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5.0 The MAC protocol 
As mentioned in earlier sections it was the intention of the author to develop a TDMA 
based MAC protocol for a specific type of wireless sensor network. Initially a demand 
assigned TDMA protocol fashioned after GAMA was implemented. After analyzing 
the performance of the said protocol, it was decided to convert the demand assigned 
TDMA protocol into a FAMA/TDMA hybrid protocol. This section is dedicated to 
describing the development process as well as the operation of the implemented 
protocols. 
 
5.1 MAC protocol development process 
Figure 5.1 depicts the development process that was employed to implement the 
MAC protocol. 

 
Figure 5.1 – Process for MAC protocol development 

As can be seen the original concept of the MAC protocol was refined several times in 
order to achieve best results. Additionally simulations were carried out for several 
other MAC schemes. By comparing the performance of the developed MAC with 
others protocols many drawbacks of the original concept were identified and 
improvements were made.  
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5.2 Demand assigned TDMA MAC 
 
5.2.1 Overview 
The network is envisaged to be comprised of a single hop network containing a base 
station and multiple mobile motes that wish to upload data to the base station. The 
transmission and contention periods are time interleaved as depicted in Figure 5.2. 
The start and end of each transmission period or contention period is advertised by the 
base station. 

When a mote is within radio range of the base station, it will attempt to join the 
transmission group of the particular base station – i.e. it will attempt to register with 
the particular base station. During the transmission period only members of the 
transmission group are allowed to transmit. During the contention period motes will 
contend with each other to join transmission group.  

 

 
Figure 5.2 – Transmission periods and contention periods 

 
A flow diagram of this process is given in Figure 5.3. At the end of each contention 
period, if the transmission group is empty – i.e. no motes are registered with the base 
station – another contention period will be advertised by the base station. If there are 
members in the transmission group, the base station will advertise a transmission 
period. At the end of each transmission period, the base station will check if room is 
available on the transmission group – i.e. if the number of motes in the transmission 
group is less than the number of time slots. If so the base station will advertise a 
contention period. Otherwise another transmission period will be advertised. 
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Figure 5.3 – Flow diagram of demand assigned TDMA MAC 

 
 
5.2.2 The Transmission Period 
Each transmission period is divided into a finite number of time slots. Each member 
of the transmission group is assigned a time slot, during which the given group 
member can transmit. The following packets are exchanged during the tx period. 



 28 

 
Table 5.1 – Packets exchanged during the transmission period 

Packet Type Direction Description  
Tx start Downlink Signals the start of a new tx period 
Tx start with 
uplink map 

Downlink Same as above, but also contains an array describing time slot 
allocation. Used when the membership of the tx group has changed 

Data Uplink Uplink data packet sent by the mote 
Upload End Uplink Signals to the base station that the particular mote is removing itself 

from the tx group 
Tx end Downlink Signals the end on of a tx period. In addition this packet also 

contains acknowledgements for the data packets correctly received 
during the tx period. 

 

As depicted above, the tx period start is signalled by the base station by sending out a 
tx start packet. Some tx start packets contain an uplink map, which is an array 
containing the addresses of the motes in the tx group in the order of time slot 
assignment. The uplink map is only sent when the membership of the tx group 
changes. The membership of the tx group can change due to the following reasons; 

1. Mote is added to the tx group – in the previous contention period a mote was 
added to the tx group 

2. A mote leaves the tx group – in the previous tx period, a mote has removed 
itself from the tx group. This can occur when a mote has completed uploading 
data. 

3. A mote is removed from the tx group for misbehaviour – a mote didn’t 
transmit in it’s allocated time slot, or transmitted in an incorrect slot in the 
preceding tx period. 

 

As can be seen, the membership of the tx group is dynamic and thus frequent changes 
to the time slot assignment is required. By having an optional uplink map in the tx 
start packet we can cater to the dynamic nature of the tx group membership, while at 
the same time minimizing the overhead incurred by additional control traffic. 

The uplink packets follow the tx start packet. These could include data packets or 
upload end packets. The base station sends the tx end packet to signal the end of the tx 
period. 

The anatomy of a packet during the tx period is depicted in Figure 5.4. As can be 
seen, short guard period exist between packets. Such guard periods ensure packet 
collisions do not occur due to synch loss.  
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Figure 5.4 – Use of guard periods in the transmission period 

 

If the total number of motes in the transmission group is less than the total number of 
slots, then transmission group members are allowed to send more than one data packet 
to the base station during the transmission period. Figure 5.5 depicts the sequence of 
packets on a system where there are a total of 6 time slots, while the transmission 
group only has 3 members. 

 

 
 

Figure 5.5 – Efficient use of radio resources by repeated transmission 

 

This can also be represented as follows.  
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The above mentioned process that takes place during the transmission period is 
graphically represented in Figure 5.6. 
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Figure 5.6 – Flow diagram for the transmission period 
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5.2.3 The Contention Period 
The following sequence of packets is exchanged on the air interface during the 
contention period. 

Table 5.2 – Packets exchanged during the contention period 
Packet Type Direction Description  
Con. start Downlink Signals the start of a new contention period 
RTS Uplink Uplink packet sent by the mote to request entry into the tx group. 
Con. End  

Downlink 
Signals the end of the contention period. This packet also serves as 
an acknowledgement of an RTS packet. If RTS by a mote was 
accepted by the base station, the address of that particular will also 
be included in this packet. 

 

If the tx group can accommodate more motes a contention period start packet is sent 
by the base station. When a mote hoping to the join the tx group receives this packet, 
it immediately sets a (back-off) timer to fire on a random delay and goes to sleep. 
When the timer expires, the mote wakes up and samples the received signal strength 
(RSSI) from radio. If this value is above a certain threshold, the medium is deemed to 
be busy and the mote waits for another contention period to start – i.e. the mote will 
back off and wait until the next contention period. 

If the RSSI value is below the threshold value, the medium is deemed to be idle, and 
the mote transmits a RTS packet. If the base station receives the RTS packet correctly, 
the mote will be added to the transmission group. Multiple RTS packets may be 
transmitted during a contention period, but only the mote that sent the first successful 
RTS packet will be added to the tx group. 

It should be noted that the contention period duration is a constant. 

Contention period duration = max value of back-off timer + RTS packet duration 

 
Figure 5.7 – Packets exchanged during contention period 

When the contention period has expired, the base station sends out the contention 
period end packet. If there were no successful RTS packets, this packet will signal a 
negative acknowledgement to all the motes that sent out RTS packets.  
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If there was a successful RTS packet from a mote, the contention period end packet 
will signal a positive acknowledgement to the successful mote – i.e. will act as a CTS 
signal. All other motes that sent out unsuccessful RTS packets will back off and wait 
till the start of the next contention period to contend for membership of the 
transmission group. 

Although the successful mote is informed of it’s addition to the tx group in the 
contention period end packet, it is not informed of the allocated time slot. This 
information will be published by the base station in the uplink map in the tx period 
start packet. When the membership of the tx group changes – i.e. when a mote is 
added to or leaves the tx group, the tx period start packet contains an additional 
uplink map. 

The above mentioned process that takes place during the transmission period is 
graphically represented in Figure 5.8. 
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Figure 5.8 – Flow diagram for the contention period 
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5.2.4 Issues related to Demand assigned TDMA 
As mentioned in an earlier section one of the main disadvantages in a TDMA system 
is the overhead needed to manage the system. In the implemented protocol overhead 
is mainly incurred due to the following two reasons; 

• Frequent contention periods – if the number of motes in the transmission 
group is less than the maximum number of time slots, the base station will 
advertise contention periods. 

• Each time the membership of the transmission group changes an uplink map is 
sent out. 

In simulations carried out, it was observed that the protocol is efficient only when the 
number of nodes were high, whereas poor results were observed for lower node 
counts.  
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5.3 FAMA/TDMA hybrid MAC 
 
5.3.1 Overview 
With the above realization a new approach was adopted that would curtail the said 
drawbacks, but at the same time maintain the benefits of a TDMA system. Simply put 
it was decided to limit the transmission group membership to one, while keeping a 
fixed number of time slots (>1). This change has the following consequences; 

• Infrequent contention period advisements – a contention period would only be 
advertised when the registered mote has uploaded all its data to the base 
station and therefore leaves the network 

• Elimination of the uplink map – since there is only one mote, an uplink map is 
not needed. 

• The MAC protocol has maximum channel utilization, regardless of the 
number of nodes in the networks (within radio range of the base station) 

The drawback of this scheme is that a mote that comes within radio range of the base 
station may have to wait for a longer time to register with the base station. In contrast, 
since only one mote is transmitting, it will take a lesser amount of time to upload all 
it’s data. By adjusting the maximum amount of data that a mote is allowed to upload 
during a session, the delay can be brought down to a tolerable level. 

By becoming the sole member of the transmission group, it can be said that the 
selected mote acquires the medium. Therefore it can be stated that the modified 
protocol is a hybrid between the FAMA and TDMA protocols. For the sake of 
completeness the FAMA/TDMA hybrid protocol is described below. 

5.3.2 Description 
If no motes are registered with the base station the base station will advertise 
contention periods. When a mote is within radio range of the base station, it will 
attempt to register with the base station during a contention period by way of 
RTS/CTS message exchange. 

Following a successful contention period, the base station will continuously advertise 
transmission periods. The registered mote will transmit in all time slots of all 
subsequent transmission periods. This is illustrated in Figure 5.9. 
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Figure 5.9 – Flow diagram of FAMA/TDMA MAC 
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Once the registered mote has finished uploading all it’s data it will de-register with 
the base station by way of sending an upload end message. The base station will then 
advertise another contention period during which other motes within range of the base 
station can contend with each other to register with the base station – i.e. to acquire 
the floor/medium. 

This process graphically represented in Figure 5.10. 
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Figure 5.10 – Flow diagram of a transmission period for the FAMA/TDMA MAC 


