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Abstract Wireless Sensor Networks is the heart of the 

Internet Of Things having Low Energy and limited 

Bandwidth. Wireless Personal Area Networks 

implementing IEEE 802.15.4 protocol for low date rate and 

energy conserving networks. In this paper an attempt has 

made to investigate the impact of IEEE 802.15.4 protocol 

for varying de-facto parameter of Buffer, Beacon 

Interval(in times) & Back Off  Transmission and observing 

performance of QoS Metrics using Cooja Simulator and 

contiki operating system. Here the Buffer values are varied 

from 40000 to 80000, Beacon interval increased from 1 to 5 

times and Back-Off-Transmission from 2 to 6. The 

Experimental results reveals that Back-Off-Transmission as 

the influential factor and Back-Of-Transmission with 6 has 

a better performance. 

1.Introduction 

Digitization of corporate world leads to enhancement of 

Sensor Networks to Smart Networks. However sensor 

networks have an significant importance in the Digital 

World. A sensor network are wireless with out a proper 

infrastructure. Basically a sensor networks are incorporated 

with sensing and actuating devices. A sensing devices sense 

the data from the environment which may of may not have 

the processing capability but needs to transfer the data to 

required actuator. Actuator with processing capability needs 

to act accordingly to it. In all the above ongoing process 

their needs a involvement of cross layer approach from 

physical layer to an network layer with an low data rate and 

low power consumption. 

Here the data needs to be transferred from the sensing 

nodes to the actuation node/Sink node which involves  a 

broadcast communication ( Point –to –multipoint). As 

mentioned above cross layered will be involved from 

physical layer to the network layer which indeed consists of 

MAC Sub-layer, LLC(Logical Link Control) & SSCS ( 

Service specific convergence Sub Layer) in between them. 

The MAC Sub-layer all the stations are equal so basic 

challenging issue is the channel allocation which will be 

done random access method using the ALOHA technique. 

But in WSN it is wireless medium suffer with low data rate 

and low power consumption which can be supported by 

IEEE 802.15.4 up to data link layer and with the zigbee 

above the Data link layer. 

IEEE 802.15.4 operated on WLAN’s and WPAN’s with 

low data rate, low bandwidth and low power energy 

consumption. The idea of incorporating low data rate 

feature for sensing and actuating so that to extend the 

battery life of nodes. IEEE 802.15.4 operates at Industrial, 

Scientific and Medical. IEEE 802.15.4 modulated by the 

DSSS (Direct Spread Sequence Spectrum) to avoid the data 

interference. As data interference scheme was incorporated 

with in it the chance for data collisions are less so there is 

no chance of Retransmission of data. The underlying 

feature is multiple channels can access simultaneously 

without interference. The protocol uses BPSK for low data 

rates and QPSK for high data rates. There may be chances 

of collision in high data rates to truncate this problem 

CSMA/CD is used at MAC Sub-layer. The protocol is 

segregated as beacon network and non-beacon network 

basing on channelization, fully functioned device and 

Reduced functioned device basing on the functionality. 

IEEE 802.15.4 consists of Beacon, MAC, Command, 

Acknowledge and Path Frames. 

2.Literature Review 

Kaur et al [1]  mentioned that WSN consists of large no: of 

nodes. If the nodes increases then the throughput of WSN 

network decreases. 

Yoan Lan et al [2] mentioned that they analysed QoS 

Metrics of IEEE 802.15.4 in slotted CSMA/CA considering 

Beacon enabled networks in regards with super frame. 

Mathematical analytical model was deduced between super 

frame and  duty cycle. QoS metics were analysed when 

duty cycle was constant and Variable. 

Gurjit et al [3] mentioned that performance comparison of 

various protocol for routing like OLSR, AODV, ZRP and 

DYMO basing up on CBR in ZigBee network with static 

IEEE 802.15.4 performance factors include throughput, 

latency, jitter and end-to-end delay in networks. AODV out 

rated by 95% of throughput 

Puput et al [4] mentioned that they analysing the QoS of 

IEEE 802.15.4 receiver signal strength & attenuation at the 
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time of communicating data from sensor node to the sink 

node. 

Pooja et al[5] analysed the QoS metrics IEEE 802.15.4 

Protocol in various network patterns under the beacon 

enabled mode and non-beacon mode. 

Durga et al [6] analysed the power consumption of IEEE 

802.15.4 with an algorithmic approach for sensitive and 

insensitive perspective implementation of DMSE approach 

is better then TSCH approach in IEEE 802.15.4e. 

Muhammad et al [7] mentioned that they are deriving the 

channel capacity for CSMA/CA in MAC layer for ACK 

and without ACK. The channel capacity obtained basing on 

the delay and packet loss in the network. 

Sajid et al [8] mentioned that no mechanism for mentioned 

for channel sharing between data packets and control data 

packets, which leads to congestion in a network. A Hybrid 

scheduling algorithm by implementing cost function will 

improve throughput and packet dropping in a network. 

3.Simulator Used 

Cooja simulator version 2.7 with contiki Operating System 

is java based graphical simulator to simulate the various 

wireless network scenarios. Cooja Simulator consists of 

SkyMote, TMote & Zoletria modes with various 

transmission range, interference Range, Tx Ratio, Rx Ratio 

having native C-code  is implemented and need to modify 

CSMA and Sender file for this experiment. The Fig 1 

shows the cooja simulator  

 

Fig 1 Cooja Simulator Screen 

 

 

4.Performance Metrics 

Here we are analysing the QoS metrics of IEEE 802.15.4 

protocol in Cooja Simulator by parameters like Buffer Size, 

Beacon Interval (no of times) and back of transmission. 

Power The power consumed by sink node in a network 

over the simulation time and it is measured in milli-

Watts(mW). 

Delay The delay is the end to end delay between the sink 

node and transmitting node. Delay includes all the delays ie 

network delay, transmission delay, process delay etc.., Here 

delay includes all the delay other than the QDelay. 

Delay=CPU+LPM+Listen time+Transmit time 

5. Parameters for Simulation 

Here we are using the Cooja simulator UGDM environment 

with random seed, selecting the SkyMote deployed in the 

Wireless Environment. The star topology with different 

network densities 10,30 in  elliptical network is chosen  

with transmission range and interference range 50mts and 

100mts simultaneously with Tx ratio and Rx ratio is 100%. 

The simulation parameter and scenario is show in Table 1 

and Fig 2 

 

Specification Value 

Model UGDM 

Seed  Random 

Network Size 100X100 

Mote SkyMote 

Simulation Time 300Sec 

Topology Eclipse 

Objective Function OF0 

Speed   No Speed Limit 

Tx Ratio, Rx Ratio 100%, 100% 

Buffer size 40000,50000,60000,80000 

Beacon Interval 1 , 5 

Back of Transmission 2,3,5,6 

 

 

Table 1 Cooja Simulation Parameters 
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Figure 2 Eclipse Scenario 

 

6. Discussion and Results 

In this paper experiments we are simulating 10 and 30 

nodes in elliptical environment with buffer size is 40000, 

50000, 60000, 80000, with beacon with 1 and 5, back of 

transmission 2,3,5 and 6. The power and delay values are 

observed. 

  

Figure 3(a) Power when buffer=40000 and node=10 

 

Figure 3(b) Delay when buffer=40000 and node=10 

 

 

Figure 3(c) Power when buffer=50000 and node=10 

 

Figure 3(d) Delay when buffer=50000 and node=10 

 

Figure 3(e) Power when buffer=60000 and node=10 
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Figure 3(f) Delay when buffer=60000 and node=10 

 

Figure 3(g) Power when buffer=80000 and node=10 

 

Figure 3(g) Delay when buffer=80000 and node=10 

 

Figure 3(h) Power when buffer=40000 and node=30 

 

Figure 3(i) Delay  when buffer=40000 and node=30 

 

Figure 3(j) Power(mW) when buffer=50000 and node=30 

 

0,92

0,93

0,94

0,95

0,96

0,97

0,98

0,99

2 3 5 6

D
e

la
y

 

Back of Transmission 

Nodes=10 Buffer=60000 

Beacon (1) Beacon (5)

1,1

1,12

1,14

1,16

1,18

1,2

1,22

1,24

1,26

2 3 5 6

P
o

w
e

r(
m

W
) 

Back of Transmission 

Node=10 Buffer=80000 

Beacon (1) Beacon (5)

0,8

0,85

0,9

0,95

1

1,05

1,1

1,15

2 3 5 6

D
e

la
y

 

Back of Transmission 

Node=10 Buffer=80000 

Beacon (1) Beacon (5)

1,46

1,48

1,5

1,52

1,54

1,56

1,58

2 3 5 6

P
o

w
e

r(
m

W
) 

Back of Transmission 

Node=30 Buffer=40000 

Beacon (1) Beacon (5)

1,2

1,25

1,3

1,35

1,4

1,45

2 3 5 6

D
e

la
y

 

Back of Transmission 

Node=30 Buffer=40000 

Beacon (1) Beacon (5)

1,49

1,5

1,51

1,52

1,53

1,54

1,55

2 3 5 6

P
o

w
e

r(
m

W
) 

Back of Transmission 

Node=30 Buffer=50000 

Beacon (1) Beacon (5)

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM)  

           Volume: 05 Issue: 08 | Aug - 2021                                                                                                    ISSN: 2582-3930                                

 

© 2021, IJSREM      | www.ijsrem.com                                                                                                                   |        Page 5 
 

 

 

Figure 3(k) Delay when buffer=50000 and node=30 

 

Figure 3(l) Power when buffer=60000 and node=30 

 

Figure 3(m) Delay when buffer=60000 and node=30 

 

Figure 3(n) Power when buffer=80000 and node=30 

 

Figure 3(o) Delay when buffer=80000 and node=30 

From the above graphs we can clearly observe that when 

the buffer increases the Power consumption value decreases 

and delay value increases, as we are changing the buffer 

value from 40000 to 60000. To minimize the delay we are 

increasing the Beacon interval 5 time so delay decreases to 

have an further more impact on the delay and power 

consumption we are increasing the back of transmission 

value also from 3 to 6. By varying the back of transmission 

value at 6 we have observed a significant change in Power 

consumption decreased by 4.3% and delay decreased by 

11.827%. 

7.Conclusions and Future Scope 

In this paper we are investigating the impact of buffer size, 

Beacon interval and Back of transmission on the IEEE 

802.15.4 protocol deployed in the Ecliptic network. 

Considering the above configuration the  performance 
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node with other nodes are analysed. The power consumed 

is reduced by 4.3% and the delay by 11.3%. 

The de-facto values of back of transmission for IEEE 

802.15.4 are static so by applying the soft computing 

approach like fuzzy the back of transmission can be 

dynamic for changing network topology. 
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