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2.0 Literature Survey 
Prior to and during the research, a thorough literature survey was carried out. The 
findings of this survey will be presented as follows; 

1. Wireless sensor network platforms 

2. Different MAC protocols in existence 

 
2.1 Wireless sensor network platforms 
A wireless sensor network platform generally comprises of; 

1. Motes & sensors – the actual hardware that reside in the field  

2. Gateway nodes – that bridge mote networks & enterprise networks 

3. Mote firmware – including an OS, network stack and user API 

4. Network simulators 

5. Monitoring tools – that can be used to control, monitor and debug the WSN 

Many WSN platforms have emerged in the recent years. While some platforms are 
commercial in nature others are intended mainly for research. Table 2.1 gives a brief 
summary of existing mote platforms. 

 
Table 2.1 – WSN platforms 

Type Platform Owner/Vendor Description 
Research TinyOS [1] University of California - 

Berkley 
 

Extremely popular open source WSN 
platform supported by multiple vendors 
ranging from chip manufacturers to WSN 
vendors. 

Research Contiki [3] Swedish Institute of 
Computer Science. 

open source WSN platform 

Research Mantis [4] Colorado University  - 
Boulder 

open source WSN platform 

Commercial Moteworks Crossbow [5] TinyOS based commercial platform 
Commercial Sentilla Sentilla Corperation [6] Java based Vendor specific 

implementation 
Commercial EmberNet Ember Corp [7] Vendor specific implementation 
Commercial SmartMesh Dust Networks [8] Vendor specific implementation. Uses a 

TDMA-FDMA MAC layer 
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2.2 Different MAC protocols in existence 

 
Figure 2.1 – Classification of MAC protocols and some examples  

MAC protocols proposed for WSNs range form variations of well known wireless 
MAC protocols such as ALOHA [33] and CSMA [34] to brand new MAC protocols 
that have arisen out of the unique properties of WSN. MAC protocols can be 
categorized [9] as illustrated in Figure 2.1; 

1. Random access based contention based schemes 

In these protocols a node may start a transmission at any random moment and 
must contend for the channel. Random access protocols are a mature class of as 
is widely used in both Wired LANs (IEEE 802.3) and Wireless LANs (IEEE 
802.11). The main challenge with contention-based protocols is to reduce the 
energy consumption caused by collisions, overhearing, and idle-listening.  

2. Slotted schemes  

These protocols address the inherent idle listening overhead by synchronizing 
the nodes, and implementing a duty cycle within each slot. At the beginning of a 
slot, all nodes wakeup and any node wishing to transmit a message must 
contend for the channel. By this method slotted schemes conserve power by 
reducing the throughput thereby increasing the latency. 

3. TDMA based schemes 

Time-Division Multiple Access (TDMA) is an important schedule-based 
approach. In TDMA time on the channel is divided into slots, which are grouped 
into frames. The access point/base station maintains the schedules, which 
specifies which slot is to be used by which node. The biggest attraction here is 
that TDMA MAC protocols are inherently collision free and that idle listening 
can be ruled out since nodes know beforehand when to expect incoming data. 
Unfortunately in Ad-Hoc WSN, a large amount of overhead may be required to 
build and maintain the schedule. 
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In addition to the above mentioned schemes hybrids protocols also exist that combine 
features of two schemes to come up with a new and exotic MAC protocol [9]. A 
similarity that can be seen among all MAC protocols is the focus on energy aware 
computing.  

In the following sections, examples of the above mentioned types of WSN MAC 
protocols will be discussed. Additionally some interesting MAC protocols proposed 
for Wireless LANs will also be presented. 

 

2.2.1 Random Access schemes 
2.2.1.1 LPL & B-MAC 
LPL (low power listening) [10] and BMAC (Berkeley MAC) [11] are popular CSMA 
based MAC protocol developed at University of California, Berkeley, by the same 
research group that created the well known mote operating system TinyOS (more 
information on TinyOS will be presented in section 2.4.1). As such these protocols are 
the default MAC protocols used in the TinyOS network stack. Consequently it is the 
most widely used MAC protocol among TinyOS users, and among WSN researchers 
around the world. 

As depicted in Figure 2.2 LPL nodes periodically power up the radio, and sample the 
signal strength present on the radio channel. If the channel is sensed to be idle, the 
node will return to sleep. If the channel is sensed to be busy, the node will stay awake 
and try to receive the incoming packet. Similarly nodes check if the medium is idle 
before transmitting a packet. If the medium is busy, nodes back off for a random 
period before retrying. 

 
Figure 2.2 – Preamble sampling in LPL 

In order for this scheme to work, transmitting nodes have to send out a long preamble 
that is larger than the check interval, which is costly in terms of power. In addition to 
this, nodes will also stay wake to receive packets that are not intended for them. A 
third problem encountered by researchers using LPL was, the presence of false 
positives – i.e. since a static threshold is used for sensing if the channel is idle or busy, 
temporary glitches or noise would cause nodes to erroneously assume that the channel 
is busy and therefore wakeup. 

B-MAC [11] is an improvement on LPL that incorporates automatic gain control. 
Here the node samples the radio channel at instances where it knows the medium to 
be idle (ex. just after sending or receiving a packet). B-MAC uses a weighted moving 
average of these samples to estimate the noise floor value. The B-MAC creators claim 
that this procedure significantly reduces the false positives encountered by LPL. The 
creators of B-MAC claim that it is a configurable protocol – i.e. provides interfaces 
that enable higher layers of the protocol stack to adjust it’s parameters such as check 
interval/preamble length, power down policy and back off window size. 
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2.2.1.2 Preamble Sampling & WiseMac 
Another protocol which uses the same preamble sampling technique as LPL was 
presented in [27]. Developed at the same time as LPL by another independent 
research group, this protocol uses Aloha as the underlying protocol (as opposed to 
CSMA which is used in LPL). Hence this protocol is aptly referred to as Aloha with 
preamble sampling. 

A modified version of the above protocol referred to as WiseMac [28] was later 
released by the same group. In this protocol, rather than sending long preambles, each 
mote will identify the sleep and wakeup schedule of it neighbours. Packets with short 
preambles will be transmitted when the receiver mote is expected to be awake. Energy 
spent both in transmission and reception is saved, since the preamble is shorter. Each 
node piggy-backs information on it’s sleep & wakeup schedule on acknowledgement 
messages. 

 
2.2.1.3 X-MAC 
X-MAC [12] is a protocol that is based on LPL and BMAC. Unlike the two earlier 
protocols, X-MAC uses a strobed preamble that embeds receiver address information. 
The embedded address enables nodes, to which the packet was not intended for, to go 
back to sleep – i.e. it eliminates idle listening. Since a strobed preamble is sent, as 
soon as the intended receiver hears the preamble (and subsequent address 
information), it can quickly send an acknowledgement. The transmitter will 
immediately suspend preamble transmission, and start to send out the actual data 
packet. This permeable reduction has a similar effect as WiseMac, but at the same 
time eliminates the requirement to learn the receiver’s schedule. 

 
Figure 2.3 – Comparison between LPL and X-MAC 
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The effect of X-MACs strobed preamble is illustrated in Figure 2.3. As can be seen in 
LPL both the intended receiver as well as an overhearing node will wait for an 
extended period of time before receiving the address data. However in X-MAC both 
the intended receiver and overhearing node quickly receive the address information. 
This results in an energy saving for all three nodes – i.e. transmitter, receiver and 
overhearing node. 

 
2.2.2 Slotted Schemes 
Principle among the Slotted MAC protocols is Sensor-MAC [13]. Sensor-MAC (S-
MAC) was developed at University of Southern California's Information Sciences 
Institute (USC-ISI). S-MAC uses periodic sleep and active cycles as shown in Figure 
2.4. 

 
Figure 2.4 – S-MAC sleep periods and active periods 

In sleep periods, the nodes power down the radio and buffer messages, while active in 
active periods the nodes exchange these messages with their neighbours. Neighbours 
create virtual clusters by sharing a common sleep wakeup schedule. In essence S-
MAC trades off throughput and latency for energy. Although time synchronization 
among neighbours is required, the timing constraints are lax compared to TDMA 
schemes. This is due to the fact that S-MAC frames are significantly large, thus 
enabling the protocol to withstand the clock drifts experienced on WSN hardware. 

The sleep & wakeup schedule should not be confused with that found in low power 
listening. Here, once the mote is in an active period, it turns on the receiver and waits 
for incoming data for the full duration of the active period. In contrast, the LPL the 
motes wakes up and samples the medium. If the medium is busy the motes will listen 
in. If the medium is idle the motes will quickly turn off their radios and go back to 
sleep. 

S-MAC/AL [14] and T-MAC [15] improve on S-MAC by having adaptive active 
periods –i.e. nodes go to sleep early if it doesn’t have any data to receive or transmit. 

USC-ISI provides a communication stack for TinyOS as an alternative to the BMAC 
dependent stack provided with TinyOS. 

 
2.2.3 TDMA MAC Protocols 
The advantage offered by TDMA is the high channel utilization due to absence of 
packet collision as in CSMA based schemes. Additionally, since nodes know exactly 
when to wake up, in order to send and receive data precious energy can be saved by 
turning on the radio at the required times only.  
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Although packet collisions are non-existent, throughput of a TDMA network is 
somewhat reduced due to the overhead incurred disseminating the schedule and 
synchronization information. 

Most traditional TDMA networks such as cellular networks require a super node (base 
station) to carry out network management activities – i.e. build and maintaining a 
schedule and node synchronization. Additionally in such networks, communication 
links only exist between the base station and a network nodes. Peer to peer 
communication is not possible. As such, building an Ad-Hoc network based on a 
MAC protocol which in it’s very nature requires a rigid structure has been the major 
road block for the wide spread use of TDMA MACs in WSN. 

Yet many researchers have taken on the challenge of designing WSN MAC protocols 
based on TDMA. While some protocols have centralized control [16] others tend to 
be entirely distributed [17]. The following sections looks at some exotic and 
interesting TDMA based MAC protocols. 

 
2.2.3.1 Power Efficient and Delay Aware Medium Access Protocol for Sensor 
Networks (PEDMACS) 
This is a MAC protocol designed for a specific type of WSN [16]; 

• There is a single high powered access point (AP) that is able reach any node in 
the network 

• All data generated by the other nodes are intended for the AP 
The protocol operates in several phases; 

• Topology leaning phase – the AP broadcasts a packet instructing all nodes to 
discover their neighbours. 

• Topology collection phase – the AP broadcasts a packet instructing each node 
to send the collected topology information to in parent (discovered during the 
previous phase). This information is relayed to the AP.  

• Scheduling phase – The AP constructs a schedule based on the topology 
information. Periodically the AP will send out a schedule packet. Based on 
this schedule, the motes will send data to it’s parent. 

• Adjustment phase – At then end of each scheduling phase, an evaluation on 
the correctness of the schedule is done, and rescheduling is carried out without 
restarting the whole processes 

 
2.2.3.2 Lightweight Medium Access Protocol (LMAC) 
In most TDMA based systems, a supervisor node is required to ensure that the slot 
structure is maintained. LMAC [17] is a distributed TDMA based MAC protocol, that 
defies this rule. Unlike in the previously presented protocol, both schedule building 
and slot management is implemented as distributed algorithms. 

In the implemented protocol, a frame consists of 32 slots. A gateway node initiates the 
schedule building procedure. Upon receiving the message, nodes will mark the slot as 
used, and randomly select an unused slot as it’s own – i.e. the node will claim 
ownership of the slot. The nodes will then transmit data in that slot.  
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Each time slot consists of a control and data portion. All nodes will listen to the 
control part of each slot. The control header will contain among other things an 
occupancy field. This field specifies the slots occupied by one hop neighbours of the 
respective node. Each bit in the field designates the occupancy of a time slot – i.e. 1 
signifies the slot us used while 0 designates the slot as free. New nodes will listen to a 
complete frame and OR the occupancy fields to find unused/free slots. This ensures 
that the same slot is not reused within a two hop neighbourhood (similar to frequency 
reuse in cellular systems). If a collision occurs, the header part of the messages is 
corrupted. A node that detects this and will subsequently report the collision in the 
control part of it’s packet. Nodes that were responsible for the collision will randomly 
select another free slot.  

2.2.3.3 LEACH and Clustering 
LEACH (Low Energy Adaptive Clustering Hierarchy) [18] is a routing protocol 
discussed extensively in WSN literature. In this class of WSN routing algorithms, the 
network is first partitioned indo clusters. Each cluster has a cluster head that has to 
carryout the following functions; 

• Collect data from all nodes in the cluster 

• Aggregate the collected data and relay the information to the gateway 
To relay the information, cluster heads form among themselves a tree network, with 
the gateway as the root node. In contrast to the earlier algorithms, where all the nodes 
are part of the tree, here only a subset of the nodes (cluster heads) are connected to the 
tree.  

Obviously, this means that the cluster head will have it’s radio permanently turned on, 
thus depleting it’s batteries before all the other nodes. To prevent this, LEACH carries 
out periodic cluster head rotation by way of a stochastic cluster head selection 
algorithm. 

Although LEACH doesn’t specify the underlying MAC protocol, within a cluster a 
TDMA slot structure is used. After cluster formation, each node in a cluster is 
assigned a TDMA slot by which a given node can communicate with the cluster head. 

BMA [19] is a MAC protocol that uses LEACH cluster head selection algorithm to 
partition the network into clusters. Unlike LEACH, BMA provides dynamic slot 
allocation within a cluster. 

As can bee seen from the above discussion, the TDMA MAC layers are tightly 
coupled with routing protocols. It is also abundantly clear that much research will 
have to be carried out in this area before deployment of TDMA based WSN becomes 
a reality. 

Due to this reason, companies have been slow in adopting TDMA based schemes. 
Many commercial deployments stick to CSMA based schemes (Crossbow, Moteiv, 
Ember). Among the companies included in the literature survey the only company to 
use a TDMA based approach was Dust Networks (TDMA-FDMA MAC) 

 
2.2.4 Comparison of WSN MAC protocols 
From the above mentioned types of MAC protocols, CSMA seems to be the most 
flexible since it can be adapted to any kind of network scenario. CSMA networks may 
be deployed from applications scenarios ranging form building monitoring to battle 
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field deployment, since the CSMA protocols are guaranteed to work both in Ad-Hoc 
as well as fixed networks. Additionally CSMA networks can comprise of 
heterogeneous nodes, both in terms of hardware and software/firmware, thus bringing 
down the cost of manufacturing, deployment and maintenance.  

With new and improved CSMA schemes being proposed frequently, CSMA appears 
to be the WSN MAC protocol of the future. 

Although less flexible than CSMA, slotted schemes are usable in Ad-Hoc networks as 
well. Since in slotted schemes nodes have to learn their neighbour’s schedule (virtual 
clustering), the complexity of the protocol is greater. This intern increases the 
required processing power as well as the code footprint of the MAC. Additionally 
virtual clustering affects the scalability of the MAC, since with larger node densities 
the number of virtual clusters to be handled by a node may increase. It should be 
noted, that even with these draw backs, slotted MAC protocols may be well suited for 
application scenarios where all or most sensor nodes are static, such as Building 
monitoring and environmental monitoring. 

As mentioned in an earlier section TDMA protocols are the most efficient type of 
MAC protocol, both in terms of throughput and energy conservation. But the 
reduction in flexibility due to the requirement of a base station has hindered the wide 
spread adoption of this class of MAC protocol. In TDMA protocols the routing 
protocol is also tightly coupled with the MAC protocol, thereby further reducing the 
flexibility of network. 

Some researchers have proposed distributed TDMA protocol such as LMAC. But 
unfortunately these protocols share the disadvantages of slotted schemes. 

It is the authors opinion it is possible to devise an optimal TDMA based MAC 
protocol given a specific application scenario.\ 

 

2.2.5 Some interesting MAC protocols used in Wireless LANs 
It was observed that the above WSN MAC protocols were focused on power 
conservation. This was based on the assumption that nodes would run off batteries 
and that replacement of batteries would not be a possibility. Thus all protocols attempt 
to conserve as much energy as possible, in order to lengthen the life time of the node. 

In contrast the mobile motes considered in this research project have more lax power 
constraints. In certain cases such as mobile motes on vehicles the mote could be 
powered by the vehicle battery or periodic battery replacement is possible. 
Additionally if a radio wakeup scheme is utilized, if the radio were to be turned on for 
small time periods, power conservation would not be critical. As such the focus 
during this research was towards maximizing throughput and fairness. 

Therefore In addition to the WSN MAC protocols, MAC protocols proposed for 
wireless LANs were also studied. 

 
2.2.5.1 FAMA  
Floor Acquisition Multiple Access (FAMA) [20] is a multiple access scheme which 
has some resemblance to Medium Access with Collision Avoidance (MACA) [22] 
(presently used in wireless LANs). MACA avoids the hidden node problem by the 
exchange of RTS-CTS packets.  
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The RTS-CTS packet exchange reserves the channel for the single data packet that 
follows – the channel (or floor) is acquired on a packet by packet basis. FAMA takes 
this a step further by acquiring the channel (floor) for a number for a number of 
packets. The authors argue that FAMA throughput is comparable to that of non-
persistent CSMA but at the same time avoids the hidden terminal problem.  

 
2.2.5.2 GAMA 
Group Allocation Multiple Access (GAMA) [21] extends the idea of floor acquisition 
from one node to a group of nodes. If a node wishes to send data to a peer, it should 
first become a member of the ‘transmission group’. Membership into the transmission 
group is gained by successful RTS/CTS exchange with the destination. 

In GAMA a group transmission period (or frame) consists of multiple transmission 
periods. Each member of the transmission group owns a single transmission period 
and will us this transmission period to send a single packet. Therefore nodes that are 
part of the transmission group transmit packets in round dobbin fashion, much like in 
TDMA networks. But unlike a TDMA network, there is no central agent (base 
station) to oversee correct operation. The header of each packet contains the following 
control information; 

• Index of transmission period 

• Size of transmission period (duration of packet) 

• Total number of transmission periods (total number of nodes in the 
transmission group) 

• Whether or not the station has data to transmit in the following cycle 
A node that wishes to join the transmission group must first listen to the control traffic 
sent over the air interface. After the last transmission period, there is an idle period. 
During this period nodes that wish to join the transmission group should send RTS 
packets. Along with the RTS message the transmitter node will also piggy-back it’s 
bandwidth requirement. A CTS message will only be sent if the required bandwidth 
can be provided by the network. In other words by accepting the newcomer the group 
transmission period becomes longer. If the duration of the group transmission period 
becomes too long, the required bandwidth cannot be provided by the network. In such 
a case a CTS message is not sent. 

 
2.3 Flash memory & flash file systems 
Flash memory is a type of EEPROM that has gained much popularity in recent times. 
What sets apart flash memory technology from old style EEPROM, is that flash 
memories are erased and written in large blocks, when compared to EEPROM which 
are byte programmable. The advantages offered by flash memory technology include 
the following; 

• Fast read access time 
• Cheaper than EEPROMs 
• Shock resistance 

 
Due to these properties flash memory has become the technology of choice for solid 
state non-volatile memory, ranging from PDAs, digital cameras, audio players, mobile 
phones to microcontrollers.  
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Flash memories are mainly categorized into two groups; 
• NOR Flash 
• NAND Flash 

 
2.3.1 NOR Flash 
Read access to a NOR flash is similar to accessing a random access memory – i.e. the 
memory can be read out one byte/word at a time. Erasing a NOR flash is on a per 
sector (block) basis. Erasing a flash amounts to setting all the bits to ‘1’ in a given 
sector. Writing to flash would mean changing the bits to ‘0’ where necessary. 
Therefore NOR flash devices are written to one byte/word at a time. 
Initially NOR flash memories were employed in memory cards such as Compact 
Flash, but soon gave way to the cheaper and faster NAND flash. 
NOR flash is predominantly used as a ROM replacement. On most modern 
microcontrollers with inbuilt flash memory for XIP code execution, NOR flash is the 
technology of choice. 
 
2.3.2 NAND Flash 
NAND flash differs from NOR flash, in that it acts as a block device at all times. The 
address range of the memory is subdivided into blocks (sector) which are further 
divided into pages. Read and write operations to the device are on per page basis, 
while erasure is on per block basis. 
 
2.3.3 Flash memory wear 
Another important feature of the flash device is memory wear – i.e. a particular flash 
memory element has a finite number of erase-write cycles. After the stipulated 
number of erase-write cycles has expired, the manufacturer of the device doesn’t 
guarantee proper operation of the device. 
The lifetime of the overall device can be improved by spreading writes to the memory 
equally among all memory blocks. This is referred to as wear levelling. For example, 
let us assume that is to data was appended to a file stored on a flash memory device. 
On a traditional disk this would probably mean erasing and the re-writing the same 
block with updated data. On a flash memory device wear levelling is achieved by 
leaving the contents of the old block unchanged, and writing the updated data to a 
new unused memory block. To this end a list of free or available blocks should be 
maintained.  
Traditionally wear levelling has been carried out by file system driver. Some file 
systems developed specifically for flash memory are given in Table 2.2. 

 

Table 2.2 – Flash file systems 

File System Comments 

FFS1/FFS2 Developed by Microsoft for MS-DOS 

JFFS First flash file system for Linux. Supports NOR flash 

JFFS2 Supports both NOR and NAND flash 

LogFS Predecessor to JFFS2. Still in development. Will support large disks 

YFFS A log structured file system that supports NOR and NAND flash 
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In marked contrast solid state memory devices such as memory cards and USB flash 
disks come with an inbuilt controller that does wear levelling on behalf of the user.. 
The internal controller provides a virtual address space to the user. It then maps this 
virtual address to a physical address using its internal data structures. Due to this 
reason, special flash file systems are not required on these disks. As such FAT16/32 
has become the file system for choice for these devices. Some popular memory card 
formats are given in Table 2.3 
 

Table 2.3 – Some popular memory cards 

Card Variants Flash Memory 
Technology 

Interface 

Compact Flash 
(CF) 

I, II NOR/NAND Parallel interface similar 
to ATA 

Secure Digital 
(SD) 

SD, miniSD, microSD, 
SDHC, miniSDHC, 
microSDHC 

NAND Serial Peripheral 
Interface (SPI), 
Proprietary 1-bit SD 
mode, Proprietary 4-bit 
SD mode 

MultiMedia Card 
(MMC) 

MMC, RS-MMC, 
MMCmobile, MMCplus, 
MMCmicro 

NAND Serial Peripheral 
Interface (SPI), 
Proprietary 1-bit SD 
mode, Proprietary 4-bit 
SD mode, Proprietary 8-
bit SD mode 

 
2.4 WSN operating systems 
Mote hardware is build from the same components as traditional embedded systems. 
Although theoretically it is possible to use generally available embedded operating 
systems (OS) in practice special operating systems are used in WSN deployments. 

A general purpose embedded OS such as Linux or Windows CE would require virtual 
memory, leading to the requirement for a memory managements unit (MMU) onboard 
the CPU. The amount of processing power and hence the type of processor required to 
run such a complicated application as an OS will make the mote more expensive. 
Additionally the lifetime of the mote will also be limited due it’s batteries running 
out, since the embedded OS is not designed for energy conservation. 

It is possible to deploy a WSN with no OS on board the motes. The benefit of such an 
exercise would be the elimination of additional overhead in terms of required 
processing power. The down side of this approach would be the difficulty to reuse the 
code developed for such a system as well as the time required to develop the system 
from ground up. 
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Therefore several research groups have developed embedded OSs specifically for 
wireless sensor networks. Table 2.4 presents a few examples of such operating 
systems. 

Table 2.4 – Open-source WSN operating systems 

Name Maintained by Description 
TinyOS[1] TinyOS Alliance Applications are written by connecting together 

reusable and user components. Tasks are non  
pre-emptive. Threads and dynamic memory are 
not available. Function calls are statically linked 
at compile time. Therefore not possible to 
dynamically load modules. Development is 
carried out in nesC. 

Contiki[3] Networked Embedded Systems 
group, Swedish Institute of 
Computer Science. 

Is an open source multi-tasking OS. Supports 
TCP/IP and has a Windows system and GUI. 
Provides C API for developers. Run time loading 
of modules is supported. 

MANTIS[4] MANTIS group, University of 
Colorado, Boulders 

Is an open source multi-threaded OS. Supports 
pre-emptive multi-threading. Provides a C API 
for developers. 

In addition to this commercial WSN operating systems such as EmberNet[7] and 
SmartMesh[8] are also available. Unlike the open source OSs mentioned above, these 
OSs only support a proprietary hardware platform. 

 
2.5 Selected technologies 
 
2.5.1 TinyOS 
TinyOS [1] is a component based event driven operating system developed at the 
University of California – Berkley. Components are state machines that change state 
when events occur. Each application or complete program is a collection of 
components. Components used by an application can be categorized as; 

1. The Application component – this is the top level component that is 
application specific. 

2. Components that provide system services – these are reusable components that 
provide a particular service to the application component (ex. communication 
component, timer component, file system component, etc.) 

 
Figure 2.5 – A graphical representation of the Blink application 

Figure 2.5 is a graphical representation of the Blink application – i.e. once 
programmed with the Blink application, the mote will blink it’s red LED at a 
particular frequency.  
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As can be seen Blink is actually made out of several interconnected components. 
While many of them are reusable components that comes with TinyOS (e.g. Main, 
LedC, SingleTimer), some are written by the user (e.g. BlinkM). In this manner users 
can quickly patch together an different components and creat their very own 
application. 

Components communicate with each other through clearly defined interfaces. As 
shown in Figure 2.6 interface user many call functions called commands on interface 
providers. Intern interface providers may call functions called events on interface 
users. In TinyOS terminology calling of an event by an interface provider on an 
interface user is referred to as ‘signalling an event’. The signalling of event serves as a 
call back mechanism. Due to this mechanism components can handover tasks to 
service providers and quickly go to sleep, thereby enabling energy conservation. 

 

 
Figure 2.6 – Interface user and interface provider 

Due to their unique nature, TinyOS programmes are written in nesC, a programming 
language specially developed for TinyOS which has C like syntax. The nesC compiler 
converts nesC code into C code. This C code is then converted into machine code 
using the appropriate C compiler – i.e. to build an executable image that can run on a 
MICA2 mote, one must first compile the nesC code to C code and then using the avr-
gcc compiler compile the C code to a machine executable binary. Fortunately the 
TinyOS has a user friendly build system that hides these details from the user. 

One reason behind the popularity of TinyOS is due to it being open source. The 
TinyOS project not only makes the source code available to the user community, but 
it also shares the schematics for various hardware platforms with the user community. 

The TinyOS project also contains a set of tools that include a simulator (TOSSIM) as 
well as java programs that allow developers to communicate with and monitor WNS 
after deployment. Thus TinyOS became the obvious choice for the WNS platform to 
carry out the research. 

Interface Provide Interface User 

commands 

commands 

events 

Interface 
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Table 2.5 gives a brief description of all the essential components of a TinyOS 
deployment. 

 
Table 2.5 – Components of a TinyOS deployment 

Component Name Notes 
Motes MICA, Telos, iMote, etc – 
Sensors MTSXXX -- , MIB333 – 
Gateway nodes MIB510, 520, etc Manufactured by Crossbow 

 
A mote running TOSBase 
application connected to a PC – 

Network simulators TOSSIM, Avrora, etc – 

Software Tools TOS Java classes 
API that can be used to inject and 
read data packets a to and from mote 
network. 

 
2.5.2 The MICA2 Mote 
After selecting the WSN platform, mote hardware for the project had to be selected. 
Table 2.6 lists some of the popular motes that support TinyOS. 

 
Table 2.6 – Motes that support TinyOS platform 

Mote Microcontroller Radio 
rene2 Atmel ATMega163 RFM TR1000 916 MHz ASK 
Mica Atmel ATMega128 RFM TR1000 916 MHz ASK 
mica2 Atmel ATMega128 Chipcon CC1000 FSK (0.3 ~ 1GHz) 
micaZ Atmel ATMega128 Chipcon CC2420 (2.4GHz IEEE 802.15.4 

Compliant 
BTNode2 Atmel ATMega128 CC1000 & Zeevo ZV4002 (Bluetooth) 
TelosB TI MSP430 Chipcon CC2420 (2.4GHz IEEE 802.15.4 

Compliant 
iMote Intel ARM Processor Bluetooth radio 
Imote2 Intel ARM Processor Chipcon radio 

Due to the existing regulatory framework in Sri Lanka, it was decided to use a radio 
that operates in the 800 ~ 900 MHz. The MICA2 became the obvious choice, since 
the Chipcon CC1000 [23] radio transceiver could be tuned to this frequency range. 
Another reason for selecting the MICA2 is the author’s prior experience with the 
Atmel ATMega128 [24]. For a detailed description of the MICA2 mote please refer 
Chapter 4. 

 
2.5.3 MAC protocol selection 
Since TinyOS is an extremely popular research platform, there are is a myriad of 
MAC protocols implementation for TinyOS. As mentioned earlier the primary focus 
of these MAC protocols is to conserve power. As such most WSN MAC protocols 
sacrifice throughput and/or delay in order to conserve power. 
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In contrast, the application scenario of this research project is quite different. All data 
traffic flows from the mobile motes to the base station. Therefore the principle 
requirement is to design a MAC protocol that will allow all mobile motes within radio 
range of the base station to share access to the base station in a fair manner. Since the 
motes are mobile, it is quite possible to replace or replenish the power supply. 
Additionally the radio unit of the mobile mote is only powered up for a short period – 
i.e. when the mote is within range of the base station and has some buffered data to 
upload. If a MAC protocol can be devised to quickly upload the data, the radio 
module can be turned off quickly. Therefore, for the given scenario it is beneficial but 
not necessary for the MAC layer to minimize power usage, whereas achieving 
maximum throughput if of vital importance.  

Although the initial design was envisaged to be a demand assigned TDMA MAC, 
further study revealed that the overhead of managing the TDMA network was far too 
expensive in terms of bandwidth. 

After much experimentation a best fit solution to the problem was found. The final 
designed called for a combination of TDMA (Time Division Multiple Access) and 
FAMA (Floor Acquisition Multiple Access). 


