packets. Sequence numbers are used by DYMO to 

ensure loop freedom so that the order of DYMO route discovery messages is determined.  

 

Fig 3 Generation and dissemination of RERR messages in Route Maintenance. (Bisoyi and Sahu, 

2010) 

 

From fig. 3 the link between nodes 6 and 9 breaks, and node 6 generates an RERR. Only nodes having a 

route table entry for node 9 propagate the RERR message further.  

OLSR  

Optimised link state Routing Protocol (OLSR) is a proactive and link state routing protocol.   Every node 

of the network maintains a routing table. When a route is needed, the route table is immediately available 

(Mittal and Singh, 2013).  OLSR uses hop-by-hop routing as each node uses its local information to route 

packets.   It optimizes the pure link state protocol by forwarding topology information via selected one–

hop neighbor nodes called multipoint relays (MPRs).   Only MPRs retransmit the broadcast message.  

This approach reduces the number of retransmissions and facilitates efficient flooding of control 

messages in the network (Qayyum, Viennot and Laouiti, 2006). Only nodes  which  have  been selected  

as  MPRs  by  some  neighbor  node  can announce the  link  state  information periodically  in their  

control messages.  As such a node announces to the  network, that it has  ability  to reach the nodes  

which  have  selected  it  as  an MPR (Qayyum, 2000). 

OLSR is applicable to large and dense mobile networks. OLSR is well suited for networks, where the 

traffic is random and sporadic between a larger set of nodes rather than being almost exclusively between 

a small specific set of nodes. OLSR is also suitable for scenarios where the communicating pairs change 

over time: no additional control traffic is generated in this situation since routes are maintained for all 

known destinations at all times (Jacquet et al., 2001). 
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Fig 4. Example of OLSR routing (Jain, 2013) 

 

1.3 How WMNs meet the Standard for the Public Safety Communication Requirement 

The SAFECOM (program of the US Department of Homeland Security) recently issued a Statement of 

Requirements (SoR) for public safety wireless communication (SAFECOM, n.d.). The requirements are 

in two categories: functional and performance requirements.  Functional requirements include; 

interoperability, voice and data support, mobility support and security.  Whereas Performance 

requirements include: robustness, scalability and Quality of service. 

 

Table 1. WMN compliance with Public safety communications requirements Based on a coarse 

rating system rating of 5 

Functional Requirements Compliance level 

Interoperability 4 

Voice and data service support 5 

Mobility Support 4 

Security 4 

Performance requirements  

Robustness 5 

Scalability 3 

Quality of Service 2 

Source: Portmann and Pirzada, 2011.   
 

Table 1. Shows that WMNs satisfactorily meets five out of the seven parameters for public safety 

network. Therefore, WMNs is complaint with Public safety communications requirements. 

  

1.5 METHODOLOGY 

Performing this kind of experiment in real life is very expensive and challenging.  As such simulation is 

adopted for the experiment.   The most recent version of Omnet++ 4.6 version for windows is used for 

this simulation.  Simulation is run in GUI environment using tkenv.  The simulation consists of fixed 

node, mesh node and mobile nodes.  The nodes are spread randomly over the network without using any 

mobility model.  UDP video message size is 10 Megabytes.  The simulation area is 1000 m X 1000 m 

with two different scenarios which include:  1 fixed node, 20 mesh nodes and 100 mobile nodes, and 1 

fixed node, 50 mesh nodes and 100 mobile node. The simulation time is 120 seconds.   The fix node 

would acts like the gateway to the outside world for the stress test in all the scenarios.  In all scenarios, all 
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other nodes in the network would be simultaneously transmitting video UDP packets to the fixed node.  

The simulation uses 5.2 GHZ channel frequency.  Also, the routing protocols used is DYMO and OLSR. 

All the nodes in this network are stationary. 

 

 

Fig 5 – Wireless mesh node simulation with 100 mobile nodes, 20 mesh nodes and 1 fixed node 

 

Fig. 5 shows network simulation in progress in tcl/tkenv graphical environment. 

 

Performance Analysis metrics 

The performance metric is explained below: 

a) Throughput – Throughput is rate of successfully received packets per unit time at each node.  It 

is measured in bytes/sec or bits/sec. A high throughput is absolute choice in every network. 

Throughput can be represented mathematically as in equation below: 

Throughput                

= 

number of bytes received 

 Simulation time 
 

b) Jitter  

Jitter in standard term is packet delay variation (PDV). It is a variation in latency.  It measures 

variability over the time of packet latency across the network. It is very important when QOS is 

desired of a network.  It is measured in picoseconds peak-to-peak (ps p-p) that is the p-p average over 

a 30- or 60-s duration (http://electronicdesign.com/communications/jitter-and-its-measurements) 
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c) End to End delay 

End to End delay is defined as the time it takes the transmitted packet to reach its destination. It is 

measured in miliseconds. 

 dend_to_end = N(dtrans+ dprop + dproc) 

Where 

dend_to_end = End to end delay 

dtrans = Transmission delay 

 dprop = Propagating delay 

dproc = Processing delay 

 

d) Loss Rate:  

Packet loss rate is the rate of packet loss in the network. It is given as: 

Packet lost = Number of packet send – Number of packet received 

 

e) Number of Collisions 

Number of collision is count of the number of packet collision which occurs in a network when two 

or more nodes are transmitting at the same time. 

 

f) Signal to Noise Ratio 

Signal-to-noise ratio metric measures the level of a desired signal  in relation to the level of 

background noise in the background. It is measured in decibels (dB). 

 

1.5 SIMULATION RESULTS  
a) Throughput 

 

Fig. 6  Throughput of for the network for both scenario 1(fixed node=1, host node= 20, mobile node=100) and 

scenario 2 (fixed node=1, host node= 50, mobile node=100) 

In fig. 6, the blue curve is represents DYMO scenario 1, red curve is DYMO scenario 2, green curve is for 

OLSR scenario 1 and yellow curve is for OLSR scenario 2.  Observe that the DYMO for both scenario 1 

and 2 starts from 20 seconds, whereas OLSR for both scenario starts from 1 second.  For DYMO in both 

scenario 1 and 2 starts and peak 20 seconds, but sharply decreases and steadies towards zero during the 

simulation. 
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Whereas OLSR in both scenario 1 and 2 starts at 2 seconds. OLSR scenario 1 rises and attains its highest 

peak 8000 bits/s at 6 seconds, then decreases. It hits another peak above 6000bits/s and continues to 

decreases to less than 2000 bits and remains at that rate. 

OLSR scenario rises and reaches its highest peak above 6000 bits/sec at 22 seconds and continues 

fluctuating above 4000bits/s.  

 

b) Jitter  

 

 

Fig. 7 - Jitter metric for the network for both scenario 1(fixed node=1, host node= 20, mobile node=100) and 

scenario 2 (fixed node=1, host node= 50, mobile node=100) 

In fig. 7, the yellow curve is represents DYMO scenario 1, Red curve is DYMO scenario 2, blue curve is 

for OLSR scenario 1 and green curve is for OLSR scenario 2.  DYMO for scenario 1 and 2 starts very 

high jitter at 0.030 picoseconds and continues to decreases and remains steady in the simulation. 

OLSR for scenario 1 and 2 starts from zero jitter and reaches 0.005 picoseconds at 22 seconds and 

fluctuates and remains steady at 0.002 picoseconds during the simulation.  

 

 

 

 

 

 

Nwamae …. Int. J.  Inno. Scientific & Eng. Tech. Res. 5(4):35-50, 2017 

 

 

Ok 

   



43 
 

c) End to End delay 

 

Fig. 8 - End to End Delay for the network for both scenario 1(fixed node=1, host node= 20, mobile node=100) 

and scenario 2 (fixed node=1, host node= 50, mobile node=100) 

In fig. 3, the yellow curve is represents DYMO scenario 1, green curve is DYMO scenario 2, red 

curve is for OLSR scenario 1 and blue curve is for OLSR scenario 2.  From the graph all the 

curves start high from 20 seconds and sharply reduces and steadies.  

For DYMO scenario 1 and 2, the both remain steady at about 0.0014milisec.  Whereas and 

OLSR scenario 1 fluctuates at 0.0022 millisecond and OLSR scenario 2 fluctuates at 0.0024 

milliseconds 
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d) Loss Rate 

 

 

Fig. 9 Loss Rate for the network for both scenario 1(fixed node=1, host node= 20, mobile node=100) and 

scenario 2 (fixed node=1, host node= 50, mobile node=100) 

In fig. 9, the red curve is represents DYMO scenario 1, green curve is DYMO scenario 2, blue curve is for 

OLSR scenario 1 and yellow curve is for OLSR scenario 2.  

DYMO scenario 1 and 2 starts very high at 20 seconds on the X axis and immediately drops and attains a 

steady value over 5% of packet loss.  Whereas OLSR for both scenario 1 and 2 starts at 6s. OLSR 

scenario continues to increase and peaks at 12% and continues to fluctuate and remains at that level. 

OLSR scenario 2 attains a little over 5% and continues up to 8% in the simulation 

 

 

 

 

 

 

 

 

 

Nwamae …. Int. J.  Inno. Scientific & Eng. Tech. Res. 5(4):35-50, 2017 

 

 

Ok 

   



45 
 

e) Number of Collisions 

 

Fig. 10 Number of Collison for the network for both scenario 1(fixed node=1, host node= 20, mobile 

node=100) and scenario 2 (fixed node=1, host node= 50, mobile node=100) 

In the mesh basic node; DYMO scenario 1 had about 1400 packet collisions, DYMO scenario 2 

had 1000 packet collisions, OLSR scenario 1 had 2500 packet collisions and OLSR scenario 2 

has the highest of 4500 packet collisions. 

In the fixed host node; DYMO scenario 1 had about 400 packet collisions, DYMO scenario 2 

had 200 packet collisions, OLSR scenario 1 had 2600 packet collisions and OLSR scenario 2 has 

the highest of 3200 packet collisions.  

In the mesh host node; DYMO scenario 1 and 2 both had about 1200 packet collisions, OLSR 

scenario 1 had the 2700 packet collisions which is the highest and OLSR scenario 2 has 2200 

packet collisions.  
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f) Signal to Noise Ratio 

 

Fig. 11 - Signal to noise ratio for the network for both scenario 1(fixed node=1, host node= 20, mobile 

node=100) and scenario 2 (fixed node=1, host node= 50, mobile node=100) 

In fig. 11, the red curve is represents DYMO scenario 1, green curve is DYMO scenario 2, blue curve is 

for OLSR scenario 1 and yellow curve is for OLSR scenario 2.  

In DYMO scenario 1 and 2, Signal to noise ratio is observed from 20 seconds. DYMO scenario 1 starts at 

28 dB at 20 seconds and gradually drops and remains steady at about 21dB. DYMO scenario 2 starts at 

21db and continues throughout the simulation time. 

In OLSR both scenario 1 and 2 starts at 2 seconds at 21 db. OLSR scenario 1 dips dB at 21 seconds and 

steadies at 20dB.  OLSR scenario 2 only dips to 19dB at 40s and remains steady at about 20dB.  

 

1.6 DISCUSSION OF RESULT 

The first node in the network actually starts sending the video data stream from 20s, because DYMO is a 

reactive routing protocol which only starts route discovery when there is need to route data.   As such, we 

observe that the curve in graph starts from 20s for all DYMO scenarios.  Whereas the OLSR curves starts 

from 2s seconds in most of the graph because it is a proactive routing protocol which setups up a routing 

table before there is need for data to routed. 
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a) Throughput 

Table 2- Overview how the throughput metric compare against routing protocol and node density. 

 DYMO OLSR 

Scenario 1  

(fixed node=1, host node= 

20, mobile node=100) and 

scenario 2  

 

Very low low 

Scenario 2  

(fixed node=1, host node= 

50, mobile node=100) 

Very low  High  

 

The throughput is very low in DYMO routing network as a result of the overhead it incurs during route 

discovery and route maintenance compared to OLSR routing which only triggers update through its MPR 

only when there is a change in the network (Qayyum, Viennot and Laouiti, 2006).  Generally because of 

their low throughput, both DYMO and OLSR cannot be relied on for real time communication.  From the 

result it is observed that increase in node density in DYMO is insignificant to the throughput, whereas 

increase in node density is significant to increase in throughput. 

 

b) Jitter 

Table 3- Overview how the jitter metric compare against routing protocol and node density. 

 DYMO OLSR 

Scenario 1  

(fixed node=1, host node= 20, 

mobile node=100) and 

scenario 2  

 

Very Low Low 

Scenario 2  

(fixed node=1, host node= 50, 

mobile node=100) 

Very low Low 

Jitter is low in wireless mesh network with both OLSR and DYMO as observed by Licandro and 

Schembra (2007).  From table 3, it is observed that DYMO has lower jitter compared to OLSR. Increase 

in node density has little significance in lowering the jitter in OLSR 

 

c) End to End Delay 

Table 4 - Overview how the end to end delay metric compare against routing protocol and node 

density. 

 DYMO OLSR 

Scenario 1  

(fixed node=1, host node= 

20, mobile node=100) and 

scenario 2  

 

Low High 

Scenario 2  

(fixed node=1, host node= 

50, mobile node=100) 

Low  Highest 

From table 4, DYMO has low end to end delay compared to OLSR this aggrees with the result of Wasiq 

et al., (2013). Increase in node density significantly increases end to end delay only in OLSR. 
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d) Loss Rate 

Table 5 - Overview how the loss metric compare against routing protocol and node density. 

 DYMO OLSR 

Scenario 1 

(fixed node=1, host node= 

20, mobile node=100) and 

scenario 2  

 

Low Highest 

Scenario 2  

(fixed node=1, host node= 

50, mobile node=100) 

Low High 

 

From table 5, DYMO has lower loss rate compared to OLSR. Increase in node density slightly reduces 

the loss rate in OLSR.  Generally the loss rate is high because all the nodes send and receive data on the 

same channel. 

 

e) Number of Collisions 

Table 6  - Overview how the number of collision metric compare against routing protocol and node 

density. 

 DYMO OLSR 

Scenario 1 

(fixed node=1, host node= 

20, mobile node=100) and 

scenario 2  

 

Low High 

Scenario 2 

(fixed node=1, host node= 

50, mobile node=100) 

Lowest Highest 

 

Generally the number of collision is high in the simulation because the all use the same channel for 

communication in the network. However, the number of packet collision is higher in OLSR compared to 

DYMO. In addition, increase in node density reduces number of collisions in DYMO, but increases the 

number of collision in OLSR. 

 

f) Signal to Noise ratio 

Table 7 - Overview how the signal to noise metric compare against routing protocol and node 

density. 

 DYMO OLSR 

Scenario 1  

(fixed node=1, host 

node= 20, mobile 

node=100) and scenario 2  

 

Highest Lowest 

Scenario 2  

(fixed node=1, host 

node= 50, mobile 

node=100) 

Low Low 
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From the table 6, it is observed that as the increase in node density slightly reduces the signal to noise 

ratio in DYMO network.  Whereas in OLSR increase in node density has little impact on the signal to 

noise ratio. With time, the signal ratio remains constant in the network for both DYMO and OLSR. 

 

1.7 CONCLUSION 

The two protocols OLSR and DYMO were evaluated in this research work under the stress test.  The 

comparison has been made over six set of performance metrics and variation in node density.  The 

performance metric includes; throughput, jitter, end to end delay, loss rate, number of packet collisions 

and signal to noise ratio. Based on the results from this simulation, DYMO performs better than OLSR in 

the following performance metric; jitter, end to end delay, packet loss rate and number of packet 

collisions.  Whereas OLSR performs better than DYMO in throughput and signal to noise ratio. As node 

density increases there is significant improvement in OLSR, but DYMO experiences less impact.  As 

such DYMO performs well for small mesh node density and should be deployed for small network 

coverage and node density.  OLSR performs better with increase in node density as such should be used 

for large scale networks with high node density. 

Finally, DYMO and OLSR routing in wireless mesh network performed well under the stress test and 

meet some of the standard requirement of emergency response system as such they can be relied upon in 

emergency situations and should be deployed in underground mining facilities for emergency situations. 
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