
  IPTEK The Journal for Technology and Science, Vol. 29(2), August. 2018. 2088-2033 (pISSN: 0853-4098) 49 

 

Performance Analysis of Various Routing Protocols in 3D Body 
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Abstract⎯Wireless Body Sensor Network (WBSN) is a connectionless architecture used to monitor health of a patient or an 

athlete. Various routing strategies have been proposed to increase the network lifetime. In this work, we have compared some 

well known ad-hoc network routing protocols like DYMO, DSR, ZRP and LAR1 in WBSN. WBSN works in a small area like 

Bluetooth or Zigbee. Few gateway nodes are also considered to route the traffic. The simulations have been performed using 

Qualnet 6.1. Various parameters like jitter, throughput, end to end delay, packet delivery ratio has been used for comparison. 

Results revealed that ZRP have least end to end delay (0.2) and jitter (0.1), but have low throughput i.e. 2362 b/s as compared to 

DYMO and DSR i.e. 2752 b/s and 3026 b/s. 
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I. INTRODUCTION1 

BSN consists of wireless sensors placed around or 

in a human body that are used to exchange 

important information to remote stations [1]. Figure 1 

depicts how sensor nodes can be used to sense data and 

transmit it through internet.  Very specific requirements 

have been placed on nodes [2]. It should be small, 

consumes low power and reliable [3-4].  Due to varieties 

of components in WBSN, it is able to perform sensing 

work in military, healthcare, emergency, research, 

lifestyle, sports etc. Medical application of WBSN 

continuously monitor the patients, if any abnormal 

condition is detected, the information is immediately 

transmitted to doctor. In non-medical applications 

                                                           
1 Deepak Sethi is with College of Engineering and Technology, Mody 

University of Science & Technology, Lakshmangarh, 

332311,Rajasthan, India. Email: deepaksethi@live.in 
2 Partha Pratim Bhattacharya is with College of Engineering and 
Technology,Mody University of Science & Technology, Laksh-

mangarh, 332311, Rajasthan, India. Email: hereispartha@gmail.com 

especially in military, WBSNs are used to prevent 

sensitive information from being caught by enemies. 

Various applications have been discussed in [1-7]. Few 

of them are categorized and illustrated in figure 2. 

WBSN perform in three-tier architecture as shown in 

figure 3. Tier-1 will serve as intra-WBAN 

communication and Tier-2 and Tier-3 will serve as inter-

WBAN communication. 

   II. ROUTING TECHNIQUES 

In this work, Mobile Ad-hoc NETwork (MANET) 

routing protocols are used in WBSN. Short introduction 

of them are as follows.  

 

A. Dynamic Source routing protocol (DSR)   

DSR is an on-demand routing technique used in 

MANETs [8]. Route  discovery  and  route  maintenance  

are the mechanisms which works  together  to  allow  

nodes  to  discover  and  maintain  source  routes  to 

destination. 

  For transmitting a packet from source to destination, it 

first checks the route in its route cache. If the route 

exists, then the same route is used. Otherwise, a route 

discovery process is initiated by broadcasting the route 

discovery message. DSR uses route request, route reply 

and route error packets for requesting, updating and 

maintaining the routes [14]. For avoid loops, it also 

supports multiple routes. 

 

B. Location Aided Routing (LAR1)  

When we want to send the route request to a specific 

area which contains the destination, LAR is used [9]. It 

also contains the GPS information. During route 

discovery in LAR1, source node calculate expected zone 

and then define a request zone. Only the node in the 

request zone forwards the packet. If it reached the 

destination node within timeout period, it will send a 

route reply message otherwise source initiate flooding 

technique. 

W 

Figure. 1. Sensor nodes Deployment in Human Body  
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Wireless Body Area Network 

 

Medical                                                                                                                         Non-Medical 

 

Wearable WBAN    Implant WBAN                  Remote control of medical devices                               

       Sleep staging                         Cancer Detection           Ambient assistant living               

       Asthma                                  Cardiovascular               Patient monitoring 

                                                              Diseases                 Tele medicine system 

       Sports Training                                                        

       Wearable Health Monitoring 

                                                       

                                                             Real Time                Entertainment                   Emergency 

                                                             Streaming                 Application                  (Non-Medical) 

Figure. 2. Various applications of WBSN 

 

 
C. DYnamic MANET On Demand Routing Protocol 

(DYMO) 

DYMO is an expansion of AODV proposed by Perkins 

& Chakeres [3]. It implements three messages during 

routing operation; Route Request (RREQ), Route Reply 

(RREP) and Route Error (RERR). It also uses a sequence 

number which is a unique integer assigned to each packet 

to ensure orderly and loop free delivery of packets to 

destination. Route discovery is similar to AODV with 

addition of making a backward path. Route maintenance is 

similar to other routing protocols by generating RERR 

messages. The advantages of DYMO protocol are energy 

efficient, less overhead, low memory consumption, works 

efficiently on large network with high mobility. But, it 

does perform well when the traffic is low. 

 

D. Zone Routing Protocol (ZRP) 

ZRP is a hybrid protocol [11] i.e. it works like proactive 

routing (inside the zone), reactive routing (outside the 

zone) and bordercasting( for construction of map) 

technique. ZRP includes protocols such as IntrA-zone 

Routing Protocol (IARP), IntEr-zone Routing Protocol 

(IERP) and Bordercast Resolution Protocol (BRP). Various 

routing techniques have been developed. Some of them are 

discussed as follows. 

In [14], an energy efficient network coding approach for 

cooperative solution is proposed using decode and forward 

relays sensor nodes. The different messages coming from 

different sources are combined and generate one message 

for whole messages by relay node. And then, generated 

messages are transmitted to the destination, this scheme is 

called decode and forward-network coding (DF-NC). Here, 

relay node works in half-duplex mode. Using this 

approach, minimum energy is consumed over other 

existing non network coding approach, because DF-NC 

requires only one time slot to forward the message and use 

direct transmission for WBANs. So, maximum energy is 

 

Figure. 3. A Three-Tier Architecture of WBSN  
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utilized and less time is required to transmit the sensed data 

from source to destination. In [15], authors N. Javaid and 

others proposed LAEEBA and COLAEEBA routing 

protocols to improve the network lifetime, energy 

consumptions as well as path loss of network in WBANs. 

There is a forwarder node in LAEEBA (Link Aware 

Energy Efficient Routing for Body Area), which is selected 

on the basis of residual energy of the sensor nodes. While, 

COLAEEBA (Cooperative Link Aware Energy Efficient 

Routing for Body Area) works on the basis of cooperation, 

and source nodes are utilized more than one link at the 

same time. In [16], authors proposed a dynamic resource 

allocation scheme to avoid the interferences amongst 

coexisting WBAN, using a table in which activity of nodes 

interference are updated. Authors also provide a 

mathematical analysis to validate its efficiency and a 

probabilistic approach to reduce the interference level. To 

avoid interferences among WBANs, a complete orthogonal 

channel is assigned to all sensor nodes in the network and 

at the same time, other sensor nodes re allowed to use the 

whole time slot until all are occupied. So this proposed 

scheme is efficient to reuse the channel and as well as 

maintain the interference level among sensor nodes in 

WBANs. In [17], a priority based energy aware routing is 

proposed, that effectively transfer the information to the 

sink node with supporting the mobility nature, in WBANs. 

A parent node is selected based on the cost function, 

considering priority, residual energy and distance of node. 

The distance factor helps in packet delivery from child to 

forwarder node and priority helps to select the best path to 

forward the critical data. In [18], a cluster based routing 

protocol is proposed by author to increase the stability of 

network and decrease the energy consumption of sensor 

nodes in WBANs, inspired by modleach protocol of 

WSNs. Single hop and multi hop communication is used to 

send the emergency and normal data respectively to the 

sink node. Threshold value is used to select the cluster 

head. It will remain cluster head for next round, if energy 

of cluster head is greater than threshold value. So, there is 

no need to select the new cluster head and in this way, 

energy is saved. In [19], authors design an improved 

routing protocol for effective data transmission and 

consider even energy consumption called ‘Even Energy 

Consumption and Back Side Routing Protocol’ (EECBSR). 

The main objective behind this routing technique is to 

increase the lifetime of network, energy efficiency and 

path loss of node located at the back side of body. Its aim 

to reduce the problem arises in M-ATTEMPT, like not 

support the mobility and operation runs parallel in this 

work. 

Since, WBAN is a human monitoring system to detect 

the physiological sign of the body, in which battery 

constraints sensor nodes are implanted.  Successfully 

transmission of sensed data to the destination is very 

important. Here, few routing protocols have been 

compared. Simulation has been performed in Qualnet 6.1. 

These protocols are compared and simulated in different 

scenarios as given in [8, 11]. 

III. SIMULATION AND IMPLEMENTATION 

In this work, simulation has been performed in Qualnet 

6.1 using IEEE 802.15.4 framework. This framework was 

applied on WBAN. The IEEE 802.15.4 standard is adopted 

as a communication protocol for LR-WPAN which 

supports low data rate, less power consumption and short 

transmission distance. IEEE 802.15.4 is the basis for the 

Zigbee enabled WSNs. QualNet version 6.1 facilitates 

scalable simulations of WBAN. QualNet simulates the 

802.15.4 protocol in PHY and MAC layers. The simulation 

determines the number of packets generated at source and 

those received at sink node, and also whether how many 

packets were dropped while accessing for the channel. The 

other important QoS parameters determined by simulation 

include network lifetime, delay, throughput, and number of 

alive nodes in the network. Figure 4 shows basic interface 

model for QualNet. It consists a number of components 

and processes. A three-dimensional body structure is 

assumed having dimensions 0.8m*1.8m*0.25m 

corresponding x,y,z values. 12 nodes (11 nodes + 1 sink) 

are placed on the front side of body and 4 nodes are 

deployed on back side. Deployments of various nodes on 

body have shown in Table 1. Figure 5 and figure 6 depicts 

2-D and 3-D view of node communication. All nodes will 

communicate to sink through shortest available route. 

 

      
 

 

Figure. 4. QualNet Interface 

 

 
Plots, graphs etc. .config 

Simulation results, 

plots etc. 

Event and 

packet tracer 

 

 
Network Protocol Stack 

Performance  
Metrics 

Configuration via GUI 

or .config file 



  IPTEK The Journal for Technology and Science, Vol. 29(2), August. 2018. 2088-2033 (pISSN: 0853-4098) 52 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure. 6.  3D View of Node Communication 

 
TABLE 2. 

 SIMULATION INPUTS 

Parameters Inputs 

Channel Frequency  2.4 GHz 

Time taken for Simulation  1 hr 

MAC protocol IEEE 802.15.4 
Antenna type Omni directional 

Radio Type IEEE 802.15.4 

Packet reception model PHY 802.15.4 
Routing Protocol LAR1, ZRP ,DYMO,DSR 

Network Protocol IPv4 

Beacon order 5 
Super frame order 3(fixed) 

Application Traffic generator 

CCA mode Carrier-sense 
Energy Model MICAZ 

 

Table 2 showed thirteen input parameters used in this 

simulation and their inputs. They are channel frequency, 

simulation time, protocol used, packet reception model, 

routing protocol, network protocol, beacon protocol, super 

frame order, application, CCA mode, and Energy model. 

The output parameters are packet delivery ratio, 

throughput, average end to end delay and jitter. A body-

area-network link should support bit rates between 10 kb/s 

and 10 Mb/s, the maximum radiated transmitter power 

should be 0 dBm (or 1 mw). These parameter were set for 

carrying out the simulation. 

TABLE 1. 

 NODE DEPLOYMENT 

Node Position (X,Y,Z) 
Node 1 (Sink) (0.45, 0.95, 0.00) 

Front Side Node 

Node 2 (0.45, 1.68, 0.00) 

Node 3 (0.35, 0.95, 0.00) 
Node 4 (0.35, 0.60, 0.00) 

Node 5 (0.35, 0.13, 0.00) 

Node 6 (0.57, 0.48, 0.00) 
Node 7 (0.56, 0.75, 0.00) 

Node 8 (0.75, 0.63, 0.00) 
Node 9 (0.64, 1.05, 0.00) 

Node 10 (0.55, 0.16, 0.00) 

Node 11 (0.35, 1.60, 0.00) 
Back Side Nodes 

Node 12  (0.43, 1.25, -0.25) 

Node 13  (0.65, 1.25, -0.25) 
Node 14  (0.55, 0.90, -0.25) 

Node 15  (0.61, 1.11, -0.25) 

Node 16 (0.59, 1.17, -0.25) 

 

 

Figure. 5. 2D View of Node Communication 
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IV. RESULTS 

Figure 7 depicts total number of messages received by 

the sink in the simulated time which is taken as 60 minutes. 

DSR outperforms other routing techniques such as DYMO, 

LAR1 and ZRP. DYMO performed better as compared to 

LAR1 and ZRP but lesser than DSR. 

Lower the value of end to end delay, higher the 

performance. Figure 8 illustrated that ZRP had lowest 

average unicast end to end delay and DYMO had highest 

average unicast end to end delay. Throughput is defined as 

total number of packet received divided by total number of 

packets sent. It is measured in bits per second (b/s) [8]. The 

throughput of various protocols has been compared. 

Simulation results showed that DSR have better throughput 

as compared to other protocols with in simulated time as 

shown in figure 9. Jitter defines time difference between 

successive packet arrival which is caused due to network 

congestion, timing drift or route changes. It should be low. 

DYMO has had highest jitter value as compared to other 

routing protocols, while DSR, ZRP and LAR1 have very 

less jitter below 0.5 as shown in figure 10. Table 3 showed 

comparative analysis of DYMO, ZRP, DSR and LAR1 

with respect to parameters such as total unicast message 

received, throughput, jitter, end to end delay.  

 

 

Figure. 7.  Comparison of various protocols w.r.t. total unicast message received 

 

Figure. 8.  Comparison of various protocols w.r.t. average unicast end to end delay (s)  

 

Figure. 9.  Comparison of various protocols w.r.t. throughput(b/s) 

Total Unicast messages received
(messages)

24698 21211
27164

19676

DYMO ZRP DSR LAR1

Average Unicast End to End
Delay (seconds)

2.93

0.24460.87560.4924

DYMO ZRP DSR LAR1

Throughput (bits/sec)

2752.48
2362

3026.72
2191.96

DYMO ZRP DSR LAR1
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Figure. 10.  Comparison of various protocols w.r.t. jitter (s) 

TABLE 3.  

COMPARISON OF VARIOUS PROTOCOLS BASED ON VARIOUS PARAMETERS 
Protocols Total Unicast messages received 

(messages) 

Average Unicast End to End Delay 

(s) 

Throughput (b/s) Jitter(s) 

DYMO 24698 2.93 2752.48 4.56 

ZRP 21211 0.2446 2362 0.166 

DSR 27164 0.8756 3026.72 0.4356 

LAR1 19676 0.4924 2191.96 0.20744 

 

V. CONCLUSION 

In this work, various MANET routing protocols have 

been compared with respect to WBSN. The comparisons 

have been shown in terms of total unicast message 

received, throughput, jitter, end to end delay. Results 

showed that ZRP, which works like Intrazone and 

Interzone routing performed better as compared to other 

protocols (DSR, DYMO and LAR1). ZRP have least end 

to end delay (0.2) and jitter (0.1), but have low throughput 

i.e. 2362 b/s as compared to DYMO and DSR i.e. 2752 b/s 

and 3026 b/s. DSR have highest number of packets 

received (27164) as well as throughput (3026.72 b/s). 

LAR1 have less jitter (0.2) and end to end delay (0.4) as 

compared to DSR and DYMO. The throughput and packet 

delivery ratio of DYMO is least as compared to other 

routing techniques. 
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