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6.0 Simulations & Results 
 
The following MAC protocols were implemented by the author as TinyOS 
components that are able to run on a MICA2 mote 

• Demand assigned TDMA MAC protocol 
• FAMA/TDMA hybrid MAC protocol 

For the purpose of simulation test applications were built that implemented the 
following MAC protocols. 

• Pure BMAC 
• FAMA/BMAC hybrid 
• Demand assigned TDMA 
• FAMA/TDMA hybrid 

Simulations were carried out by executing the test application inside the Avroro 
simulator. As mentioned previously, since Avrora only provides a textual output, a C# 
GIU application developed by the author was used to analyze the said textual output 
and to generate reports. The assumptions made during the simulation of each MAC 
protocols are given in the following sections. 
In the simulation, motes were started up after a random delay based on the mote ID. 
This behaviour was used to simulate the random arrival of motes at the base station. 
Once at the base station, motes would try to upload as much data as possible to the 
base station according to the MAC protocol employed. Therefore, the simulation 
results present the throughput achievable by each protocol under the worst case 
scenario. 
 
6.1 Pure BMAC Simulation 
 
BMAC (Berkley MAC) is the default MAC protocol for the MICA2 found in TinyOS. 
BMAC is a CSMA based MAC protocol. 
TinyOS applications were written that carried out the following actions and were 
simulated in Avrora. 

• There is a single data sink (base station node) and multiple data sources 
(motes). 

• Base station wakes up at simulation start 
• Motes wake up after random delay (based on mote ID) 
• The motes will contend with each other (using BMAC), to send as many 

packets as possible. 
The random number generator in TinyOS (which is also used by BMAC), is 
initialized using the node ID (or node address). Therefore several simulation runs 
were carried out using different (randomly selected) node ID combinations.  
 
6.2 FAMA/BMAC Simulation 
Here a floor acquisition multiple access scheme (FAMA) was built on top of BMAC. 
TinyOS applications were written that carried out the following actions; 

• There is a single data sink (base station node) and multiple data sources 
(motes). 

• Base station wakes up at simulation start 
• Motes wake up after random delay (based in mote ID) 
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• The base station will send an invitation message to the motes – i.e. will 
advertise a contention period 

• Motes will reply to the invitation. If two motes reply at the same time, both 
packets will be destroyed due to collision. The mote that sent the first reply 
that wasn’t corrupted will be registered with the base station. The selected 
mote can then transmit data till it deregisters with the base station. 

• In the simulation, a node will deregister with the base station after transmitting 
‘n’ packets-per-cycle (PPC). Simulations were carried out for PPC values of 
32, 64, 128 and infinity (mote never levees the tx group) 

•  As in the previous BMAC simulation, several simulation runs were carried 
out using different (randomly selected) node ID combinations.  

 
6.3 Demand assigned TAMA MAC Simulation 
The demand assigned TDMA MAC as described in section 5.1 was implemented and 
simulations were carried out using Avrora.  
For the simulation, a 12 slot TDMA frame structure was selected – i.e. maximum 
number of members in the transmission group should be 12. 
The following sequence of events takes place in the simulation; 

• Base station wakes up at simulation start 
• Motes wake up after random delay (based in mote ID) 
• The motes that are awake contend for membership of the transmission group 
• If a mote was added to the transmission group, after transmitting ‘n’ packets-

per-cycle (PPC), the mote removes itself from the tx group. PPC values of 32, 
64, 128 and infinity were used 

• The said mote again starts to contend for tx group membership 
• Several simulation runs were carried out with different node ID combinations 

 
6.4 FAMA/TAMA Simulation 
The FAMA/TDMA hybrid MAC as described in section 5.2 was implemented and 
simulations were carried out using Avrora.  
For the simulation, a 12 slot TDMA frame structure was selected. The following 
sequence of events takes place in the simulation; 

• Base station wakes up at simulation start 
• Motes wake up after random delay (based in mote ID) 
• The base station will send an invitation message to the motes – i.e. will 

advertise a contention period. 
• The motes that are awake try to register with the base station.  
• If a mote was added to the transmission group, the mote de-registers with the 

base station after transmitting ‘n’ packet-per-cycle (PPC). PPC values of 32, 
64, 128 and infinity were used. 

• The mote that has just deregistered with the base station sleep wait for a pre-
determined time period before attempting to reregister with the base station. 
This waiting time improves the fairness of the protocol, by ensuring that two 
successive invitations (and subsequent registrations) are not awarded to the 
same mote. 
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6.5 Simulation Results & Discussion 
 
6.5.1 Pure BMAC 
 
Simulation results for the pure BMAC application written by the user BMAC protocol 
alongside simulation results given by the creators of B-MAC [11] are given in Figure 
6.1. Although both curves show a similar gradient, the results given by the creators of 
B-MAC show better performance. 
It is the author’s opinion the simulation results in [11] were obtained by fine-tuning 
the random back-off time and preamble length of B-MAC for the given node count. In 
contrast the simulation results obtained by the author were obtained by using the 
default parameter of B-MAC 
An abnormal dip is observed in the simulation results obtained by the author for a 
node count of one. This can be attributed to the fact that in this case, there is only one 
node, but it waits a random time before transmitting each packet. This increases idle 
time of the medium and thereby reduces the throughput of the protocol. 
 

 
Figure 6.1 – BMAC - Throughput vs Number of nodes 
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6.5.2 FAMA/BMAC 
 

 
Figure 6.2 – FAMA/BMAC hybrid - Throughput vs Number of nodes 

As can be seen in Figure 6.2, although the performance of BMAC degrades as the 
number of nodes increase, the performance of the hybrid protocol is fairly constant. 
It should be noted that the throughput at infinite packets per cycle was measured to 
get an idea on the theoretical best performance of the protocol, and has no practical 
use. 
 
6.5.3 Demand assigned TDMA MAC 
 

 
 

Figure 6.3 – Demand assigned TDMA MAC - Throughput vs Number of nodes 
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The performance of the demand assigned TDMA MAC is given in Figure 6.3. As 
with the earlier case, the TDMA MAC shows better performance than BMAC as the 
number of nodes increase.  
In contrast to the FAMA/BMAC hybrid, where the throughput decreased with the 
number of nodes, here the throughput increases with the number of nodes. At lower 
node numbers, the base station frequently advertises contention periods. Therefore the 
overhead is greater at lower node counts, hence low throughput. 
 
6.5.4 FAMA/TDMA MAC 
 

 
Figure 6.4 – FAMA/TDMA hybrid - Throughput vs Number of nodes 

The performance of the FAMA/TDMA MAC is given in Figure 6.4. It is clear from 
the above that the performance of the FAMA/TDMA MAC is far superior to all other 
MAC protocols.  
In addition to this the throughput is almost constant at any node count. This indicates 
that the available radio resources are utilization to the maximum at all times. The 
reason behind this can be attributed to the fact that once a mote is registered it utilizes 
the full capacity of the channel without packet collisions.  
As with the FAMA/BMAC hybrid, the FAMA/TDMA MAC shows better 
performance than BMAC as the number of nodes increase. 
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6.6 Comparison of Simulation Results 
 

 
Figure 6.5 – Comparison of Simulation Results - Throughput vs Number of nodes 

Figure 6.5 is a comparison of the simulation results of all the implemented MAC 
protocols for the PPC value is 128. It is clear from the above figure that even at high 
node counts the FAMA/B-MAC hybrid out performs the demand assigned TDMA 
MAC. This can be attributed to the significant overhead incurred by the TDMA MAC 
in schedule maintenance. 

Table 6.1 – Comparison between FAMA/BMAC & FAMA/TDMA MAC 
Node 
count 

Throughput (η) 
FAMA/BMAC FAMA/TDMA Improvement 

(a) (b) (b-a)/(b) 
1 0.6447 0.6234 -3.304 % 
2 0.6412 0.6414 0.027 % 
3 0.6404 0.6408 0.064 % 
4 0.6352 0.6397 0.703 % 
5 0.6338 0.6404 1.033 % 
6 0.6306 0.6397 1.452 % 
7 0.6280 0.6385 1.677 % 
8 0.6259 0.6388 2.059 % 
9 0.6205 0.6382 2.853 % 

10 0.6205 0.6380 2.823 % 
11 0.6096 0.6377 4.614 % 
12 0.6035 0.6379 5.693 % 
13 0.6117 0.6375 4.233 % 
14 0.6044 0.6367 5.340 % 
15 0.5995 0.6366 6.174 % 

 
The FAMA/TDMA on the other hand, has an almost constant throughput at any given 
node count. As indicated by Table 6.1 the FAMA/TDMA hybrid MAC has 
significantly better performance in terms of throughput than it’s nearest rival the 
FAMA/BMAC hybrid MAC. The through improvement of the FAMA/TDMA hybrid 
increases with the number of motes in the network. 
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6.7 Simulation verification 
In order to verify the simulation environment, a scenario similar was set up in the real 
world using actual MICA2 motes. The tests were carried out on two variants of the 
MICA2; 

• MICA2 motes manufactured by Crossbow 
• MICA2 clones manufactured locally 

 
6.7.1 MICA2 clone 
The results obtained using the MICA2 clones and simulation varied significantly. 
Upon further analysis it was found that this was due to packets transmitted by the base 
not being received by the motes. One major issue faced by the author during sourcing 
components for the MICA2 was the inability to finding the proper oscillator crystal 
for the plug-and-play radio module. Instead a replacement oscillator with improper 
parallel capacitance and poor tolerance values was used. The packet loss can be 
attributed to this deficiency of the MICA2 clone. 
The author is of the opinion, that by using the stipulated oscillator crystal the packet 
loss experience on the MICA2 clone can be brought into line with that of the 
Crossbow MICA2 (MPR4x0). 
 
6.7.2 Crossbow MICA2 
The results obtained using the crossbow motes (MPR400) and simulation showed 
good agreement as illustrated in Table 6.2 and Table 6.3. 

 
Table 6.2 – Simulation verification for TDMA MAC 

Packets  
per 

cycle 

Nodes Simulation 
Throughput 

(bps) 

Actual 
Throughput 

(bps) 

Error 
 
 

Error % 
 
 

(a) (b) (c) = (b) - (a) (c)/(b) 
inf 1 7220.254 7217.061 -3.19303372 -0.04% 

2 7186.609 7168.132 -18.4771237 -0.26% 
128 1 6482 6418.43 -63.5708036 -0.99% 

2 6517.345 6447.448 -69.8965589 -1.08% 
64 1 5614.538 5618.573 4.035014895 0.07% 

2 5934.166 5988.625 54.45891315 0.91% 
32 1 4976.108 4952.921 -23.1866206 -0.47% 

2 4980.15 4968.167 -11.9829918 -0.24% 
 

Table 6.3 – Simulation verification for FAMA/TDMA MAC 

Packets  
per 

cycle 

Nodes Simulation 
Throughput 

(bps) 

Actual 
Throughput 

(bps) 

Error 
 
 

Error % 
 
 

(a) (b) (c) = (b) - (a) (c)/(b) 
inf 1 8436.117 8434.323 -1.79398746 -0.02% 

2 8436.117 8434.323 -1.794001 -0.02% 
128 1 7888.899 7865.25 -23.6494609 -0.30% 

2 8116.789 8120.103 3.31331869 0.04% 
64 1 7034.643 7040.255 5.611289525 0.08% 

2 7414.042 7414.195 0.153509143 0.00% 
32 1 6618.44 6616.782 -1.65749467 -0.03% 

2 7322.919 7303.378 -19.5408301 -0.27% 

 


